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ABSTRACT ~
~/

-

. A question that has recently received coﬁsiderable attention is whether modeling provides
as rich a cognitive representation as knowledge of results. Equivocal findings have.be'en report-
ed, with Ross, Bird, Doody and Zoeller (1985) citing model superiority, and‘McCullagh and Lit-
tle (1987) citing physical practice-knowledge of results superiority. - Fun};er study is needed to
examine this issue. With the exéeplﬁof Landers and Landers (t973), and Manens,lBurwitz
and Zuckerman'(1976), no study has attempted to evaluate the performance differences resulti;lg
from observing an unskilled model verms’a skilled model. The purpose of this study was to

assess the effects of model's skill level, model's knowledge of results and physiéal practice on the

acquisition of an aiming task, specifically dart throwing.

Thirty female subjebts who had never thrown a dart were assigned to one’ of six experimen-
tal conditions in 4 mdomized fashion with five subjects per condition. All subjects, with the ’
e:;ception of the édntrols; observe(; a ;fideotape of a skilled or. an unskilled model and either
received or did not receive vicarious knowledge of results related to the accuracy of the model's
eight throws. 'This resulted in four modeling conditions: Skilled Model-Knowledge of Resuits |
(SKR),’Skillec'i Model No-Knowledge of Results (SNKR), Unskilled Model-Knowledge of
Results (USKR); and " Unskilled Model No-Knowledge of Results (USNKR). Following the
eight observation tn:als. these subjects performed-60 throws. Two control groups, one performing
60 throws (C60) a:d the other performing 68 throws (C68), completed the design. Duﬁng the
performance trials, every subject received verbal knowledge of results about the accuracy of the-
throw but no visial information rega}ding body movement or dart-location. Following a .2_4

hour retention interval, all subjects performed one block of four no-knowledge of results' trials.
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¢
The dependent variables were absolute constant error (ACE), variable error (VE), and total error

(®).

The results indicated that on the first block of trials, all expeﬁx;lental groups had equivalent
accuracy and consistency measufes, suggesting equivalent conceptual repre)-_sentations. Wﬁq%e’
.independent effects of model's skill level and model's knowledge of results were ﬂexamined,
{'iewing an unskilled mode! resulted in a lower total én’or score for the first block, and signifi-
cantly begter consis;ency over the atquisition period.' Subjects who viewed a skilled model
) required knowledge of results to form a conceptual reéresentation equal to that formed by the
i:nskiilédh'_pxodel subjec‘ts on the first trial. No improvement in performance occurred over the
practice.period, and there was no decrement in performance following the 24 hour retention inter-
vall |n te'ﬁiis;' of social learning theory, those subjects who viewed the unskilled model were able
to form a sjro_ngér conceptual representation for the task within the first block, than those who
viewed the .slciiled ‘modf:l. The physical practice period did not help the subjects to improve

their performance of the dart throwing.

Asa reéu_lt, a second experiment was carried out to determine 1f the type of lmowledg.e of
results ‘recei\.f_ed during the performance trials was 2 crucial variable in leamning this task. Fifteen
female subjects were divided into one of three experimental conditions. All subjects observed the
_ ﬁn.s‘killed‘model an'cf’receivéd verbal kmowledge of results regarding the accuracy of the model's
performance during the observation trials. During the performance trials, the ﬁfst grOl;p
received verbal kndw!edge of results following each trial; the second group receiveq \.risua]-
knowledge of results of the dart's location on the board following each trial, and the third group
received both verbal and visual knowledge of results folfowing each trial. The analyses from this
follow-up experiment revealed r;o significant differences amcf;gthe i;roups. The addition of vis-
ual knowledge of results bad no significant effect on performance. Thus, in the léMng and per-

formance of the present aiming task, providing visual knowledge “of results in addition to verbal

-iii- o



* knowledge of zesults provided no advantage in terms of developing a schema for the performance

of the task._./
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INTRODUCTION °

<

It is generally believed that observing a model facilitates the acqmsmon of motor skills, and .

although verbal instructions can also convey task demands, language is hmmng when descnbmg
complex movements. Modeling as an instructional technique is 'eommorﬂy employed in industry
and education, including sqch activities a‘s}_démonstréting the use of ma'cﬁinef}i; {eg. power saw),
or the performance of :ﬁotor skills (eg. basketball foul shot). This technique is peneﬁciz;l not only
for the novice Eut also for the skilled, as a model can quickly and efficiently convey an image of

the act (Whiting & den Brinker, 1982), or what Gentile (1972) refers to as "getting the idea”

" (p.5). Thus, instructors and educators rely heavily on demonstration as a means of communicat-

ing movement patterns. Research dealing with modeling and skill acquisition also support its

. worth (Adams, 1986; Carroll & Bandura, 1982, 1985, 1987; Doody, Bird, & Ross, 1985; Landers
& Landers, 1973; Little & McCullagh, 1987; Martens, Burwitz, & Zuckerman, 1976; McCullaghw C

& Little, 1987; Rods, Bird, Doody, & Zoeller, 1985). ot

A

In motor skill learhing, iriformation can be provided prior to, during, andfor after move-

ment. Researchers have focused on the role of information provided during movement and aug-

1

mented information following the movement (See Appendix C for Definitions of Types of Infor-

mation used in the present thesis). Howeyer, Carroll and Bandura (1982) and Adams (1986) have™

pomted out the dependence on ﬂlIS instrumental learning paradigm, and have suggested a shifi of -

attention to information prov:ded prior {0 performance namely the observational leaming para-

I3
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2

In using an observational learning paradigm thére are two concerns. First, those concerns
related to the model's skill level and use of the model's knowledge of results, and second fgose_

concerns related to the type of task exposure - physical practice versus modeling. Two studies

77777 have claimed to manipulate skill level of the model.. Landers and Landers (1973} used skilled
versus unskilled teacher and peer tﬁod;:ls. and in 1976, Martens et al. employed a correct, incor-

rect, and learning sequénce model. However, in both studies all models were skilled at perform-

ing the task, but were performing under diffféreut instructiqg conditions. Subsequent to these

studies only correct models have been used (Carroll & Bandﬁra. 1982, 1985, 1987; Doody ét al.,

1985; Little & McCullagh, 1987; McCullagh & Little, 1987; Ross et al., 1985). In 1986 Adams

I .

reversed this trend by having a novice learn the task while being observed by the subjects.

related to the rhodf_:l is use o-f,lhe model's knowledge of results. Réceiving
following performance of a motor skill is thougl:&t to be a critical variable for
learning to occur (Inbm; 1966). The glﬁdance function of knowledge of results presumes that the
knowledge of results aids in the detection and correction of movement errors which will lead o
improved performance on the next trial. In obserﬁational learning, the detection and correction o_f_;_ _
errors can be linked to the theoretical framework of Carroll and Bandura's (1982) social learning
theory. "I'hjs theory states that motor leaming involves the construction of a conceptual represen-
tation that provides the internal model for response producton. This internal model serves as the
standard for response correction from feedback accompanying response execution. The concep-
tual representation is formed by transforming observed sequences of behavior into symbolic
codes that are centrally processed before the movement is performed. Initially, response patterns
are organized at the coguitive level and —Lhe cogcepfual representatioil of the behavior enables the
learner to produce a rough approximation of the movement. If the movement is a novel one,
‘overt performance is necessary\to detect mismatches betweeﬁ the conceptual representation a.!ﬂd
performance feedback, and to make appropriate corrections in response execution. Adams (1986)

expanded upon this idea by stating that when the movement sequence to be leamed is complex,

*
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information provided in addi-tion to observation may t3e beneficial to the learning of the task.
Employing a timing task Adams hypothesized that the observer would benefit not only from
observing the model, but also from receiving the model's knowledge of results. He felt an
observer who viewed the model's action and received the model's knowledge of results would
form a conceptual representation and also become experienced in responsé appraisal and error
correction techniques by performing the same cognitive activities as the model. However, there
was no significant difference between the observers who received the model’s knowledge of

results and those who did not; although, descriptively, the lmowledgé of results group performed

more accurately.

While Adams (1986), Landers and Landers (1973)-and Martens, Burwitz and Zuckerman
(1976) have provided evidence in support of skill leaming through observation, little is known
about the relative potency of modeling as compared to the traditional knowledge %E)"f"é}esults
approach to learning a motor skill. Thus, recei\.ring information prior to practice is beneficial, but

‘is this information more beneficial than the practice itself? This second concern was addressed
by Ross et al. in 1985, who added knowledge of results as a variable in the observational learning
of a knock-down barrier timing task to test the hypothesis that the acquisition of a motor skill
through observational learning should generate better retf:ntion than physical practice with knowl-
edge of results. Over acquisitior, all groups performed with equivalent accuracy and consistency,
but over the; retention interval all groups, with the exception of those who observed a correct
model, displayed a significant loss in accuracy of performance. Ross et al. concluded that observ-
ing a correct model throughout the acquisition period resulted in a stronger conceptual represen-
tation. In 1987, using the same task, Little and McCullagh failed to replicate this finding, as their
c;rrect model group also experienced a loss in accuracy over the retention interval. Because the-
subjects in these tlwo studies also received their own knowledge of resqlts accompanying each

>

physical practice trial, it is not clear whether they could construct an adequate conceptual repre-

sentation based on modeling alone. This was addressed by McCullagh and Little (1987) who
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provided subjects with no knowledge of results during the physical practice trials. Over acquisi-
tion their Physical Practice No-Knowledge of Results Group was signiﬁcahtly more accurate than
the modeling groups. However, on immediate transfer the modeling groups were significantly
more consistent, while following the retention interval all groups were equal. Thus, it would
appear that for acquisition physical practice with/vs;;ithout knowledge of results is best, but for
retention, modeﬁng with/without knowledge of results practice may be better. However, these

results should be viewed with some skepticism, as the designs are not without weaknesses. There

-

-

was confounding of modeling and physical practice trials, there were unequal task exi;osures;
there were unequal numbers of physical practice trials, and there was inconsistent use of depén-
dent variables. ﬁe only way to eliminate the confounding effects of modeling and physical
practice would be to follow the procedure employed by Adams (1986) where all modeling trials

occurred prior to physical practice.

1.1 Statement of the F"roblem

The purpose of this study was to assess the effects of observing a skilled versus an uns-
killed model, and either receiving or not receiving tt;e model's knowledge of results, on an
observer's subsequent performance of an almmg task involving dart throwing. It was hypoth-
esized that physical practice with knowledge of results would result in a stronger conceptual rep-
resentation being formed for the task than that formed through modeling (McCullagh & Little,
1987); that ob;;v;g ;u unskil}ed model would result in better initial performance than when
viewing a skilled model; and that receiving the model's knowledge of results would ﬁroduce bet-
ter initial performance than when ﬁol receiving the model’s knowledge of results (Adams, 1986)

(See Appendix B for Formal Hypotheses).

!P



Chapter 1l
METHODOLOGY

-

21  Subjects and Models '

. Thirty adult female volunteers {mean age: 19.47 years $.D.:2.09) participated in the present
experiment. All‘subjects were right handed and said they had never thrown a dart. Subjects had -

normal or corrected vision (ie. glasses, contact lenses), and all wore a short-sleeved shirt while

performing.

The two dart throwing models were adult female volunteers from the Windsor commu-
nity. Both were right handed and wore a short-sleeved shirt while performing. 'I"he- skilled model
had 15 years of recreation aﬁd tournament experience, while the unskilled model had never
thrown before. On eight performance trials, the skilled model had an absolute constant error
(accuracy) score of 1.69 cm and was three times more accurate than the unskilled Efodél, and had

a variable error score of 5.70 cm which was 2.6 times more consistent (See Appendix D).

' v
2.2  Experimental Design

The experimental design was mixed, with Skill Level of the Model x Model's Knowl-
edge of Results x Practicé Blocks (2 x 2 x415), with repeated measures on the last factor. The '
subjects in the modeling conditions observed a skilled or an unskilled model and either received‘
or did not receive vicarious knowledge of results related to the model's eight dart throwing trials.
Thus, the four experimental modeling conditions were Skilled Model-Knowledge of Results

(SKR), Skilled Model No-KthIedge of Results (SNKR), Unskilled Model-Knowledge of ‘
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Results (USKR), and Unskilled Model No-Knovif}t_eggt_z_?{ _Results (USNKR). Two control: groups
completed the design with the Control-60 (C60) Group performing 60 throws, and the Control-68
(C68) Group performing 68 throws. The C}GO) Group was equated to the modeling conditions in
terms of the qumber of physical practice trials performed, and the C(68) Group was equated to
the modeling conditions by providing eight initial practice trials rather than an initial eight obser-
vation trials. The last factor was practice blocks of which there were 15. Each block was com-
prised of four trials, for a total of 60 performance trials. Subjects were assigned to one of the six
experimental conditions in a randomized fashion with the proviso of five subjects per condition.

The dependent variables were absolute constant error (ACE), variable error (VE), and total error

(E). 'Thus, measures of both accuracy and consistency were obtained.

2.3 Apparati:s

A regulation size NODOR bristle dart board was used, with a dia;laeter of 45 centime\gers',
and a bull's-eye of diameter 1.5 centimeters. Located in the center of the bull's-eye was a light
emitting diode (LED) 0.50 centimeters in diameter which was the target for the physical practice
trials. | The dart board was mounted on f"iberboaxid, and the center of the bull's-eye was 1.73
meters from the floor:‘-.:Using 24 gram darts, the models and all subjects threw from a toe-line
2.37 meters from the face of the target, attempting 'to ilit the LED (See Appendix E‘for View of

Apparatus and Testing Room).



2.4  Measurement System

The measurement of the dart's location from the LED (bull's-eye) ‘was accomplished
using 2 Numonics Corporation numonics graphic calculator (digitizer) Model 234113. The digi-
tizer consisted of a sliding arm which could be positioned anywhere on the face of, z;md a limited
area surrofmding the dart board. The position was marked and fed on-line to an Apple Ile com-
puter through a serial input board. The data point was measured in terms of (x,y) co-ordinates
from the (0,0) point of the LED. Software transformed the (x,y) co-ordinate into distance of the
dart from the LED in centimeters (See Appeifjix I). The distance information and the section

-number of the dart board in which the danlianded were available immediately to be us;.d as

knowledge of results (ie.) "Section 19, 6 centimeters from the buil's-eye."

2.5 Proce&ure

All subjects in the modeling conditions were required first  to observe a videotape of |
. their respective model performing eight throws at the LED. Subjects were seated and observed
from the filming a.néle of 47 degrees on an 18 inch Panasonic television using a JVC, VHS video
playback unit. The subjects were naive with respect to the skill lével of the model they were
observing, and viewed the body. and arm action of the model. They were not told what aspects of
the throw to observe so as not to. bi;ts their observation.- Subjects never saw the dart land, but
received auditory-knovéledge of results from hearing the dart hit the board. Because the sound
was the same regardless of the dart's position on the board, this knowledge of results was not a
reliable indicator of its location. Immediateiy following each throw by the model, the television
screen went blank for an inter-trial interval of 20 seconds. During the inter-trial intew:;l, subjects
either received or did not receive vicarious knowledge of results related to the model's perform-

a“mce. Suvjects who did not receive the model's knowledge of results remained facing the blank
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screen; whereas those who received vicarious knowledge of results were required to turn and

face a dart board located on the wall beside them (hereafter referred to as the "viewing-dart-

-board") and to visualize the location of the dart. Following these eight observation trials, all sub-

Jjects were required to perform 60 throws,

During the subjects' practice trials, vision was reduced by having them perform in a dark
room, with only the LED located in the bull's-eye illuminated. Subjects began each trial by fac-
ing the illuminated LED, and the beginlning of each trial was signalled by a 30 second timer.
Once subjects heard the start s;gnal they were free to throw when ready. The experimenter
could mgnitor the throw as each subject wore a luminous -bracelet, which was visible*in the dark,
on herﬂt’lyuowing arm. The LED was turned off by Lhc_e experimenter at the start of the forward
motion of the throw following the backswing. This was done to prevent the subjects from seeing
where the dart landed. Immediateiy following the release of the dart, subjects turned to face the
viewing-dart-board at the back of the room. At this time, a light was turned on above the target-
dart-board to which the subjects threw, in order to provide sufficient light to measure the dart's
landing location, and to allo‘;.r the subjects to see the viéwing-dart-board. The position of the
dart was measured, recorded: and knowledge of results was given to the subjects which was
used to visualize the dart’s location on th_e viewing-dart-board. Following;measmement and the
receipt of kmowledge of results, the room was darkened. Subjects turned to face the té:get-dart-
board and waited for the next start signal. This procedure took 30 secgmds, and was maintained
for all trials, for all subjects. At the end of this first testing session subjects were debriefed to
obtain information regarding what they observed from the model's performance. It was evident

that they were attending to important aspects of the model's performance (ie) how she stood, how

she moved her arm, and how she held the dart.

Following a 24 hour retention interval, allrsubj_ects performed one block of four no-

knowJedge of results trials. The same procedure was followéd as during the 60 practice trials.



Chapter i
RESULTS AND DISCUSSION

The data were analyzed by dividing the 60 performance trials into 15 blocks of four trials,
and calcula}iné the accuracy and variability (ACE, VE, E) scores. Tl':le results and discussion are
presented in four sections: a) comparison of the control groups' initial performance, b) the effect
of prior experimental conditions (observation and practice) on initial performance, c) the interac-
tion of prior experimehtal conditions and sugsequent physical practice on acquisition, and d) the
performance level rétained folldwing the 24 hour retention interval. (See Appendix F for
ANOVA and Means Summary Tables). Alpha = .05 was used for all tests of significance. Due
to the large amount of variance in the data, a Hartley F-max test of homogeneity of variance was
performed on the variable error data to détermi.ne the appropriateness of using analysis of vari-

ance. Homogeneity of variance was supported with F(6, 4) = 6.06, p>.05.

Comparison of the Control Groups' Initial Performance

Randomly assigﬁiﬁg subjects to groups assures in a staﬁstical sense that the groups are
equal in the attribute under investigation (Kérlinger, 323). To ass}st in confirming this assump-
tion a one-way analysis of variance (ANOVA) was performed for the two control groups who
began the testing se_:ssion with physical practice trials. No significant difference was found in
at_:solute constant error between the two groups for the first trial of dart throwing with F(1, 8) =

$5.00. The results of this ANOVA provide support for the group equivalence attained through ran-

dom assignment.
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The Effects of Prior Experimental Conditions on Initial Performance

To determine Whethelr no practice, eight ph)r.sical practice trials, or eight observation trials
under the different model and knowledge of results combinations resulted in different cémceptual
representations for dart throwing, a one-way ANOVA was performed using all six groups on the
first block of trials for all dependent variables. The analyses failed to locate any sigm'ﬁcaén ;ﬁf-
ferences a&xong the groups, with f\CE: F(5, 24) = .60, VE: F(5, 24) = .82, and E: F(5; 24) =
2.02. As can be seen in Table 1, altI;ough the differences among the means is very large, the
values for between subject variability are also large, wgich is prob;bly why there are no statisti-
cally significant differences. Unlike the results of the present experimeﬁt. Adams_(1986) reported
that over the first five trials of his timing task, there was a significant difference between the
observer groups and the control group with both observation.groups exhibiting superior perform-
ance, while not being‘different from one another. These observation groups can be compared to
the unskilled modeling groups of the present experiment, who were also not significantly differ-
ent from ('me another over the first block of four trials. Although no significant differences exist-
ed in either study; subjects who ;eceived the model's knowledge of results during the observation

trials formed a stronger conceptual represeniation in both studies.

Table 1 - Mean and Between Subject Variability (SD) values for the six experimental
groups on the first block of acquisition for dart throwing.

il

Group ACE (cm) VE (cm) )

SKR 15.01 (13.0%) 22.15% (12.03) 29.75 (10.18)
SNKR 22.21 (17.96) 24.00 (20.48) 38.31 (15.63)
USKR 13.75 ( 6.90) - 15.89 ( 8.60) 21.91 ( 8.56)
USNKR 10.83 ( 5.15) 19.62 ( 9.65) 23.56 ( 7.33)
c(e0) 20.98 (17.77) 16.14 ( 9.45) 30.91 ( 9.33)
c{e8) 18.2% ( 9.78) 10.72 ( 5.63) 22.91 ( 5.74)

mean (SD)

-
./
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“Because the control groups were equivalent to the modeling groups furth-er analyses were
done to assess the independent effects of model's skill level and model's knowledge of results. A .
2 x 2 (Skill Level of the Model x Model's Knowledge of Results) ANOVA was perfofmed on the
first block for all dependent variables. The analysis fo? total error revealed a significant main
effect for model's skill level with F(1, 16) = 5.37. As seen in Figure 1, subjects who viewed the
unskiiled model had significantly less total error than those who viewed the skilled model. The

subjects were apparently able to derive more meaningful cues from the variable performance of

the unskilled model.
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Because total error is comprised of both ACE and VE, neither of which was significant

over the first block, accuracy on the first trial was analyzed by performing a 2 x 2 (Skill Level of .
the Model x Model's Knowledge of Results) ANOVA. By doing this, accﬁ.racy could be
assessed independent‘ of variability and the in-fluen\c?; ‘olf p}actice. A significant interaction
emerged with F(1, 16) = 5.18. As can be seen in Figuré‘\il\. ;ubject‘s who viewed the unskilled”
model formed equivalent concepnfal representations régaydh%s’g\:ﬁhether or not they received
the model's knowledge of results. Thus, k;iowle’dge of results provided redundant information.
To develop a conceptual representation equal to those viewiqg the unskilled model, th;a skilled

model subjects required knowledge of results.

J
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To complete "the analyses, a on-e-way ANOVA  between the C(60) and C(68) groups
was performed on the first tnal This allowed two comparisons; first, a comparison of the control
groups independent of the effects of the other conditions, and second, a direct comparison of
whether or not physical practice was better than no practice. This differed from the original con-
trol analysis in that the‘trial being used for the C(68) Group was the first one following the initial
eight physical practice trials (C(68) = ) trial 9; C(60) trial 1). The analysis revealed a significant
difference between the groups F(1, 8) = 9.26, with the C(68) Group bemg significantly more
accurate. Thus, the initial exght throws resulted in a stronger conceptual representamn for this
task compared to those supjects who received no prior ta.sk‘exposures.

i
s

Litte and McCullagh (1987) concluded that the  effects of modelmg must-bé studxed
mdependently of other variables that may affect performance. It is unforumate that this was not
done in t.he previous studies, making it difficult to compare the initial performance findings of the
present study to other modelmg literature. Past studies (Doody et al., 1985; Ross et al., 1985 th-
te & McCullagh 1987; McCullagh & Liule, 1987) averaged performance ov; the acquisition
period, dunng wb.lch time the physical practice was mteractmg with the modeling trials. Thus,
the initial effects of modeling- were never assessed. In the present study, when the independent
effects of model's skill level was eva_lpg.:.ted on the first trial, "viewing an unsl;illed model resulted
in significantly more accurate initial performance. Regardless of -whether or n!ot_ knowledge of
results was rec\eived, observing an unskilled model resulted in the formation of a superior con-
ceptual representation. This is in opposition to the ﬁndings of Landers and Landers (1973) and
Mertens et al. (1976) who reported no significant differences in model ability. Their findings

may be due to the skilled performer using the same movement pattern to achieve both accurate

and errorful perfoﬁnances according to the different model roles, or to the confounding of model-

ing and physical practice. |

5y
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The Interaction of Prior Conditions and Subsequent Physical Practice on Acquisition

Because the groups were s-imilar on the first block of trials following different prior experi-
ences, but received identical treatme;t during the practice period, perhaps an interaction between
prior eprsures and the practice period would uncover differences among the groups. This was
assessgd using a 6 x-15 {Group x Block) ANOVA with’repealed m’easures on the las; factor for all |
~ three dependent variables. These analyses indicated no significant main effects and no significant

interacu'oris. Uhexpecr.edly. no improvement occurred over the physical performance blocks as
évidenced bj-{ the nonsignificant block main effects. Although not significant, in ali three analy-
ses the C(68) and USKR groups exhibited the most accurate and consistent performances The
-fact thdt no Improvemem occurred is mconsxstent with the modeling literature where sngmﬁc
improvements in performance have been shown for the Bachman Ladder task, a ball 1 l-up
’aud timing tasks (Carroll & Bandura, 1982, 1985; Doody et al., 1985; Landers & Landers.‘1973:
- Little & Mc‘Cuilagh. 1987; Martens, 1976; McCullagh & Little, 1§87; Ross et al., 1985). Perhaps
' lh:: subjects in the current experiment were “real” novices performing in the pos‘itive acceleration
segment of a sigmoidal learning curve (Woodworth and Schlosberg, 1938) where changes in per-

formance were so infinitesimal they were not detected by the current measurement system or

were not detected by accuracy or variability measures.

Landers and Landers (1973), Martens et al. (1976), and Little and McCullagh (1987) found
that physical practice control groups exhibited the boorcsl performances, possibly as a result of
not receiving the same number of task exposures as the modeling groups. However, although not
significant, in the pre‘sen.t study where task exposures were equated, the C68 Group was the most
accurate and consistent. Thxs is supported by McCullagh and Lntle (1987) who reported their

Physn:al Pracuce No-Knowledge of Results Group was superior in acqu:smon

|
The effects of physical pructice with knowledge . of resuits coupled with prior task

. ] : - N\ o . o :
experiences did not differentially affect the groups based on their prior experiences, as evidenced

[
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by the nonsignificant interactions. This is supported by Martens et al. (1976) and McCulIa}gh and
Little (1987). .

The 6 x 15 Rl\i ANOVA aml,lov.r"f.:c-l”a comparison of groups, but did not allow a fac;oring of
the infl%pendent variables.  To-assess the separate effects of the model's skill level, model's
knowledge of results, and physical practice blocks on acquisition, a2 x2x 15 (Skili Level of
the Model x Méfd-el's Knowledge  of Results x Block) ANOVA with repeated measures on the
lfaSt factor was performed for all d;.pendent variables. The analysis for variable error revealéed a
significant main effect for skill level of the model F(1, 16) = 4.89, with subjects who viewed the
unskilled mode! forming a superior representation for consistency (14.34 cm) than Lhe*subjects

w

who observed a skilled model (21.21 c¢m). The main effects of knowledge of results and block
5™

~ were not significant, thus .recewmg the model’s knowledge of results had no effect on consisten-

cy, and consistency did not improve with practice. This nonsignificant main effect for model’s

knowledge of results is’ supponed'by the findings of Adams (1986) who reported no significant

dlfferences béetween the ‘observer groups in either initial performance or final performance. It ‘

must be kept in mind that the gresent aiming task differed greatly from Adams-tming task and

-

ment received the same treatment during the physical practice trials, it is not surprising there were

no significant interactions for the dependent variables. g

The Performance Level Retained : K

Since“[)erformance_ is not always a measure of acquisition, the performance over the 15
bloclg may;have been depress_ed'by some , unknown \;ariable whose effects disappeared over
rétgql_ion. To evaluate this, 6 x 2 (Group x Block) ANOV-A.'S ;Iilh repeated measures on the
bleck factor between the last ‘block of practice and ihg first block of retention were performed for
all depeudent vanagles The analyses revealed a}s):gmﬁcant group main effect with the F-values
being F(S 24)=2 65 and F(5, 24) 3.15, for accuracy and con51stency respectively. As can be

-

9
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seen in Table 2, the between subject variability values are large which may explain why no sig-
nificant differences between the gfoups emerged in post-hoc testing. There were no othel: signifi-
cant main effects or interactions for aécui'acy and consistency indicating that accuracy and consis-
tency were maintained over the retention interval. The analysis for total error ;evealed no signif-

icant main effects or interactions.

T ’ :
F I
f -
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Table 2 - Mean and Between Subject Variability (SD) values for the six experimental
conditions for the last block of pracucc (15) and the first block of retention (1) for dart
throwing.
ACE (cm) VE {(cm) E (cm)
Block 15. 1 15 1 15 -1
Group ’
SKR 12.72 8.53 30.26 33.69 33.31 37.75
{ 9.75) ( 8.15) (16.45) (27.28) (18.05) (23.20)
SNKR 16.23 18.74 15.23 22.18 25.21 28.23
(13.62) (11.72) ( 6.18) (15.57) ( 6.99) (13.02)°
USKR 12.84 14.64 - 6.20 13.32 15.46 21.81
(10.30) (10.30) (-3.29) ( 4.76) ( 8.50) ( 4.83)
USNKR 14.90 13.20 11.26 20.27 21.46 26.29
(13.34) ( 7.02) ( 6.49) .(13.95) ( 8.97) (11.46)
c(e0) 27.15 27.02 12.46 17.33 33.73 34.10 -
(17.97) ( 9.41) (11.01) (15.11) (11.76) (12.21)
C(68) 8.24 17.34 13.02 8.97 15.48 19.84
( 2.33) (10.86) ( 4.08) ( 7.63) ( 4.40) (12.67)
mean (15)= 15,35 14.74 24.11
(12.59) (11.25) (12.34)
mean{l) = 16.58 19.36 28.00
(L0.56) (16.38) (14.25)
mean
(SD)

Since there was a significant main effect for skill level of the model over acquisition it was
necessary to assess whether this effect persisted over the retention interval. To examine thisa 2
x 2 x 2 (Skill Level of the Model x Model's Knowledge of Results x Trial) ANOVA with repeat-
ed measures on the last factor was pérfonned between lh; last trial of practice and the first trial
of retention, The analysis revealed no significant main effects ox interactions. Thus, rega:dless of
model’s skill level and model's knowledge of results, perfo jance accuracy was equivalent

between the skilled and unskilled modeling subjects. The nonsignificant trial main effect indi-

"cates that the performance-level was maintained following retention.
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- -The present findings for retention are in opposition to those of Ross-et al. t1985) who f;)und

that all the groups with the exception of the Correct Model Group exp;:rienced a significant
increase in absolute error following the retention period. This is similar to the findings of Little
and McCullagh (1987) ‘who reported that although not significant, all groups experienced an

increase in absolute error from immediate to delayed retention.
t

|
.Similarly, like McCullagh and Little (1987), the C(68) Group had the lowest error score in .
retention, and supportive of Little and McCullagh (1987) was the SKR Group who had the most \

accurate performance in retention. These effects however were not significant.
' ~,

S

In sunimaxy, the major findings of this experiment are, first, subjects who vie&eg an uns-
killed model had significantly less total error on the first practice block, and were rgfo;\é consis-
tent over the practice period than subjects who observed the skilled model. Second, the unskilled
model subjects formed an equal conceptual representation for accuracy on the first trial rega:dles;
of whether or not model's knowledge of results was received. For the skilled model subjects to

form a representation equal to that of the unskilled model subjects, they required knoWledge of

results. Third, there was no decrement in performance over a 24 hour retention interval.

A primary concern was whether subjects were performing at the lower end of a sigmoidal
curve, or whether the null effects obtained were due to the type of knowledge of results provided,
since 60 trials should have been sufficient for learning to occur. To examine this concern, a sec- |
ond experiment was designed to determine the effectiveness of visual knowledge of results and
verbal knowledge of results in acqm"ring the dart throwing skill. The same unskilled model was
chosen for this experiment because of the significant model main effects in Experiment One.
Although there were no significant main effects for model's knowledge of results, sﬁbjects who

received the kmowledge of results had lower error scores, thus, this was included during the

observation trials.



Chapter IV
EXPERIMENT TWO

4.1 ' Methodology

Fifteen adult female volunteers participated in the present experiment (mean age: 27.13
years, S.D.:11.83). All subjects said they had never thrown a dart, had normal or corrécted
vision, and wore a short-sleeved shirt while performing. The apparatus, task, and procedures
were identical to those outlined in Experiment One with the following exceptions. First, all sub-
jects viewed the unskilled model and received vicaﬁous knowledge of results, aﬁd second the
type of information provided after each physical practice trial was manipulated. The subjects
were assigned in a randomized fashion to one of three experimental conditions with the provision
of equal group size (n=5). The first group was the Verbal-Knowledge of Results Group who
received verbal information following each physical performance trial. The second group, the
Visual-Knowledge of Results Group, received visual infc;rmation immiediately following each tri-
al, and the third group received both \;erbal and Visual Knowledge of Results fbliowing each tri-
al. Following each throw to the target-dart-board subjects turned to fa:;e the back of the room
while the measurement was taken. When the ready signat was given subjects turned to face the
target-dart-board. The Verbal-Knowledge of Results%mup was given the section number in
which the dart landed and the distance from the LED which they were to visualize on lﬁe board.
Tke Visual-Knowledge of Results Group saw the dart in the board, and the Verbal plus Visual
Knowledge of Results Group received both types of information. In both the visual and visual
plus verbal knowledge of results groups, the dart was left in the board for the subjects to view,

~but was removed prior to them viewing their next throw. It was hypothesized that the Visual-

-21-
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Koowledge of Results Group and the Verbal plus Visual Knowledge of Results Group would
exhibit more accurate and consistent performances than the Verbal-Knowledge of Results Group,
ang that thl_ere should be no significant differences between the visual and visual plus verbal |
groups becz\mse the verbal information is thought to be redundant to the visual information (See

Appendix G for Formal Hypotheses).

42  Results and Discussion T~

The 60 performance trials were divided into 15 blocks of four trials, and the error scores for
accuracy, variability, and total eror calculated (ACE, VE, E). This section will be divided into
three areas: a) group equality test, b) the effects of knowledge of results type and physical prac-
tice oa acquisition, and ¢) the performance level retained, The 0.05 level of significant was used

" for all analyses (See Appendix H for AﬁOVA and Means Summary Tables). In order for a
legitimaie comparison of the experimental conditions it is imperative that the three groups com-
mence practice at the same skill level, To examine this requirement a one-way ANOVA was per-

“formed on the first trial. This trial was chosen because it was the only one common to th-e groups,
as after Trial One the groups were influenced by the type of knowledge of results received. Tﬁis
analysis failed to show a significant difference among the gfoﬁps with F(2, 12) = 0.73 therefore
the. groups wete equivalent at the onset of testing, which is important in terms of both random
subject assignment and in providing a baseline for knowledge of results influence comparisons.

. This is the- expected finding for the trial analysis, because on Trial One the ohly factor which

could affect performance was the eight observation trials. Since all subjects observed_ the same

model, there should have been no difference among the groups.
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The Effects of Knowledge of Results Type and Physical Practice on Acquisition

‘ " Because the analysis for the first trial revealed that all groups were performing with compa-
rable accuracy, it was possible to assess the effects of the different types of knowledge of results
"and physical practice on the acquisition of the dart throwing‘task. To evaluate these effects a 3 x
15 (Group x Block) ANOVA with repeated measures on the last factor was performed for all
three dependent variables. The three anatyses revealed no signiﬁcant main effects or interactions,
indicating that reggrdless of thg knowledge of results received{the groups were not differentially
affected, and that no learning occurred. Thus, in acquiring this task neither visual knowledge of

results, verbal lcnov:rledge of results, nor their combination was beneficial. However, while not

statistically significant, the Verbal-Knowledge of Results Group was the most consistent.

The Performance Level Retained

The performance level retained following the 24 hour retention interval was analyzed using

a 3 x 2 (Group x Block) ANOVA with repeated measures on the last factor between the last block
of practige and the first block of retention for all three dependent variables. The analysis for con-
sistency (VE) revealéd a significant block main effect, F(1, 12) = 5.67 with the mean of the last
block of practice equal to 9.38 ¢m and the mean of the first block of retention equal to 16.63 c¢m,
indicating a decrease in consistency. The analyses for accuracy and total error revealed no signif-
icant main effects or interactions indicating that regardless of the type of knowledge of results
- subjects received, they were still performing with equivalent proficiency foilowing the ‘ret'ention

interval. The accuracy of the experimental groups was not affected by the retention interval, but

L

the variability of the performance increased.
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4.3  General Discussion of Experiments One and Two

! ¢ !

The general purpose of these investigations was to evaluate the effectiveness of modeling

as a means of acquiring a dart throwing task. Building on the work of other researchers (Adams,

1986, Doody et al., 1985; Landers & Landers, 1973; Little & McCullagh, 1987; Martens, 1976;
McCullagh & Little, 1987; Ross et al., 1985) mociel's skill level and model's knowledge of results
were manipulated. Social learning theo'ry purports that observed events are symbolically coded to
form a conceptual representation for the observed event that is cognitively rehearsed prior to
overt performance. However, equivocal findings have been reported as to whether modeling is m
fact superior to physical practice with knowledge of resﬁlts. In the present studies, bractice in
combination with modeling did not aid dart throwing performance with each modeling group
being equivalent to the Physical Practice-Knowledge of Results Group during both initial per-
formance, and the prectice period. When the independent effects of model's skill level and mod-
-el's knowledge of results were analyzed, observing an unskilled model resulted in less total error
within the first block, and more consistent performance over the practice period. Model's knowl-
edge of results had no effect on performance Regardless of the type of knowledge of results
~ received following each practice trial, performance did not improve.

e~

| In understanding the results of the present research, the following points deserve consider-
ation. First, unlike many of the recent observational learning studies,  the dart throwing task
did not involve timing per se.- In the timing studies of Adams (1986), Carroll and Bandura
(1982, 1985), Doody et al. (1985), Little and McCullagh (1987), McCullagh and Little (1987),
and Ross et al. (1985), the subjects were able to observe the rhythmical pattern the model used
while performing the task segments, making these tasks receptive to learning through observa-
tion. The present task contained 6nly a single movement segment, and was ballistic in nature;
consequently r_h_yt.hmical pattern information was miuimai. Possibly thz differences in findings
- between the present studies and those involving timing are the result of subjects acquiring the

"rhythm".

-/’L-
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Second, procedurally, the previous research confounded  the modeling effect with prac-
tice, making it difficult to compare the independent effects 6f modeling on performance. Were
the results of past studies due to modeling effects or a combination of modeling ard physical

practice? The answer may help explain the equivocal findings reported by the various research-

€rSs.

Third, through the lack of skill improvement it can be assumed that neither verbal nor visu-
al knowledge of results, coupled with physical practice, enabled the subjects to modify the recall
and recognition schemas formed initially (Schmidt, 1975). Perhaps the present results are best
explained by Fitts and Posner’s (1967) stages of motor learning. The first stage, early or cogni-
tive, is when demonstrations and instructions are the most effective, and can be considered to be
the first step in the developmént 6f a schéma or executive program for the task. At this stage,
behavior is consider-ed to be "truly a patchwork of old habits ready to be put together into new
patterns and supplemented by a few new habits" (p.12). Subjects may be developing a series of
subroutines to perform the task, with no imprévement being seen while these are being modified.
The next phase, intermediate or associative, is the stage in which subroutines are refined and
errors are gradually eliminated. In the present s‘tudies, apparently subjects never reached this
phase. Evidently, the length of the practice period was insufficient to allow subjects to make
associations between the perceptual system codes and the subsequent motor system code.s from
trial to trial. The failure to attain this second phase may be the result of impoverished communi-
cation between the perceptual and motor systems. Bandura (1977) suggests that through demon-
stration a person may learn what to do, but if he does not have the motor capacity to make the

response required for correct performance, he may be incapable of demonstrating what has been

-

learned.

While each of these explanations can be used to explain the results of the present studies

(Carroll & Bandura, 1982; Fifts & Posner, 1967; Schmidt, 1975) lh\ey are related in the sense .lhat
e
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all rely on cognitive processes and physicalbpractice. Carroll and Bandura’s social learning theory
relies on practice the least, as the conceptual representation is assumed to be formed through the
observation trials and is modified Lhroﬁghoul the observation period, and finally through practice
if the action to be performed is complex. Once practice begins it is not known what really hap-
pens to this representation. Perhaps it becomes part of a generalized motor program which is the
heart of Schmidt's schema theory. The representation itself may be a.schema. Both Fitﬁ and
Pos:ier’s stages of learning and Schmidt's schema theory rely on practice and the formation of
rules and/or associations to learn the task. Only with a substantial amount of practice does the
subject reach the autonomous phase of Fitts and Posner's stages, or have a highly refined recall
and recognition schema for performing the task. In the present studies, subjects never reached

2

these levels.

In summary, only when procedural and statistical analyses are smndardizea. and the com-
plete range of factors influencing observational leaming identified,, will valid comparisons
between studies be possible. The current researcﬁ provides some evidence suggesting that mod-
el's skill level, model's knowledge of results, and performance knowledge of results may interact
to determine performance and learning, supporting the assertion by McCullagh and Little (1987)
that modeling must be studied independently of other factors which may influence performance,
Because no improvement occurred, and because knowledge of performance was intentionally

eliminated it is hypothesized to be a cmcial_va.riabl;e in the learning of the dart throwing task,

.
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* Appendix A
REVIEW OF LITERATURE

[n 1973, Landers and Landers studied modeling effects with subjects observing either a’
teacher or peer model who performed with either high or low performance ability on the Bach-
man ladder. Subsequent to observation trials, subjects performed in the presence or absence of

M

the observed model. The modeling subjects were compared to a control group in which the sub-

| jects performed the task without rnodel demonstration. To a.nalyz;the results the control group
was contrasted (o all other groups within the 2 x 2 x 2 x 6 (Model Type x Model Abifity x Model
Presence xABlock) ANOVA. The results of this analysis indicated that the Control Group differed
significantly from all other groups F(1, 91) = 14.14, p<.0001, and that a significant block main -
effect was present F(5, %55) = 30.40, p<.0001, with performance increasizz over blocks. Therg
was also a significant interaction of the Control Group versus all others with blocks F(S 455) =
'12.87, p<.0001. Post - li_oc analysis of the interaction showed that the Control Group had signifi-
cantly lower performance means on each of the six blocksy-}‘tnals than those who viewed a mod-
els performance. The main effect for model presence was significant, F(1, 91) = 4.03, p<.05
showing that viewing a skillful teacher model resulted in better performances than those observ-
ing an unskilled teacher model F(1, 91) = 10.44, p<.01, and those observmg a Skrllful peer modél
F(Q, 91) 7.51, p<.001. However, observer's watching an unskllled peer model exhibited signifi-
cantly better performance than observer's in the unkkLll_Jd teacher model condition F(1, 91) =
4.66, p<.05. _ ’

o
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A possible explanation for‘the poorer acquisition rate by the Control Group is there was no
ViSElal sensbquegisn:ation relevant to the task to aid in acquiring the motor responses necessary
to sugcessfully execute the task. A second explanation offered was that the motivation or incen-
tive to perform in the Control Group may have been lower than compared to the model exposure
treatments perhaps due to their lack of contact with the model. The teacher model seems to have
been held in higher esteem than the peer model which may explain the superior performance by
those subjects observing a teacher model, irrespective of model's skill level. The presence of the
model when the observers were performing seemed influemial in contributing to the observeru

/
attending to, rehearsing, and reproducing the model's behavior. The observers fearing posm/o’

ridicule and disapproval, strove to excel in performance with the mtennon of receiving positive

-

evaluation from the model.

In 1976, Martens, Burwitz, and Zuckerman performed four experiments with the objective

pre]

of determining whether a model conveyed information about the performance of a motor task,

and whether this information facilitated actual performance. These experiments examined the

inﬂuen::e of obsera{ing a correct model '(oue that always performgd correctly), 2 leaming sequence
model (one that progrcsswe& improved on the task over the seven trials), or an incorrect model
(one that performed the task incorrectly) on the performance of a ball roll up task. They hypoth-
esized that subjects observing the leamning sequence model would perform better than subjects |
observing either a correct model or an incorrect model. It was also expected that the correct mod-
el subjects would perform bettér than the incorrect model Subjeét_s; and that the incorrect model

subjects would perform_better than the control group who received no observation trials. The task -
+

'objective was to roll a ball up an incline to hit a target. The film of the model's demonstration

was shown on the first trial, the 11th, 21st, 31st, and 41st trials, Interspersed between each (;bser-

vation trial was 10 performance trials. During the intertrial interval the previous trial score was

given *o'the subject, even though thé subjéct received visual feedback of each trial. The model
Eed ' .

performed seven trials to the target on each observation. The dependent variables of interest were

algebraic error, absolute ervor, and variable error.

-4}
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The analyses involvecLe_x"i x4x10 (Agé: b Modeling x Block) repeated measures ANdVA.

F;)r all three error terms, the age main effect was significant, with the older boys performing con-
siderably better than younger boys. The block factor was also significant showing that subjects
improved with practice and became more consistent in their performance., The modeling main
effect and all interactions were not significant. Since the task was fairly simple, the modeling
effects occurred only for the initial trials. Thus, an additional 2 x 4 x 10 repeated measures
ANOVA was performed on the first 10 trials, as the blocks may have masked the initial trial dif-
ferences. The results were similar to the blocked trials analyses, with one difference in the alge-
braic error analysis; the modeling main effect was significant F(3, 112) = 2.89, p<.04. Post - hoc
analyses indicated that both the leaming sequence model and correct model groups were signifi-
cantly better (p<.05) over the fist 10 trials than the control group. Th(:.se results indicate that the
correct model and learning sequence model groups benefited from observation when'_comparf.d to
the coatro! group for the first 10 trials when the direction of the error is considered in the analy-
sis. The blocks analysis in contrast to the trials analysis, indicates that Lh’e dif -%es occutred

early in practice and were not sustained with additional practice.

The results from experimeﬁt raise the question as to why the correct model and lea.rning-
sequence model groups performed better forl the first 10 tials but not sﬁbsequently; It appears
that the model conveyed useful information that facilitatgd performance.- Since perfﬁrmance dif-
ferences were not observed after trial 10, suggests, however, that practice may have equalized
that initial benefit of observing a model\f It also suggests that additional demonstration provided
no additional useful information for facilitating performance. )

The purpose of experiment 2 was to further understand why modeling effects occurred

when they did, and why they did not in later practice. Its/fi'rimary purpose was to determine if

subjects could estimate performance by observing only the model's arm movement and not the

-
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flight of the ball. All subjects observed the same film as was shown for experiment 1. After
/ -

observing this tﬁlm all subjects saw a second film with the same model demonstrating 10 shots,
but in this film a 10 second blank film was inserted immediately after the model's hand completed
the follow through of the arm swing. At this point the projeétor was stopped and the subject was
asked to estimate the performance of the mode!r_ After the subject’s estimate, the film continued
and the subject saw the actual outcome. Subjects then practiced 10 trials as in experiment 1, were

shown the original modeling film and finally the second estimate test film.

The estimate data was arialyzed using a 4 x 2 (Modeling x Estimate Test) ANOVA. The
estimate scores were the difference between the subject’s estimate and the model's score.c The
results of the ANOVA indicated significant main effects for modeling F(3, 36) = 3.28, p<.05,
estimate testsif(l. 36) = 8.14, p<.01, and a significant modeling x estimate ‘iesl interaction F(3,
36) =854, p<.05. Individual comparisons on the interaction revealed that the correct model
group estimated significantly better on test 1 than the control group, and that the learning
secjuence model also estimated significantly better than the control group. Individual compari-
sons on the t::s;t main effect indicated that all four modeling conditioris improved signjﬁ'cantlyl in
estimating from test 1 to test 2. Theée results are evidence that the correct model and learning

sequence model conditions conveyed information about the force to be applied to the ball before

any actual practice on the task, 4

The performance data was analyzed using 2 4 x 10 (Modeling x Trials) ANOVA for alge-
braic error. This analysis produced a significant modeling effect F(3, 36) = 2.45, p<.08. Post -
hoc analyses indicated that the correct model group was significantly bétter than the control

group. The block effect was also significant F(9, 324) = 17.23, p<.001, indicating improvement

with practice.

These two experiments showed that subjects in the correct model and leaming sequence 7

model groups gained information through observation and this information facilitated perform-
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ance for the initial 10 trials. They also suggest that the task demands were acquired quite rapidly
in tt;s of knowing what to do. Knowing"what to do is considered the cognitive component of a
motor skill. Bandura (1977) suggests that through demonstration a person may learn what to do,
but if he does not have the motor capacity to make the response required for correct performance,
he is incapable of demonstrat.iﬁé what has been learned. In the present experiments, the refine-
ment of the motor skill did not require more 'information {observation), but practice. Thus, fur-

ther demonstration of the skill was not beneficial, but additional practice was.-

Ross, Bird, Doody, and Zoeller (1985) also examined modeling and videotape feed-
back, but they added knowledge of results as a variable, They hypothesized that information
acquired through model observation could provide as rich a basis for coguitive representation as
acquired by means of kniowledge of results, and that if Bandura's (1982) hypothesis was correct,
observational ieaming should generate better relentionl. A barrier knock-down task with a criteri-
on movement time of 2100 ms was used. Subjects were randomly assigned to one of four groups:
Correct Model Group where a block of trials consisted of four model presentations followed by
two knowledge of results physical practice trials; Combination Model—Viﬂeotape Feadback

W
Group in which subjects viewed two correct model presentations, performed a lmoﬁvledge of
results physical trial, viewed vide_otépe feedback of that response, then repeated another knowl-
edge of results physical response followed by videotape feedback. For the Videotape Feedback
Group, three lmow;i?:dge of results practice trials followed by videotape feedi:ack made up a
block of trials , and the Physical Practice Control Group performed six knowledgé of results
physical trials. Following acquisition subjects were transferred to a no-knowledge of results
physical practice condition and 48 hours later performed a retention test, without knowledge of

results.

The analysis for AE over the acquisition period revealed a significant effect only for block,

F(9, 324) = 21.84, p<.0001, meaning that across conditions, subjects improved their performance.
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| The main effect for group was not significant indicating that the groups performed similarly prior
to transfer. Transfer data revealed a significant group effect, F(3, 32) = 3.27, p<.01, with Physi-
cal Practice and the Cormrect Model Groups exhibiting superior performance. Retention data
showed a significant group effect.for AE, F(3, 32) = 2.50, p<.07 and for total variability (E}, F(3,
32) = 2.43, p<.08, with the Correct Model subject§ performing the best. All Groups with the

exception of the Correct Model Group experienced a significant retention loss over the 48 hour

retention interval, F(7, 24) = 29,54, p<.01,

Observing a correct model throughout the acquisition period results in the development of a
stronger schema (Schmidt, 1975), or cognitive representation (Carroll and Bandura, 1985) for the
movement than does the conventional knowledge of results approach. However, this conclusion
may not be conipletely warranted because the subjects' received different amounts of physicz.ﬂ
pracﬁce. as well, some subjects received videotape feedback. The subjects in the Correct Model
and Conibinatiou Groups received 20 physical practice trials, whereas thé Videotape subjéx_:ts
received 30 physical practice trials and the Physical Prar;tir;e subjects received 60 trials. Thus, it
is difficult to interpret the results because of confounding of variables. Are the findings the result
of physical practice, knowledge of results, videotape feedbz;ck. or modéling? Would the results

" have beeq'fhe same if a group just médeled for 60 trials during acquisition and then physically
performed transfer and retention ? These findings are similar to Zelaznik and Spring (1976) and
together support Carroll and Bandura (1982), that vicarious means such as visual and auditory

models can be used quite effectively in developing a conceptual representation of a motor skill.

In 1987, Little and McCullagh attempted to replicate the findings of Ross et al. (1985); and
with the addition of a Relaﬁve-Knowledg;: of Results Group (20 knowledge of results out of 60
* trials), evaluate its effect on the leaming of a skill versus knowledgé of results on every tnal
The task and procedure was the same as that used by Ross et al. (1985), but now subjects were

transfeired to a novel situation where the movement time was 2500 ms. Subjects were assigned

D
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to either the Correct Model Group where a block of trials consisted .of four demonstrations fol-
lowed by two knowledge of results physical practice trials; the Relative-Knowledge of Resuits
Group who performed six physical practice with two random knowledge of results -tn'als; or the
All-Knowledge of Results Group who performed all knowledge of results physical trials. It was
hypothesized that the Relative-Knowledge of Results Group would perform better the All-
Knowledge of Resﬁlts Group and the Correct Model Gr9up throughout the task; and it was also

hypothesized that the Relative-Knowledge of Resuhs\Gmup would exhibit superior performance

on the novel transfer task. Four error terms were used to evaluate performance: constant error-

{CE), variable error, (VE)}, total error (E), and absolute error (AE). During acquisition, there
were no main effects for group for any of the dependent variables. The block effect was signifi-
cant as was the Group x Block interaction, for AE, CE, and E. In terms of the block main effect,

the trend was for groups to  decrease error over blocks, with all groups performing similarly pri-

or to immedicate transfer. However, for the interaction, no post-hoc analysis of the data was

reported. On immediate transfer the only significant group effect was for CE with the trend being
for subjects to undershoot the target time. In terms of accuracy, the All-Knowledge of Results
Group exhibited sup-enor performance The trend over blocks for AE and E was an increase in
error, with the Relative-Knowledge of Resilts Group having the lowest overall error at the end
of the fourth block. For delayed transfer, there was a significant block effect for CE and VE; and
a significant group effect for CE, with the all-knowledge of results and relative-knowledge of
results groups undershooting t.h; target and the Correct Model Group overshooting the target. In
terms of accuracy, the Correct Model Group.‘had the best performance. Although not significant,
there was an increase in AE for all conditions from immediate to delayed transfer. This is in
opposition to the finding of Ross et al. (1985), whose Correct Modet Group did not experience an
increase in AE over the retention interval. The only significant effect for novel transfer was a
block effect for CE, which did not support the hypothesis that the Relative-Knowledge of Results

Group would have superior performance, Because the Correct Model Groups suffered no decre-

S ———
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ment from transfer to retention, the findings of Ross et al. (1985) were not rep_lit:ated. As well,
the Relative-Knowledge of Results Group was not signiﬁcanﬂy better than the Cormrect Model

and All-Knowledge of Results groups thus the initial hypotheses were not supported leaving the

worth of kncwledge of results mtact

In 1985, Doody, Bird, and Ross  tested the hypothesis that the presentation of either an
auditory only, or auditory plus visual model would be more effective during the acquisition of a

motor task than would presentation of a visual model. The apparatus was identical to that used

by Ross et al. (1985). Subjects were randomly assigned to the Control, Audio, Visual, or Audio

.

plus Visual Experimental Groups. The physical Control Group performed 10 trials followed by
knowledge of results; and the Modeling Groups were given three presentations of the model per-
formance followed by the performance of 10 knowledge of results physical trials interspersed

with 50 presentations of the model. A No-knowledge of results transfer was also performed fol-

lowing the acquisition period. An analysis of the acquisition data for AE revealed significant

o
main effects for trial, F(9, 396) = 19.6, p<.0001, and group, F(3, 44) = 3.86, p<.025. All groups
improved over acquisition with the Audio and Audio plus Visual Groups having significantly

lower emror scores.

The transfer data was measured using root -mean sciuare error (E), VE, and CE,
Because AE was excluded, no comparison is possible between the acquisition and transfer data.
The analysis for E revealed superior perforrnpnce for the Auditory groups with a significant
increase in error across trials. The analysis of VE revealed no significant main effects. Six\nikn'
results were obtained for CE with exéeplion of a significant block effect. The Audio Group was

% 4 %
the most accurate, but all Group CE's indicated undershooting of the target. Thus, the presence

of an Auditory Model appears to have been a critical factor in the acquisition of the skill.

Again, these results in favour of modeling may be a little prémature, as the groups were not
equated in terms of total exposite to the skill. Thus, these results may be the result of increased

task exposure, rather than an actual modeling effect.
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In 1987, ﬁcCuﬂagh and Little attempted to extend the findings of Doody et al. (‘1985) by
separating the effects of modeling and knowledge of resuits. All subjects in the Doody ét al.
(1985) modeling groups received imowledge of results, thus if is not clear whether subjects can

construct an accurate cognitive representation based only on modeling. The subject groups in

Doody et al. (1985) were also not equated in terms of task exposures, which McCullagh and Lit-

tle (1987) tried to achieve,

The three modeling groups were Visual, Auditory,and  Visual plus Audilor)lr. All Mod-
eling subjects received 8 blocks of trials with a block consisting of 5 correct demonstration trials
followed by 5 physical practice No-knowledge of results trials. The Physical Practice Group
also performed 8 block§ of trials, comprised of S knowledge of results practice trials followed by
5 No-knowledge of results praétice trials. This resulted in 40 trials per subject as only the No-
knowiedgé of results trials data was analyzed. subjects were tested for immediate, delayed and

novel transfer. The apparatus was identical to that used by Doody et al. (1985).

The acquisition results for AE revealed a significant group  effect with the Physical
Practice, No-Knowledge of Results Group exhibiting the lbwest emmor score. The-block effect
was also significant indicating Lilat subjects improved over practice. There was also a significant
block effect for CE-and VE, 7as well as a significant group effect for VE with the Visual plus
Auditory Group being the most consistent. On immediate transfer there was a significant group
effect for VE with the Visual plus Auditory Group maintaining its superior consistency. There
was also a significant block effect fqr CE with a general trend of undershooting the target. The

Group x Block interaction was also significant indicating that the groups did not behave in a simi-

lar manner across the blocks. For delayed transfer, the Group x Block interaction was significant

for both AE and VE; as well as a significant block effect for VE with the trend being to increase

consistency across blocks. The only significant main effect for the novel task was a block effect

for CE, with the subjects becoming more positive over trial blocks.
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Thus, ihese resnits support Doody et m in that an’ Auditory Model did facilitate
acquisition for AE and VE. The subjects became more accurate and more consistent in lmoci;ing
down the barriers in the prescribed time. In opposition to the findings of Doody et al. (1985), the
group that received physical practice intersperseci with knowledge of results and No-knowledge
of results trials performed better than the modeling groups during acquisition. In ligm of 1he find-
ings from this experiment and those of the past, the conclusion by Ross et al. (1985) and Doody
et al. (1985) that modeling can provide "as rich a basis for a cognitive representation as that
acquired by the usual knowledge of results pro;:edure" (p.l49) may require some revision. It is
now thought, that modeling coupled with knowledge of results provides for better performance
and learning. However, these studies hgve not been without weaknesses. The number of trials
have not always been equated, there is not consistent use of dependent variables, confounding of
knowledge of results is still taking place, and physical practice and modeling are still being con-
founded during acquiéition. Thus, there is a need to study modeling effects inde-[mnd?nt of other

variables that may modify performance,

- -
» .

In 1986, Adams added to the literature on leaming thrmfgh observation, by using a "learn-
ing model" who was a novice peﬁomer on the tas-k to bc learned. Thus, both the model and the
observer were learr;ing the task over the practice trials. This is somewhat similar to the earlier
work done by Zelaznik and Spring (1976), in that the observer rece.ives in.fonnatidn pertaining to
a fellow subject's performance. However, Zelaznik and Spring (1976) only provided subjects
with auditory sensory consequences of tﬁe task and knowledge of results on only a portion of the

trials; whereas, Adams’ observers received full sensory consequences as well as the model's

knowledge of results.

Adams predicted that in receiving knowledge of results  about the learning model's per-
. M v > . .
formance on the last trial from an external source, the observer should be able to relate it to his

subjectively perceived error and hypothesize the correction that is required on the next trial, just

-
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as the model does. The observer can check the adequacy of the hypothesis on the next trial, again
as the model does. On the other hand, an observer who only watches a model learn would pre-
sumably be passive in forming a cognitive representation of the model's response. The observer

sees the model's behavior change over the learning trials, but has no idea why it changes.

When allowed to practice the task, the observer who watched and received the leaqug'/
model's knowledge of results, would have a more positive transfer than the observer who did not
receive knowledge of results. This is due to the superior cognitive representation and the observ-

er's experience in response appraisal and hypothesis formation.

This predlcnon was tested usmg a two-(hmensmual control stick simulation task. The sim-
ulation was based on a mathematical model which allowed the variables to be mampulated exper-
imentally, The task was a thrée segment movement pattern with each segment having its own

liming component.

Subjects were assigned t6 one of Lhko-groups. Group Observer No-Kno'wledge of Results
was a standard observational learning condition in which the observer watched the model pe:r-
form. The observer watched the model perform in Session 1 and then practiced the task alone in
Session 2. The model in Session 1 ﬁas provided visuall knowledge of results in such a way that
the observer could not see it, and the observer feceived visually presented knowledge of results
about his/her own performa.nce'in Session 2. Group Observer-Knowledge of Results had the
same operations as the subjects in the Observer No-Knowled'ge of Results Group, ex;;;; that
they received the knowledge of results of the model in Session 1. The subjects in the Control

Group practiced alone with visually presented knowledge of results. A session consisted of 50

trials, where a trial was one response. 1y

Means of five-trial blocks were computed for each subject, and these scores were used in
all analyses. The segments were analyzed in terms of response time over Trials 1-5 and Trials

1 .
46-50. Goal error was also analyzed over those trials as computed from the mathematical model.

A
"
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The results of the A;NOVA for segment 1, Trials 1-5 revealed a significant group effect,
F(2, 86) = 3.79, p<.05. T\-\tests perfcg:med on the significant data indicated that the Observer-
Knowledge of Results subjects and the Observer No-Knowledge of Results subjects were signifi-
cantly different from the Coﬁtxol Group with the t-values being t(86) = 2.27, p<.05 and 1(86) =
1.99, p<.05 respectively, There was no sig'niﬁcant difference bet:v‘fee[_l the two Observer gfoups.
The results were identical for segment 2, F(2, 86) = 5.23, p<.01 with the t-vah:;: for the Observer-
Knowledge of Results versus Control Group equal to t(éG) =u2.14, p<.05, and Observer No-
Knowledge of Results versus Control Group equal to 1(86) = 2.82, p<.01.- The analysis on seg-
ment 3 revealed no signiﬁcant differences. A signi.ﬁc_ant effect emerged from the goal error
analysis, F(2, 86) = 8.72, p<.0l. ﬁ_&gajn the ‘\Observer-Knowledge of Results Group and the
Observer No-Knowledge of Results Group’ were significantly better than the Controt Group with
the t-values being t(86) = 3.37, p<.0l and t(86) = 3.10, p<.01 respectively. None of the analyses

- over Trials 46-50 revealed significant effects.

\ .

Adams noted that later in trials, the Observer No-Knowledge of Résults subjects stabilize
at tﬁe level of the Control Group thereby losing their initial advantage. Although not significant,
the Observer-Knowledge of Results sybjects maintain superiority t.hroughouf. If the observers
were learning from their models, then there should be a relationship between the performance of
the: oEserver and the performance of the model. Trial;‘;_l-Sﬁ for the observers were coxrelateq w?l.h
Trials 46-50 of I.héi.l‘ models. All the correlations were significant with the exception of segment

-

2 for the Observer-Knowledge of Results Group.

Thus, the initial prediction of Observer-Knov;rledge ;)f Results ~ Group superiority was
supported. However, it must be noted that there was no significant difference between the two
. observer groups on any measure. From this study it i'sﬁ ot possible to say whether watching a
"learning” model is better than watching a skilled mMehmﬂ work must be done to examine

this idea.
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Acquisition Hypotheses

Hok There will be no difference in initial performance regardless of prior task expo-
sures.

Ha(l) Prior task exﬁosure will fesult in more accurate/consistent initial performance

_ than no prior task exposure. .
Ha(2) An initial eight physical przicti-ce trials will result in more accurate/consistent ini-
-tial performance than viewing a model but not receiving th(;, model's knowledge
of results,

Ha(3) An initial eight physical practice triﬂs ‘will result in more accmte/consistént ini-
tial performance than yiie\v{ving a model and receiving the model's knowledge of
results. ‘

Ha(4) - An initial eight physical practice trials will result in more accurate/consistent ini-

f tial performance than viewing a skilled modet. ’

Ha(5) An mmal eight physical practice trials will result in more accurate/consistent ini-
tial performance than viewing an unskilled model.

Ha(6) V,iéwing an unskilled model will result in more accurate/consistent ‘initial per-
formance than viewing a skilled model.

Ha(7) Receiving the model's kncwledge of results will result in more accurate/

Appendix B
HYPOTHESES FOR EXPERIMENT ONE

consistent initial performance than not receiving the model's knowledge of

resuits.
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Retention Hypotheses

Hol

“Ha(l)

Ha(2)

Ha(3)

Ha(4)

Ha($)

Ha(6)

Ha(7)

There will be no difference in the accuracy/consistency retained by the 'six

~ experimental groups following the 24 hour retention interval.

Prior task exposﬁrg. will result in more accurate/consistent éerformance follow-
ing the retention interval than no prior task exposure.

An initial eight physical practice trials will result in more accurate/consistent per-
formance following retention thatn viewing a model but not receiving the model's
knowledge of results.

An initial eight physical practice trials will result in more accurate/consistent per-
formance following retention than viewing a model and receiving the model's
knowledge of results.

An initial eight physical practicé trials will re;ult in more accﬁ.rate/cousisteut per-
formance following retention than viewing a skilled model.

An initial eight physical practice trials will result in more accurate/consistent per-

formance following retention than viewing an unskilled model.

Viewing an unskilled model. will fesult in more accurate/consistent performance
following retention than viewing a skilled model.

Receiving the model's knowledge of results will result in more accurate/
consistent performance following retention “than ‘mot receiving the model's

knowledge of results.

D%



Appendix C
"~ DEFINITIONAL FLOWCHART

In order to fully appreciate and interpret literature that iﬁvol_ves knowledge of results,’it is
- essential that one understand‘ the tenﬁhologSr used by the various researchers. In many studies
knowledge of results and knowledge of performance are confounded which makes their influ-
ence difficult to ascertain (Satmoni, Schmidt, & Walter, 1984). Sever_al_ researchers have termed
visual, auditory, and proprioceptive information "feedbacic" A(Carroll & Bandura, 1982, 1985,

1987; Martens, Burwitz, & Zuckerman, 1976; Newell, 1974; Schmidt & Wrisberg, 1973; Zelaz-

nik & Spring, 1976), while others have maintained that visual, auditory and proprioceptive infor-

mation is knowledge of results (Adams, 1986; Adams, Goetz, & Marskall, 1972; Church &

Camp, 1965; Doody, Bird, & Ross, 1985, Hendersom&975; Holding, 1965; Little & McCullagi;, :

1987; McCullagh & Little, 1987; Ross, Bird, Doody, & Zoeller, 1985; Wallace & Hagler, 1979).
As well, receiving information vicariously has never been considered a component in the knowl-

edge of results framework.

To avoid confusion, the following definitions have been adopted. Feedback, is the generic
expression used to include all exteroceptive and proprioceptive inf;nnatiou received by the pér-
_ forfner és a result of movement, and is comprised of two general types: knowledge of results and
| knowledge of performance. The major distinction between them is that.lmo-wledgé of results
relates 1o response outcome, whereas lcnov;tledge of performance relates to th;e movement per se.

In other wordé, knowledge of resulis is either the outcome of the movement iaroduce d, or the dif-

ference between the outcome and the perforinance goal; knowledge of performance ish

\f

\nforma-
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tion about the movement pattern used by the performer to produce the outcome. Both knowledge
% . - s - . .
of results (vismn!audmon) and knowledge of performance (vision/audition/ proprioception) are

verbahzable they can be provided concurrently or terminally; and the information can be ‘either
T\ LY
: augmented or acquired directly. Exce‘pt for proprioception (KP) both visual and audnory.m.for-

-~

mation can relate to one's own performance, or can be received v1canously relatmg to the per-

formance ofanother. Below is a definitional flowchart.

w =
5’ -
! ) FEEDBACK
£ ' - :
KNOWLEDGE OF RESULTS KNOWLEDGE OQOF PERFORMANCE
(verbalizeable - (visual, ‘auditory,
informatidn) ' kinesthetic information)

¥ g

1
|
]

— ":. .
'\" Vicatious * ’,_N\

<>
’ concurrent terminal l concurrent ' terminal
— . ‘ ,
~
. 2
L o X
augmehted direct augmented direct

* except kinesthetic information

S

~t



Ap‘gendix D

N

MODEL INFORMATION

©

The two models used in the present experiment were adult fe@ale v.olunteers from the
Windsor community. ‘E.achum.odel was required to altenq a 30 minute videotaping session, within
which time, each model threw eight darts at the dart board with the objective of hitting the bull’s-
eye. The camera was 4.75 meters from the subject at an angle of 47 degrees which al'lowed the
entire body to be viewed. The landing of each da:t on the board was not filmed, in order to make
the verbal knowledge of results that the subje;ts would receive more meaningful. The models
performed in a light room, from the regulation distance of 2.37 meters. The models were provid-

ed with visual, not verbal knowledge of results during the testing session. One of the models was

a skilled performer, while the other was a novice performer throwing for the first time. Their

respective information is located in the table below:

- 46 -
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Personal and performance information for the skilled and unskilled model over the
eight performance trials for dart throwing ' '

Skilled . Unskilled
Gender: Female Gender: Female ;
Age: 32 years ' Age: 53 years,
Experience: 15 years Experience: None

Performance measures over the eight trials:

CE: -1.69 ecm " CE: - 5.02 cm

ACE: 1.69 cm ACE: 5.02 cm
VE: 5.70 cm : VE: 1l4.84 cm

E: 5.95 cm E: 15.67 cm
AE:

5.29 cm AE: 12.53 cm

As is evident from the above table, the skilled model was approximately three times more accu-
rate, and two and a half times more consistent than the unskilled model, over the eight perform-
ance trials. In both cases, the majority of the error present was the result of variability and not

accuracy.

T
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Appendix F |
ANOVA AND MEANS TABLES FOR ANALYSES FROM
~ EXPERIMENT ONE

.\. ’ . . ‘]

-

Comparison of Control Groups’ Initial Performance

v

r

Table 1 - One-way ANOVA for C60 versus C68 for the first trial of practice for dart
throwing. . : ‘ -

L4

Treatment Variable = Groups

. Ss DF MS - F
Between: -576.99 1 576.99 5.00
Within: 923.61 8 115.45

Total: - 1500.60 9

Table 1a - Means and Standard Deviations for. C60 versus C68 on the first trial of
acquisition for dart throwing. - '

Group ACE (cm)

C(60) 33.71 (14.73)
c(68) 18.52 ( 3.73) '

mean (SD) £

-49-
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‘The Effects of Prior Experimental Conditions of Initial Performance
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'\0

Table 2 - One-way ANOVA for the six expenmental conditions on the first block of
practice for absolute constant error in dart tlu‘owmg

Treatment Variable = Groups

3 Ss DF - MS F
Between: 485.60 5 97.12 0.59
Within: 3915.69 24 163.15 :
-Total: 4401.28 25
W

Wi

N

Table 2} One-way ANOVA for the six expenmentaL conditions on the first block of
acquisition for variable error in dart throwing, :.‘\:--‘ < -

‘Treatment Variable = Groups

Ss DF MS . F
Between: 582,94 5 116.59 - 0.82
Within: 3408.88 24 142.04
Total: R 3991:82 29
. —

)
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Table 2b - One-way ANOVA for the six experimental conditions on block one of
acquisition for total error in dart throwing. :

Treatment Variable = Groups'

53 DF . MSs : F
Between: 1001.73 5 200.35 2.02
Within: . 2379.18 . 24 99.13 % :
‘Total:  ~  3380.91 73
»
T
——\‘_,\‘

Table 2¢ - Means and Standard Deviations for the six_gxperimental conditions on the
first block of acquisition for dart throwing. :

Group f‘CE {cm) . . VE  (cm) E {(cm)

SKR 15.01 (13.06) 22,15 (12.03) 29.75 (10.18)
'SNKR  22.21 (17.96) 24.00 (20.48) 38.31 (15.63)
USKR 13.75 ( 6.90)* 15.89 ( 8.60) 21.91 ( 8.56) -
USNKR 10.83 ( 5.15) 19.62 ( 9.65) 23.56.( 7.33)
c(60) 20.98 (17.77) 16.14 { 9.45) 30.91 ( S5.33)
c{68) 18.29 ( 9.78) 10.72 ( 5.63) 22.91 ( 5(7@{

mean (SD)




Table 3 - Skill Level of the Model x Model's Knowledge of Results (2 x 2) ANOVA
over the first block of trials for absolute constant error in dart throwing.

-

Row Variable = Model's Knowledge of Results
Column Variable = Model's Skill Level

§S ~ DF MS F
Row Variable: 32.79 1 22.79  0.16
Column Variable: 199,90 1 -199.90 1.41
Interaction: 128.17 1 128.17 0.80
Error Within: 2269.19 16 141.82
Total: S 2620.05 19

B N

Table 3a - Skill Level of the Model x Model's Knowledge of Results (2 x 2) ANOVA
over the first block of trials for variable error in dart throwing.

"'\1‘

Row Variable = Model's Knowledge of Results
Column Variable = Model's Skill Level

S8 DF MS F
Row Variable: 38.98 1 38.98 0.21
Column Variable: 141.30 1 141.30 0.77
Interaction: 4.44 1 4.44 0.02
Error Within: 2924.58 16 182.79
Total: 3109.30 19

* -
-
K

A




~ Table 3b - Skill Level of the Model x Model's Knowledge Results (2x 2) ANOVA over
. the first block of trials for total error in dart throwing.

Row Variable = Model's Knowledge of Results
Column Variable = Model's Skill Level

58 DF MS F
Row Variable: 130.20 1 130.20 1.10
Column Variable: 637.66 1 637.66 5.37 *
Interaction: 59.75 1 59.75 0.50
Error Within: 1899.17 16 "118.70
Total: 2726.78 19
* p<,05

Table 3¢ - Means and Standard Deviations for the (Skill Level of the Model x Model's

Knowledge of Results) 2 x 2 ANOVA on the first block of acquisition for dart throw-
ing. ’

Group ACE. {cm) VE (cm) E (cm)

Skilled 18.61 (15.28) 23.07 (15.86) 34.03 (13.23)
Unskilled 12.29 ( 5.95) 17.76 ( 8.84) 22.74 ( 7.56)
KR 14.38 ( 9.87) 19.02 (10.39) 25.83 ( 9.78)
No-KR 16.52 (13.83) 21.81 (15.27) 30.93 (13.89)

-

mean (SD)

EShY
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Table 4 - Skill Level of the Model x Model's Knowledge of Results (2 x 2) ANOVA
over the first trial for absolute constant error in dart throwing.

.Row Variable = Model's KR
Column Variable = Model's Skill Level

ss . DF MS F

Row Vardiable: 279,68 1 279.68 1.42 .
Column Variable: 587.85 1 587.85 2.98

Interaction: 1023.17 1 1023.17 5.18 * /
Error Within: 3159.74 16 197.48 T
Total: : 5050.44 18

* p<.05 . _ . "

54
Table 4a - Means and Standard Deviations for the (Skill Level of the Model x Model's
Knowledge of Results) 2 x 2 ANOVA on the first trial of acquisition for dart throwing.
Group ACE (cm) | .
Skilled— 3187 (18.93) (
Unskilled 21.03 .(11.72) -
KR 22.71 (14.12)
No-KR 30.19 (18.18)
mean (SD)

&
@

3
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Table 5 - One-way ANOVA for C60 versus G68 for the first trial of practice subsequent
to the initial eight practice trials for absolute erro}in{rt throwing.
Treatment Vari able = Groups /_\
55 DF MS F
Between: 1142.33 1 1142.33 2.26 * s P
Within: 986.61 8 123,33 / ye
: : / o
- T _é‘ -
Total: . 2128.94 9 , \J_/_!
* p<,05
Lok
Table 5a - Means and Standard Deviations for C60 versus C68 on the first trial of prac-
tice subsequent 1o the initial eight practice trials for dart throwing.
Grdup . ACE (cm) ' \V/'
AN
c(e0) 33.71 (14.73) . —
C(68) 12.33 ( 5.45)
mean (SD}
/
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The Interaction of Prior Conditions and Si ubsequent Physical Practice on Acquisition

4

Table 6 - Group x Block (6 x 15) RM ANOVA‘for absolute constant error dart throwing
over the practice period. ¢ P

» . L PRy -
Yariable A = Groups ‘ ~
variable R = Blocks o

S8 DF ~ MS E

Between Subj.: 25216.67 29
A (Treatment) : 5822.51 5 1164.50 1.44
Subj W.Groups: 19394.16 24 808.09
Within Subj: 52083.84 420
Rep Measure: 847.64 14 60.55 0.46 .
Interaction: 6913.09 . 70 88.76 0.75
Error Within: 44323.10 336 131.91
Total: 7 77300.51 449

Table 6a - Group x Block (6 x 15) RM ANOVA for vanable error in dart th:owmg
over the acquisition period.

Variable A = Groups

Variable B Blocks ,

s SS ~ DF MS = F
Between Subj.: 18905.28 29 -
A (Treatment): 5793.22 5 1158.64 2.12
Subj. W. Groups: = 13112.05 24 546.34
Within Subj.: 42060.69 420
Rep. Measure: 1790.21 14 127.87 1.32
Interaction: 7820.63 70\ 111.72 1.16
Error Within: ¥ 32449.85 - 336 96.58
Total:. ' : 60965.97 449
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Table 6b - Group x Block 6x15)RM ANOVA for total error m dart th.rowmg overthe

acquisition period. -

Variable A = Groups

Variable B = Blocks

SS DF MS

~ Between Subj.: 40257.06 29

A (Treatment): 13041.16 5 2608.23 .30

Subj. W. Groups: 27215.91 24 1134.00

Within Subij.: 34696.68 7/ 420 -

Rep. Measure: 733.15. 14 52.37 .59
. Interaction: 4258.36 70 60.83 .69

Error - Within: 29705.17 336 88.41

.Total: 74953.74 449

-
®

Table 6¢ - Means and Standard Deviations for the six expenmental groups over the 15
performance blocks for dart throwmg

Groups ACE (cm) VE (cm) E (cm}
SKR 17.87 (13.11) 20.36 (13.03) 29.59 (13.80)
SNKR .20.16 (15.71). .22.06 (15.71) 33.70 ' (15.59)
USKR 12.52 (8.79) -12.96 ( 8.61) 20.52 ( 7.40)
USNKR 18.74 (14.19) .15.72 (10.02) 27.20 (12.60)
c(eld) 20.78 (14.12) 16.39 (10.90) 29.61 (11.66)
C(68) 11.56 ( 8.31) 12.21 ©18.34

( 6.34)

(- 7.32)

mean (SD)

Rt
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Table 7 - Skill Level of the Model x Model's Kffgwledge of Resulis. x Block (2x2x
15) RM ANOVA for absolute constant error in dart throwing over the practice period.
A = Skill Level of the Model
B = Model's Knowledge of Results
R = Blocks . ‘ T
55 DF MS F
Between Subj: - 17573.52 19 s ]
Variable A: : 856.83 ‘1R 856.83 0.91
Variable B:* 1357.92 1 ~ 1357.92 1.44
A X B: : 287.8% 1 287.85 0.31
rror-Betwn: . 150Q70.92 16 941.93
* Within Subj: 36530.92 280 . -
Rep Measures: 1307.69 14 : 893.41 Q.67 ™p .,
“A X R: 1469.36 .14 104.95 0.75 o)
B X R: o 1457.11 14 104.08: 0.75.-
A X B X R: 1008.08 14 . 72.01 0.52
Error Within: 31288.68 224 +139.68 .
. Total: 54104.44 299 = -
: - _
. ‘})
L
Y
i 8
<
. ooh
w5 (Z"‘
- »k.,” .
~. '
) i
: ) 4 ‘
. .~ o~
~ ’ ¢ ?
~ 2 -
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R
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Table 7a - Skill &v-el of the Model x Model's Knowledge of Results x Block (2x 2 x
15} RM ANOVA for vatiable error in dart throwing over the acquisition period.

- ﬁ"%
A = Skill Level of the Model
{-~B ="Model's Knowledge of Results
R = Blocks - -
' Ss DF _MS F
‘Between Subj.: 15511.99 19
Variable A: 3538.12 1 3538.12 4.85 *
Variable B: 374.93 1 374.93 - -0.52
A x B: 21.29 1 21.2 0.03
Error-Betwh.: 11577.64 16 723.60
Within Subj.: 31838.88 280
Rep. Measure: 7  2331.92 14 166.5N_ 1.59
- A x R: 2306.30 14 164.74 .57
B x R: 1507.61 14 107.69 . 1.03
AxB x R: 2179.66 - 14 155.69 1.48
Error Within: 23513.39 224 104.97
Toggl: _ - 47350.87 299
. ‘ =
* {cos — =
P -
el
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Table 7b - Skill Level of the Model x Model's Kuowledge of Results x Block 2 x 2 x

15) RM ANOVA for total error in dart Lhrowmg over the acquisition period.

A = 5kill Level of the Model
B = Model's Knowledge of Results
R = Block - ,

S5 DF MS F
Between Subj.: 29436.31 i3
Variable A: 4548.66 1 4548.66 3.22
Variable B: 2184.08 1 2184.08 1.55
A x B: 123.19 1 123.19 0.09
Error—-Betwn.: 22580.38 16 1411.27
Within Subj.: 25300.27, 280 ,
Rep. Measure: 1111.44 14 79.39 0.83
A x R: 853.02 14 60.93 0.64
B x R: 505.08 14 36.08 0.38
A.x B x R: 1383.59 14 98.83 1.03
Error-Within: 21447.13 224 95.75
Total: 54736.58 229

1

Table 7c - Means and Standard Deviations for the (Skill Level of the Model x Model's

Knowledge of Results x Block) 2 x 2 x 15 RM ANOVA over acquisition for dart throw-

ing,

—h
Groups ACE (cm) VE (cm) E (cm)
Skilled 19.01 (14.46) 21.21 (14.34) 31.65 (14.82)
Unsgkilled 15.63 (12.17) 14.34 ( 9.41) 23.86 (10.83)
KR 15.19 (11.44) 16.66 (11.611 25.05 (11.94)
No-KR + 19.45 (14.94) 18.89 (13.43) 30.45 {14.50)

mean: (SD)




«Lhe Performance Level Retained

61

r

Table 8 - Group x Block (6 x 2) RM ANOVA for absolute constant error in dart throw-
ing between the last block of practice and the first block of retention.

Variable A = Groups
Variable R = Blocks ' -

S8 DF MS F

- -

Between Subij.: 4871.51 29
A {(Treatment) : 1732.60 5 346.52 2.65 *
Subj W.Groups: 3138.90 24 130.79 ‘
Within Subj: 2981.45 30
Rep Measure: 22.80 1 22.80 0.20
Interaction: 259.11 5 51.82 0.46
Error Within: 2699.53 24 112.48
Total: 7852.96 59
* p<,05

Table 8a - Group x Block (6 x 2) RM ANOVA for variable error in dart throwing
between the last block of practice and the first block of retention.

Variable A = Groups

Variable R = Blocks .

S5 DF MS F
Between Subj.: 8101.02 29 -
A (Treatment): 3210.55 5 642.11 3.15 *
Subij W.Groups: 4890.47 24 203.77
Within Subj: 3667.21 30
Rep Measure: 319.89 1 319.89 2.50
Interaction: ‘ 278.21 5 55.64 0,44
Error Within: 3069.12 24 127.88
Total: 11768.23 59

* p<,.05
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Table 8b - Group x Bleck (6 x 2) RM ANOVA for total error in dart throwing between
the last block of practice and the first block of retention.

Variable A = Groups N
"Variable R = Blocks
58 DF MS F

Between Subj.: 8794.57 29
A (Treatment) : 2823.31 5 564.66 2.27
Subj W.Groups: 5971.26 24 248.80
Within Subj: 1737.48 30
Rep Measure: 227.84 1 227.84 3.75
Interaction: . '51.53 5 10.31 0.17
Error Within: 1458.11 24 60.75 '
Total: T 10532.05 59

a

-
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T{ble 8c - Means and Standard Deviations for the six ‘experimental conditions for the
last block of practice (15) and the first block of retention (1) for dart th_rowing.

ACE (cm) VE (cm) E (cm)

Block 15 1 15 1 15 1
Group
SKR 12.72 8.53 30.26 33.69 33.31 37.75

{ 9.75) ( 8.15) (16.45) (27.28) (18.05) (23.20)
SNKR 16.23 18.74 15.23 22.18 25.21 28.23
(13.62) (11.72) ( 6.18) (15.57) { 6.99) (13.02)

-"BDSKR  12.84 14.64 6.20 13.32 15.46 21.81
(10.30) (10.30) ( 3.29) ( 4.76) ( 8.50) { 4.83)
uUs 14.90. 13.20 11.26 20.27 21.46 26.29

(13.34) ( 7.02) ( 6.49) (13.95) (.8.97) (11.46)
c(60) 27.15 27.02 12.46 17.33 33.73 34.10
(17.97) ( 9.41) (11.01) (15.11) (1i1.76) (12.21)
C(68) 8.24 17.34 13.02 8.97 15.48 19.84
( 2.33) (10.86) ( 4.08) ( 7.63) ( 4.40) (12.67)

i

’/;ean(15)= 15.35 14.74 24.11
(12.59) (11.25) (12.34)
mean(l) = 16.58 19.36 28.00
(10.56) - (16.38) : (14.25)
mean -
(SD)
&_ .

L



Table 9 - Skill Level of the Model x Model's_Knofwledge of Results x Trial (2 x2x2)

RM ANOVA for absolute error in dart throwing over the retention interval.

A = Skill Level of the Model
B = Model's Knowledge of Results
R = Trials ‘

S5 DF MS F
Between Subj: 7964.36 19
Variable A: 1453.95 1 1453.95 3.99
Variable B: 437.71 1- 437.71 1.20
A X B: 250.20 1 250.20 0.69
Error—-Betwn: 5822.50 16 363.91
Within Subj: 4672.38 20
Rep Measures: 298.00 1 298.00 1.10
A X R: 25.00 1 25.60° 0.92
B X R: 0.007 1 0.007 0.00003

A XB X R: 15.50 1 15.50 0.06

Error Within: 4333.87 16 270.87
Total: 12636.74 39

&

'
*

Table 9a - Means and Standard Deviations for the {Skill Level of the Model x Model's
Knowledge of Results x Trial) RM ANOVA between the last trial of acqmsmon and

the first trial of retention.

Group ACE (cm)
A

Skilled - 30.59 (19.60)
Unskilled 18.53 (14.29)
KR 21.25 (16.99)
No~KR 27.87 (18.80)
Trial 60 21.83 (11.19)
Trial 1 27.29 (22.90)
mean (SD)




Appendix G
HYPOTHESES FOR EXPERIMENT TWQ

Acqui'siﬁon Hypotheses

Hol

There will be no difference in performance over the 15 practice blocks for each

dependent variable, among the three experimental groups.

Ha(l) | The Verbal plus Visual Knowledge of Results Group will exhibit the most accu-
rate performance over acquisition. ‘

Ha(2) TheVerbal plus Visual Knowledge of Results Group will exhibit -the most con-
sistent performance over acquisition. .

Ha(3) The Verbal plus Visual Knowledge of Results Graup wili have the lowest total

| error o-ver ac;quisition. |

Retention Hypotheses |

Hol There will be no differen'ce in the accuracy/consistency rgtained f(;llowiné the 24
hour retenﬁon interval among the three experimental groups.

Ha(1) The Verbal plus Visual Knowledge of Results Grup will be the most accurate

following the retention interval,

Ha(2) The Verbal plu:s Visual Knowledge of Results Group wi\ll\ be the most consistent
following the retention interval, \

Ha(3)

The Verbal plus Visual Knowledge of Results Group will haye the lowest total

error following the retention interval.




Appendix H
=
ANOVA AND MEANS TABLES FOR ANALYSES FROM

EXPERIMENT TWO "?;\ :

Group Equivalency Test

{

Table 1 - Oné-way ANOVA for the three experimental conditions on the first practice
trial for absolute error in dart throwing. '

Treatment Variable = Groups

ss DF MS F
Between: 340.29 2 170.14 0.73
Within: 2787.98 12 232.33

Total: 3128.27 14

Table 1a - Means and Standard Deviations for the three experimental groups on the first
trial of acquisition for dart throwing.

Groups ACE (cm)

Verbal  22.27 (13.20) | ;//K
Visual  29.15 (22717) - /
_Ver/vis '17.55 (15.60) /
‘mean (SD) - _ 7

7



The Effects of Knowledge of Results and Physical Practice on Acquisition
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Table 2 - Group x Block (3. x 15) RM ANOVA for absolute constant error in dart
throwing over the pragjice period.
J‘-Q’ ¢
Variable A = Groups
«| Variable R = Blocks _
5SS DFE MS F
AN,
Between Subj.: . 3161.39 14 : J
A (Treatment) : 13.04 2 6.52 9/62’—“f‘\\_
Subj W.Groups: 3148.35 12 262.36 |
Within Subj: 16793.43 210 \ .
Rep Measure: 1478.74 14 105.62 1.30
Interaction: 1640.99 - 28 58.61 0.72
Error Within: 13673.70 1568 - B1.39
“.
Total: 19954.82 224
.
)ﬁ—

the practice period.

/
1

LY

Table 2a - Groyup x Blogk (3 x 15) RM ANOVA for variable error in dart throwing over

Variable A

= Groups
Variable B = Blocks

S8 DF " MS F
Between Subj.: 4543.83 14 ]
A (Treatment): 375.82 2 - 187.91 0.54
Subj. W. Groups: 4168.01 12 347.33
Within Subj.: 11308.61° 210
Rep. Measure: 797.38 14 56.9¢6 1.02
Interaction: 1173.93 28 41.93 0.75
Error Within: 9337.31. 168 55.58
rammTE TN
, Total: 15852.44 224 : \>
§ . J
X

h!

T,
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Table 2b - Group x Block (3 x 15) RM ANOVA for total error in dart throwing over the
practice period.

Variable A = Groups

Variable B = Blocks

» . : S8 DF MS ‘F
Between Subj.: 6879_80 14

A {(Treatment) : 186.17 2 93.08 0.17
Subj. W. Groups: 6693.63" 12 - 557.80

Within Subj.: 11737.86 210

Rep. Measure: 1009.08 14 72.08 1.23
Interaction: ' 850.82 28 30.39 0.52
Error - Within: 9877.95 168 58.80

Total: 18617.66 224

Table 2¢ - Means and Standard Deviations for the three experimental groups over the
acquisition period for dart throwing,

Y

Groups ACE (cm) \ VEI(cm) E (cm)

Verbal 14.70 ( 9.02) 10.89 ( 7.56) 19.98 ( 8.56)
Visual 14.70 (10.82) 13.84 ( B8.22) 22.17 ( 9.98)
Ver/vis {(14.19 ( 8.43) 13.37 ( 9.19» 21.41 ( 8.72)

mean {(SD)

I
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Table 3 - Group x Block (3 x 2) RM ANOVA for absolute constant error in dart throw-
ing between the last block of practice and the first block of retention. )

2146.15

£

Variable A = Groups
Variable R = Blocks

35 DF MS F

-~ Between Subj.: 1487.18 14 A

A }Tieatment) : 178.33 2 89.17 0.82
Subij“W.Groups: 1308.85 12 109.07 ;
Within Subj: 658.97 15
Rep Measure: 0.05 1 0.05 0.0009
Interaction: 13.44 2 6.72° 0.12
Error Within: 645.48 12 53.79%9
Total: 29

Table 3a - Group x Block (3 x 2). RM ANOVA for variable error in dart throwing
between the last block of practice and the first block of retention.

Variable A = Groups
Variable R = Blocks

S8 DF MS - F

Between Subj.: 967.76 14 -

<1 B (Treatment): 17.22 2 8.61 0.11
Subj W.Groups: 950.54 12 79.21
Within Subj: 1363.14 15
Rep Measure: 395.02 1 385.02 5.67 *
Interaction: 132.75 2 66.38 0.95
Error Within: B835.37 12 69.61 %

_ 3 _
Total: = 2330.90 29 8
. %
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Table 3b - Group x Block (3 x. 2) RM ANOVA—fo/ total error in dart throwing between
the last block of practice and the ﬁrst block of retention.

Variable A = Groups {
Variable R = Blocks

Ss DF MS F
Between SubJj.: 674.98 14 T\

A (Treatment): 81.96 2 40.58 Q.83
Subj W.Groups: 593,02 12 4942 \ -
Within Subj: 1036.66 15 ¢

!
235.26 3.85

Rep Measure: 235.26 1
Interaction: 68.51 2 34.26 0.56
Error Within: 732.89 12 61.07 -
Total: 1711, 64 29 |
=
v A4
.

Table 3¢ - Means and Standard Deviations for the three expenmenta.l conditions for the

last block of practice (15) and the ﬁrstﬁblock of retention (1) for dart throwing.
: : )
\
Group ACE (cm) 5 VE {(cm) E (cm)
Block 15 1 15 1 15 1

Verbal 11.76 13.89 7.69 20.41 16.22 25.96
{( 7.91) ( 7.85) ( 7.20) ( B.66) ( 5.68) ( 6.98)
Visual 18.90 18.42 11.02 13.51 23.43 26.04
(11.52) { 8.97) ( 5.48) (13.74) ( 8.66) ( B8.56)
Ver/Vis 15.70 14.50 9.43 16.00 19.16 23.61
( 8.40) ( 8.98) ( 4.86) (.8.78) ( 7.83) ( 6.90)

mean (15)= 15.46 9,38 19.61
{ 9.23) ( 5.67) { 7.46)
mean{l) = 15.54 16.63 25.21
{ 8.26) (10.30) ( 7.086)

mean
(SD)




Appendix |
COMPUTER PROGRAM FOR MEAS!JREMEh .EROM DIGITIZER

‘This computer program was used as a 'nh/ggg;eén the
digitizér and the Apple IIe computer so that measurement of the
dart's position in centimeters could be taken The program is
designed to print out the following 1nformat1 n: "X" - the
distance of .the dart from the bull's-eye in the X-direction;
"Y" - the distance of the dart from the bull's-eye in the
Y-direction; "L¥ - the actual distance of the dart from the
bull's-eye; "ANG" - the angle of the dart from the bull'g=eye

+ measured in radiansgs; and "TIME" - the position of the dar“‘on the

board with respect to a clockface. The only measure used in
the present studies was "L".
10 Z$ = CHR$ (4): REM CTR-Z
PRINT Z$;"PR#1" -
100 PRINT "SUBJECT'S NAME"
200 INPUT WWS
201 PRINT "BIRTHDATE"
202 INPUT WWS$
203 PRINT "GENDER"
204 INPUT WW$ ’ . o
205 PRINT ” x mw X n "L " "ANG
i n IITIDE '
300 PRINT : PRINT
400 PRINT 25;"INf2"
401 =0
500 GOSUB 6000
600 PRINT 2$;"PR#L1"
700 DS RIGHTS (AS$,6)
800 ES RIGHTS (BS,5)
900 X = VAL (E$)

o

1000 IF X > 30 THEN X = X ~ 100

1100 Y = VAL (D$) . -

1190 IF Y > 30 THEN ¥ = Y - 100- - .
1200 PRINT X,Y : ..

1201 PRINT Z$;"PR#O0" =~
1203 PRINT 2$;"PR#1"

11210 L=SQR((X—:2)+(Y—|2))
1220 X = X * 2.54 -
01225 Y =Y * 2,54

. 7 *



-

72

-

II;TH’. "w

X
1230 L =L * 2.54 4 .
/1231 IF X = 0 THEN TH = 1.57"
1232 IF X = 0 THEN GOTO 1250
1235 TH = ATN (Y / X) ,'“’g(’*f”/i
1250 IF X > = 0 AND TH > 0 THEN GOSUB 6200 _
1251 1IF x/2/= ¢ AND TH > (" THEN 'GOSUB 6210 ,—
1252 IF X, = 0 AND TH > 0 THEN GOSUB 6220
12531 IF X > = 0 AND TH > O THEN GOSUB 623(
1254&_;5 X > =0 BEND TH > 0 THEN GOSUB 6240,
1255 TIF X > = 0 AND TH > ¢ THEN GOSUB 6250
1260 IF X > 0 AND TH < 0 THEN GOSUB 7000
1261 IF X > 0 AND TH < 0 THEN GOSUB 7010
1262 IF'X > 0 AND TH < 0 THEN GOSUB 7020
1263 IF X > 0 AND TH < 0 THEN GOSUB 7030
1264 IF X > 0 AND TH < 0 THEN GOSUB 7040
1265 1IF X > 0 AND TH < 0 THEN GOSUB 7050
1270 IF X < = 0 AND TH > 0 THEN GOSUB 8000
A271 IF X < = 0 AND TH > 0 THEN GOSUB 8010
1272 IF X < = 0 AND TH > 0 THEN GOSUB 8020
1273 %E‘ X < =0 AND TH > 0 THEN GOSUB 8030
1274 4F X < = 0 AND TH > 0 THEN GOSUB 8040
1275 1IF §< = 0 AND TH > 0 THEN GOSUB 8050 -
1280 IF X < O AND TH < 0 THEN GOSUB 9000
\\?281 IF X < 0 AND TH < 0 THEN GOSUB 9010
\1282 1IF X < O0,AND TH < 0 THEN GOSUB 9020
T83 IF X < 0 AND TH < 0 THEN GOSUB 9030
1284 1IF X < 0 AND' TH < 0 THEN GOSUB 9040
1285 IF X < 0 AND TH < 0 THEN GOSUB 9050 ,
S 1300 PRINT z$;"PR§1" :
1308 IF T < 1201 AND T > 601 THEN L = L * -1
1309 - PRINT " # ";I :
1310 X = INT (X * 10 — 2 + .5) / INT. (10 =.2 + .5)
v 1320 Y = INT (¥ * 10 = 2 + .5) / INT (10 — 2 + .5)
1330 L = INT (L * 10 — 2 + .5) / INT (10 — 2 + .5)
1340 TH = INT (TH * 10 - 2 + .5) / INT (100= 2 + .5).
1400 PRINT " n’.x; " n’.!-’.n II;L;"'
1410 PRINT ' '
1500 GOTO 500
1600 END
6000 PRINT Z$;"PR#0"
‘6100 INPUT BS,A$ .
6101 I =1I + 1 B
. 6102 RETURN 6
- 6200 IF TH > = 0 AND TH < = .26 THEN T = 245
6201 RETURN .
6210 IF TH > (26 AND TH < .52 THEN T = 215
6211 RETURN S _
6220 IF TH > .52 AND TH < .78 THEN T = 145
6221 RETURN . -
6230 IF TH > .78 AND TH < 1.04 THEN T = 115- ..
6231 RETURN ’ - o S
6240 IF TH > 1.04 AND TH < 1.3 THEN T = 1245 .
6241 RETURN .= - A :
6250 IF TH > 1.3 AND TH < 1,57 THEN' T = 1215
&%

7



s

6255
7000

7001

7010
7011
7020
7021,
7030
7031
7040
7041
7050
7051
8000
8001
8010
8011
8020
8021
803(
803

#8040
8041
8050
8051
9000
9001
9010
9011

9020

9021
9030
9031
3040
9041
9050
9051
9999

RETURN

IF TH <

RETURN

IF TH & ~

RETURN

IF TH < -

RETURN

IF TH <

RETURN

IF TH <

RETURN

IF TH < -

RETURN

IF TH >

RETURN

]

IF TH > .

RETURN

IF TH >

RETURN

IF TH > .

RETURN

IF TH >

RETURN

IF TH >

RETURN |

IF TH < =

RETURN

IF TH < -

RETURN

IF TH <

RETURN

IF TH < -

RETURN

I

0 AND TH. >

.26 RND TH >

.52 AND TH >

13 AND
0 AND

26 AND

.52 AND

78 AND

TH
TH
TH

TH

TH

~.78 AND' TH >

~-1.04 AND TH

>

<

<

<.

<

1.04 AND TH <

1.3 AND TH <

0 AND TH >

.26 AND TH >

>

L .26 THEN T

=-<Qi6 THEN T

.52 BND TH >

4

.78 AND TH >

]

-.26 THEN.E1:E315

-.52 THEN T
-.78 THEN T
_1.04 THEN T
= -1.3 THEN T

v

-1.57 THEN T

.52 THEN T

.78 THEN T

i

%504 THEN T

I

1.3 THEN T

1.57 THEN T

Il

-.52 THEN T
-.78 THEN T

-1.04 THEN T

IF TH < -1.04 AND TH >+= -1.3 THEN T

RETURN

RETURN

GOTO 1300

-IF TH < -1.30 AND TH >

= -1.57 THEN

P

345
415
445

515 X

= 545

845

815

745

715

[]

]

T

645

6
9

I

15

15

945
1015
1045
1115 -

= 1145



Appendix J

RAW DATA POINTS AND ERROR SCORES FOR EXPERIMENT
ONE '

Skilled~RR Group -
The values represent the distance from the bull's-eye in
centimeters. The number in the parentheses is the section

number that the dart landed in. The negative sign (-) indicates
that the dart landed to the left of the midline of the board.

— - SUBJECT - f\\\
5”//ﬁ

TRIAL 1 _ 2 3 4
Acquigition Phase

-19.71 (19) 43.00 (1) -9.99 (9) -19.43 (19) -12.78 (12)

1

2 24.93 (17)  42.00 (18) -47.20 (3) 33.15 (17) 19.90 (&)

3 44.00 (3) 24.56 (13) 27.77 (15) 28.59 (17) -6.68 (11)
4 40.20 (17) 28.46 (4) 58.00 (6) -13.06 (7) -15.45 (12)
5 59.00 (3) 8.51 (1) 18.41 (6) 7.22 (4) -40.40 (12)
6 18.35 (2) 27.26 (18)  45.00- (2) 7.16 (4) -23.42 (9)

7 35.37 (2) 6.81 (10) = 17.19 (2) 15.93 (18) ~11.77 (11)
8 14.54 (17) 23.38 ({4) 15.91 (6) -8.52 (16) -29.58 (16):
9 -30.25 (3) - 9.15 (158) 57.50 (2) - -16.52 (16) -36.00 (14)
10 -16.04 (19) * 25.30 (6) 18.31 (13) -33.17 (7) -24.16 (14)
11 56.00 (3) 15.56 (15) 37.60 (17) =-12.56 (11) =-19.12 (11)
12 7.09 (10) 21.00 (15) 18.29 (2) -30.05 (16) =-42.00 (11)
13 -22.84 (3) 44.00 (1) 47.00 (15) ~13.46 (9) ~44.50 (8)
14  70.00 (3) 27.97 (1) 21.01 (6) -13.51 (16) -4.63 (14)
15  36.78 (15) 9.06 (18) 44.50 (17) -10.66 (14) =-18.11 (8)
16 -32.26 (3) 6.99 (4) 26.38 (10) -9.46 (8) -26.39 (16)
17 -65.50 (3) -17.08 (5) 2008 (2) -19.26 (8) =-13.89 (14)
18 68.00 {17) 11.96 (18) 38.62 (2) 17.61 (2) 29.40 (3)
19 =26.45 (7) = 19.00 (4) 20.45 (2) ~9.87 (11) -9.94 (11)
20 -47.00 {(19) 9.47 (20)° 29.14 (13) 22.93 (10) 15.52 (1)
21 29.92 (17) - 4.83 (2) 16.00 (17) -14.79 (19) -6.01 (5) }
22  57.00 (3) 29.72 (4) 19.65 (13) -43.20 (16) -10.83 (14) %
23 11.73 (15) 15.17 (1) 27.65 (17) -33.03 (3) 9.58 (20)
24 29,18 (17) 10.57 (15) -30.71 (3) -27.04 (19) -14.07 (5).
25 -47.40 (3) 14.26 (15) 30.95 (15) =39.00 (3) 7.44 (3)

26 44.50 (3) 13.01 (20) 6.61 (6) 6.91‘(10) 7.64 (1)

] -74 -



o
L
kA

27
- 28

29

- 30

31
32
33
34
35
36
37
38
39
40

41-

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

B W N

-48.00
-31.49
-24.19
-57.00
-15.32
-39.47
11.8%7
141.00
-26.14
20.70
-17.11
-20.70
40.50
-33.23
49.00
67.00
41.00
33.25
52.50
~57.00
-39.13
-40.92
51.50
-21.20
20.15
-24.28
26.60
-56.00
-88.50;
16.91
~100.00

(19)
(8)
(3)
(7)
(16)
(16)
(3)
(3)
(7)
(3)
(19)
(19)
(2)
(13)
(2)
(17)
(17)
(17)
(17)
(7)
(7)
(7)
(3)
(19}
(15)
(3)
(2) =
(7)
(19)
(3)
(19)

-49.40+ (19)

39.00
22.74

~76.98
4. 76.68

76.56
.-73.03

(3)
(3)

- Retantion Phasa

(3)
(2)
(17)
(19)

-36.00
13.81
21.34

2.03
36.40
12.67

<11.40
28.32
15.33

-24.40

6.25

-61.40
10.75
11.83

-17.15
10.53
-8.63

-16.95
-7.17

-20.33

~22.35
10.45

-14.35
13.68

-10.18

-25.65

-15.85

-15.77
18.18

6.66
-2.55
8.60
13.47
~18.52

[ -2

18.24
21.52
"t 7.46
21.11

(12)
(17)
(3)
(10)
(3)
(2)
(18)
(3)
(18)
(19)
(17)
(19)
(2)
(2}
(3)
(17)
(7)
(3)
(7)
(12)
(14)
(1)
(9)
(2)
(3)
(16}
(20)
(3)
(1)
(4)
(11)
(6}
(6)

(19) -

(4)

(13)
(10)
(6)

29.15
-19.%4
34.90

- 29.73

11.17
-9.42
11.13
36.20
22.91

-25.97
-8.54

~16.46

-33.45
43.60
38.00

-40.20

5.09
~5.90

-21.06

-27.69

~34.72

-40.00

-34.54
78.50
11.37
19.51
49.00
45.50

9.25
47.00

-11.90

-29.97
30.84
32.85

43.10
-35.12
-51.50

40.40

-75 -

(13)
(19)
(2)
(2)
(4)
(16)
(10)
(17}

(6)

(7)
(9}
(19)
(19)
(17)
(17)
(3)
(13)
(19)
{3)
(3)
(3)
(7}
(19}
(3)
(17)

(17)

(3)
(3)
(2)
(17)
(19)
(3)
(17)
(17)

(17)\
(7).\
(19)
(17)

-27.05
-62.00
-15.82
-8.68
-12.62
15.11
42.00
-15.56
43.00
-32.36
16.00
42.00
56.00
90.00
54.00
70.00
71.00
52.00
36.08
-16.18
60.00
83.00
17.07
53.00
12.55
-57.00
16.03
-48.00

-10.51

-33.90
29.03
-33.49
59.00
33.77

26.86
~-40.00
24.79
16.71

(19)
(19)
(19)
(8)
(19)
(6)
(17)
(19)
(17)
(3)°
(4)
(2)
(2}
(3)
(3)
(3)
(17)
(2)
(2)
(3)
(2)
(17)
(17)
(17}
(6)
(2)
(17)
(3)
(9)
(19)
(10)
(19)
(17)
(17

(4)
(9)
(6)
(3)

-17.73
-13.55
10.62
12.48
10.49
13.78
-24.43
-13.51
17.63
-2.30
3.09
14.92
6.09
~-24.20
16.87
24.08
28.06
18.47
42 .00
18.25
-16.07
19.41
10.17
-16.79
-15.90
-24.73
1l6.48
22.46
13.27
17.91
15.01
40.00
20.51
-20.38

-4.37
20.82
41.00
10.19

(19)
(16)
(10)
(4)
(6)
(17)
(12)
(7)
(15}
(14)
(20)
(18)
(10)
(3)
(2) .
(4)
(17)
(13)
(4)
(13)
(8)
(17)
(4)
(19)
(5)
(8)
(2)
(10)
(6)
(2)
(2)
(1)
(17)
(3)

(12)
(18)
(6)

(17)



' Cénstant Error

The wvalues represent the constant error scores: w1th four
trials comprlslng one block.

SUBJECT
BLOCK 1 2 3 ‘ 4 5
Acquisgition Phasa
1 7.31 34.51 ©22.36 7.14 ~3.75
2 5.45 ¢ 16.49 31.82 23.14 : -26.29
3 -23.08 17.75 4.20 '32.93 -30.32
4 -11.77 22.01 12.92 34,72 -23.41
5 2.85 5.84 ~17.74 2%9.41 ‘ 5.27
6 -29.52 15.08 fﬁ'Bl 26 . 8.15 ~-5.33
7 -30.29 1.27 -20.60 11.69 -4.05
8 -5.50 18.11 -34.00 - 16.60 11.84
9 9.27 7.66 =-33.62 ‘ 11.07 -5.65
10 51.00 ~-8.14 ~-7.64 -3.71 -0.03
11 61.75 -8.05 47.56 -0.75 21.87
12 40.73 -9.85 -21.14 - —=30.87 15.90
13 34.91 -9.17 ' 6.54 18.71 .. =11.81
14 -19.10 - =1.70 -25.25 - 37.69 - 17.53
15 22.08 0.25 : -21,92 5.54 - 13.79
Retention Phasa
1 7.09 17.09 0.80 - -0.78 ’ 16.91

' -76-
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Absolute Constant Error

The wvalues represent the absolute constant errbr scores with four
trials comprising one block.

SUBJECT
BLOCK 1 2 3 4, S
Acquigition Phase
1 7.31 . 34.51 . 22.36 7.14 3.75
2 5.45 . 16.49 31.82 .. 23.14 26.29
3 23.08 . 17.75 . 4.20 32.93 30.32
4 11.77 22.01 : 12.92 34.72 23.41
5 - 2.85 5.84 17.74 29.41 5.27.
6 29.52 15.08 31.96 8.15 5.33
7 30.29 * . 1.27 A 20.60 11.69 4.05
8 5.50 wi8.11 34.00 IGJHi} 11.84
9 9,27 L 7.66 33.62 1107 / 5.65
10 51.00 8.14 7.64 - 3.71  / 0.03
11 61.75 8.05 - ' 47.56 : 0.75 21.87
12 40.73 - 9.85 21.14 30.87 15.90
13 34.91 9.17 6.54 ; o871 ' .81
14 19.10 - 1.70 . 25.25 3%.69 .53
15 22.08 0.25 21.92 5.54 13.79
Ratention Phase | «
1 7.09 . 17.09 - 0.80 0.78 16.91
< P
1
) &
- ';
L~ LY
S
¢ ) C | <n
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-~ "Variable Error
;”;gé\ig}ueS'represent the variable error scores with four
*  trials- comprising one block.

BLOCK

Acquisition Phase

HR R
M WNHOo

1

&

1

23.72
g8.82
8.72
1.76

17.83

10.28

24.88

12,17

33.76

26.70
8.79

36.82

20.21

24.30

34.04

] ,
Retention Phasea

27.45

B

a o M

12

.12
.96
.05
15.
.69
.22
21.
12.
19.
30.
11.
13.
14.
14.
.29

io0

52
58
54
82
26
09
35
69

.70

g

SUBJECT

3

25.31

17.55 .

32.74
42,27
51.39
16.19
38.16
15.84
64.45

'28.43
12.53
43.08
31.33
48.51
56.03

75.82

39.56
12.08
16.23
11.22

.43
22.83
20,563
17.42
23.15
28.76
27.92

7.15
40.20
16.47
27.16

42,93

- 5%

14.02
10. 36
2.11
14,44
17.93--
9.07
11.68
1.37
15255
14.62
4.47
20.74
*$3.15
3.31
21.80 .

16.53



Total Error

The values represent the total error scores with four
trials comprising one block.

SUBJECT
5,

BLOCK 1 2 03 .4
Acquisition Phase :

1 24.82 35.45 = . 33.77 40.19
2 10.36 18.77 6.33 . 26.98
3 24.67 18.75 3.01 36.71
4 11.90 26.69 2 44.20 36.49
5 18.06 14.88 54.37 30710
6 21.25 ~ . 17.67 35.82 24.24
7 39.19 ‘ 21.56 43.37 23.71
. 13.3% - 22205 37.51 24.06
9 - 35.01 ° * 20,99 72.69 25.66
10 57.57 31.88 Y 29.43 29.00
11 62.37 13.84 49.18 27.93
12 54.89 16.38 47.99 31.69
13 . 40.33 17.03 32,00, 44.34
14 30.91 14.79 54.68 41.13
1% 40.68 12.30 60.16 27.70
Retgntion Phasea .

1 28.35 18.01 - 75.82 ' 42.94

2 : .
L ]
&
ra
2 -
/“\ o
-79-

%

14.51"
28.26,
31, 66"
27.51
18.69
10;53
12.37
11.92
16.55
14.62
22.32
26.13
17.68
17.84
25.79

23.65



Absolute Error

The wvalues represent the absolute e¥ror scores w1th four

trials comprising cne block.

BLOCK

1

~

Acquigition Phass

/

@R WwNPR

&

10
.11
12
13
.14

15

23.56°7

9571

23.08
11.77
17.42
29.52
33.74

13.06

33.23
51.00
61.75
48.82
34,91
27.11
38.82

Retention Phasae

1

R

&

27.09

(e

34.51
16.49
17.15
2250
14{38
15.07
19.27
18.11
19.86
22.56
13.32
15.08
16.01
14.12
10.79

'17.08

SUBJECT

s

-80-

3

32.21
31.82
27.35
40.47
51.74
31.9%6
42.85
34.00
49,95
27.89
47.56
47.39
29.28
47.00
52.79%9

75.05

35.74
24.13
32.93
34.72
29.41

- 23.50

21.66
21.30
24.05
25.51
22,30
30.87
35.98
37.69
26.39

42,53

)
&

Al

©y
w

e

Ty

Ly
—

i

13.70
26.29
30.32
23.41
17.19
10.12
11.59
11.84
14.47

.12.08

21.87
23793
16+80_
17.53
23.98

19.10.



E

Skilled No-RR Group - _ )

The wvalues reprgéent the distance from the bull's-eye in
centimeters. THe number in the parentheses is the section
number that the dart landed in. The negative sign (-) indica
that the dart landed to the left of the midline of the board.

. SUBJEET i
TRIAL 1 2 3 a 5

Acquigition Phase

1 55.00 (17) 31.63(2) 56.5Q (17) 32.£2\¢;5{ 25.16 (2)
2 48.00 (17) 18.32 (18)  37.60 (17)  21.37 (1) 42.10 (17)
3 -49.00 (19) 15.52 (17) 79.50 (17)  18.50 (1) 35.20 (2)
4 -62.00 (3) 20.06 (3) 29.59.(15) 18.16 (18) ~45.50 (3) °
5 42.00 (2) - 34.07 (2) 53.50 (17) 1.50 (13) -50.4Q (19)
6 65.00 (17) 10.77 (3) ~-33.52 (3) -15.07 (20) =-9.77-(19)
7  62.00 (3). '-19.82 (19) 43.50 (2). 13.11 (18) 13.46 (15)
8 54.00 (3) 20.76 (2) 43.00 (2) -12.40 (3) 3.34 (18)
9 60.00 (17) ~-21.20 (7) 48.50 (2) =-12.83 (12) -1.62 (5)
10 79.00 (3). . 5.58 (1) 54.10 (2) 9.95 (3) = -13.51 (7)
11 66.00 (3) -21.93 (19) -40.00 (3) -12.49 (20) =-9.62 (8)
12 61.00 (17) -.87 (3) 45.00 (6) 7.18 (18) 2.90 (3)
13 .58.00 (3) 14.83 (17) 7.80 (4) 11.40 (13) =39.00 (3)
14 -49.00 (3) -35.10 (7) ~-14.44 (3) -10.18 (19)  32.61 (3)
15 -55.00 (3) -30.28 (19) -46.50 (19) -2.26 (8)  -74.10 (7)
16 -50.00 (3) -29.44 (7) 31.32 (17) 15.33 (17) =-38.08 (16)
17 -50.00 (3) -45.00 (7) 29.91 (17) =-18.33 (19) 34.65 (17)
18 52.00 (3) -29.64 (19) 32.83 (2) ~ -6.02 (8) . -68.50 (7)
19 28.06 (17) -19.43 (3) 45.60 (2) 12.95 (2) -72.50 (7)
20 -54.00 (19) - 38.40 (3) -18.24 (3) , 17.12 (15) . -51.00 (7§
21 -39.00 (3) =-30.07 (19) 26.61 (17) 12.79 (15) =68.30 «(7)
22 -32.64 (3) ~-34.35 (19) -49.50 (3) 20.37 (15) =10.18 (16)
23 36.00 (3) -13.03 (7) 11.55 (2) 10.84 (15) ~61.80 (7)
24 47.00 (2) -32.44 (19) 38.00 (17) -5.28 (14) -60.00 (7)
25 -54.00 (3) -21.83 (3) 48.00 (3) 21.73 (17) -57.00 (19)
26 32.89 (17). -17.98 (8) 30.48 (17)  5.22 (6) =-145.00 (19),
27 -27.46 (3)  -16.79 (3) ~-56.00 (19) 13.92 (2) -21.91 (16))
28 38.00 (17) ~-17.56*(3) 56.40 (17) 21.03 (10) -33.84 (16)
29 24.86 (17) =-29.59 (3))//dég.61 (6) 17.49 (17) -33.14 (3)
f30 -22.16 (3)  26.71 (17)7 26.43 (10) ~-23.49 (19) -36.28 (7)
31 -43700 (3)~o 15.69 (17) 23.72 (2) 17.23 (13) -46.50 (3)
7.00—17) -32.36 (19) 32.49 (2) 25.30 (17) =-51.50 (7)
337°32.61 (3) -22.65 (16) 32.65 (2)  -10.70 (7)  120.00 (17)
34 -28.53 (19) -30.45 (7) 41.10 (2) -29.52 (3) ~30.08 (19)
35 -11.04‘(7)  -13.78 (11) -14.57 (7) -43.00 (3) . -56.50 (7)
36 18.68 (10) 19.54 (17)  21.67 (2) -4.15 (12) -89.00 (3)
37 22.76 (15) -10.04 (11). —39.00 (3) 28.74 (17) -*34.67 (19)
38 -22.31 (3) -18.26 (8) -31.13 (19) =-27.69 (3) -45.50 (7)
39 34.99 (2) .-17.81 (16) 50.30 (3) . -8.62 (7) -62.00 (7)
40 -29.56 (3) -21.29 (19)  46.40 (3) 12.22 (13) -55.50 (7)
E}”/33700 (17) -21.08 (8) 4.77 (18 3.93 (6) -58.00 (7)
5]
- . ] _81‘.

> v



e

-t
Rl

f

42 -19.42
43 31.48
44 -48.00
45 35.84
46 59.00
47 48.00
48 -46.00
49 42.00
50 41.00
51 43.00
52 33.84
53 42.00
54 33.38
55 32.88
56 38.00
57 47.00
58 . 32.76
59 18.10
60 44.00
Retention
1 .00
2 .00
3 .00
4 .00

(3)
(17)
(3)
(2)
(17)
(3)
(3)
(17)
(17)
(17)
(17)
(3)
(17)
(2)
(2)
(2)

(3)

(13)
T17)

Phasa

(19
(17)
(3)
(3)

48.40 (3)
-14.31 (11)
-42.00 (1
~20.24 (14
~16.99 (19)
~15.59 (9)
-36.03 (14)
-43.00 ()
~22.17 £19)
-28.20 Y(11)
-35.40%(19)

+=10.05 (19) .

-20.60 (16)
-21.55 (8)
~25.81 (7)
-19.44 (3)
-22,59 (7)
~24.02 . (3)

6.92 (15)

-15.05 (7)
-18.18 (19)
-3.59 (3)
20.93 (2)

-66.00
-20.920 (3)
-14.08

©24.79

29.81
20.48
29.09

(17}
(17}
(17)
"(19)

(3).
27.02 (2)
40.10 (2)
34.19 (15)
56.00 (2)
27.26 (6)
25.44 (17)
34.82 (2)
15.04~ (4)
21.213(6)
17.06" (15)

-18.41 (3)
-24.07 (7)

29.48 (17)

17.50 (2)
(13)
37.44 (2)
19.74 (10)

-82-

5.09.
18.27
12.41
~33.77
-20.63
-19.14
-19.51
-16.86

21.53

T =22.47

-35.52
1.41
38.00
-22.94
~-22.54
17.89
23.03
14.86
-28.85

-10.98

-+ 30.93

16.45
6.17

x
™

(10) -606.00

(10)_ -40.40
(15) ™ 61.60
(16) ~-68.00
(3) -61.00
(5) -34.24
(3) 20.77
(16) -44.50
(17) =-32.88
(19) -28.89
(1) -59.00
(2) -46.10
(3) =35.47
(3) -34.96
(3) -28.95
(17) ~-26.04
(17) -9.42
(13) -24.10
(19) -33.17
(8) -60.00
(15) -14.81
(17) . 7.94
(6) ~-15.04

(3)

{19)
(3)

(3)
(19)

(19)

(17)
(13)
(3)
{(19)
(3)
(3)
(7)
(7)
(19)
(7)
(8)
(16)
(1%)

(19)
(12)
(17)
(7



. , S
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Constant Error . ‘ cuﬁ////
The values represent the constant error scores with four

trials comprising one block.

SUBJECT
' BLOCK 1 S 3 . 4 5
y

Acquigition Phase -

1 -2.00 14.24 21.38 50.80 . = 22.64
2 55.75 -10.84 ©11.45 26.62 -3.22
3 66.50 -5.46 -9.61 26.90 -2.05
4 ~24.00 -29.64 -20.00 . -5.46 3.57
5 19.02 -39.34 ~13.92 22.53 1.43
6 2.84 -50.07 “ -20.96 6.67\,, 9.68
7 -2.64 -64.44 -18.45 o 19.72 15.48
8 1.67 -41.86 -4.89 26.31 9,13
9 -13.38 -13.90 ~-11.84 20,21 -21.84
10 1.47 -49.42 -16.85 6.64 1.16
11 0.27 . -24.20 -  -7.25. 21.04 9.93
12 24,21 - -35.62 -22.21 -18.49 -23.26
13-  39.96 . -41.32 . -32.19 39.39 ~13.33
14 36.57 T -36.37 ~19.50 24.13 -1.52
15 35.47 -23.18 -14.78 R 1.01 6.73
Retentionlphase |

1 -33.75 -20.48 -3.98 © 24.87  10.64

-83-"
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Absolute Constant Error

The values represent the absolute constant error scores with four -
trials comprising one blosk.

Wo-Jond Wk

SUBJECT
BL.OCK 1 2 3 -4 5
Acquisition Phase .
2.00- 14.24 21.38 50.80 - 22.64
"55.75 10.84 11.45 26.62 3.22
66.50 5.46 9.61 26,90 2.05
24.00 29,64 20.00 5.46 3.57
19.02 39.34 13.92 22.53 1.43
2.84 50.07 20.986 6.67 9.68
2.64 . 64.44 18.45 19.72 15.48
\ 1.67 41.86 4.89 . 26.31 ‘ . 9.13
_ 13.38 13.90 11.84 20.21 ; 21.84
10 + 1.47 49.42 16.85 : 6.64 : 1.16
i1 ~ n.27 24.20 7.25 21.04 9.93
12 24,21 35.62 « 22.21 : 18.49 23.26
13 - 39.98 41.32 32.19 . 39.39 13.33
14 36.57 36.37 19.50 : ‘' 24.13 1.52
15 35.47 23.18 14.78 , 1.01 6.73
s . i gj
Retentioa Phase
1 33.75 , 20.48 3.98 24,87 10.64

I3

LS

-84.



Variable Error .’

The values represent the variable error scores with four
trials comprising one block.

SUBJECT .

BLOCK 1 2 - 3 .40 5
Acquigition Phase

1 53.75 35.01 - 6.13 +~°  19.24 5.85
2 8.90 24.28 19.85 . 34.97 . 11.33
3 7.57 6.46 12.18 - 38.76 ‘ 10.66
4 47.40 38.76 20.22 - 28.69 10,28
5 43.19 43.48 ' 31.55 . 24.26 "14.36
6 38.92 - 23.24 19.68 33.76 " 9.34
7 39.27 48.19 1.95 44,71 6.66
8 35.90 7.44 26.40 3.83 19.11
9 . 20.20 80.07 19.05 21.23 15.36
10 - 27.86 . 10.35 =~ =% 4.15 ' 41,82 . 21.28
11 35.50 50.12 33.71 10.08 . 5.81
12 41.36 34.91 : 8.15 032.99- -6.09 .
13 3.60 11.71 7.80 ° . 710,61 . 21.23
14 3.72 6.18 , 5.80 7.20 : 24.85
15 11.34 8.63 12.64 . 22.77 20.75 .

N -
\ Retention Phase’
1 47.87 - 24.65 15.37 | 7.72 - 15.27

-85 -



-Total Error ‘ '

P

The values represent the total error scores with four
trials comprising one block.

SUBJECT

BLOCK 1 - 2 3 - 4
Acquigition Phase

1 53.79 37.80 22.24 54.32
2 56.46 - 26.59 - 22,92 - 43.95
3 66.93 8.46 15.51 ~47.18
4 53.13 48.80 28.44 29.21
5 .- 47.19 °- 58.63 34.48 33.11
6 39.02° 55.20 28.75 34.41
7. 39.36 80.47 -  18.64 48.86
8 35.94 42.51 26.84 26.59
9 24.23 81.27 - 22.43 29.31
10 27.90 . 50.49 . 17.35° " 42.35
11 35.50 55.66 34.48 - . 23.33
12 47.92 49.87 23.66 37.82
13 40.12 42.95 33.12 40.91
14 36.75 36.89 . 20.35 . 25.18
15 37.24 24.74 19.45 22.79
Retention Phase -

1 48.57 . 32.05 15.87 . 26.04

-86-
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Absolute Error .
The values represent the absolute error scores with four
trials comprising one block.

.

SUB-_JECT
BLOCK 1 2 3 o4
Acquisition Phase -
1 53.50 36.99 21.38 50.80
2 55.75 19.24 21,36 43.38
3 66.50 6.91 12.40 46.90
4 53.00 45.95 27.41 25.02
5 46.02 56.06 33.12 31.65
6 38.66 50.07 27.47 31.42
7 38.09 - 64.44 18.54 47.72
8 34.26 41.86 26.09 26.31
9 22.72 73.90 21.61 27.50
10 27.41 49.42% 16.85 41.71
11 33.98 55.007 31.45 21.04
12 47.21 46.00 22.21 32.00
13 39.96 41.32 32.19 39.39
14 36.57 36.37 19.50 24.13
15 -~ 35.47 . 23.18 18.24 22.26
Rataenticn Phase
1 57.25 24.45 14.44 24.87

]/

_87-

22

15

19

24
21

16,

.64
10.
10.
.79
13,
12,

52
61

61
32

.48
20.
21.

88
84

.32
.93
23.
.10
.22
21.

l6

13



Onskilled KR Group

The values represent the distance from the bull's-eye in
centimeters.

number that the dart landed in.

The number in the parentheses is the section —-— .
The negative sign (-) indicates

that the dart landed to the left of the midline of the board.

TRIAL

Acquisition Phase

WO dsWwhE

©10.82
11.04
-10.56
-26.40
9.19
-16.31
8.43
-8.72
-5.59

10 -10.63
11 -17.35
12 -15.39
13 =-2.00
14 2=z.97
15 -16.54
16 -19.42
17 7.46
18 -20.00
.19 14.82
20 19.37
21 21.07
22 20.55
23 17.18
24 12.12
25 8.39
26 8.01
27 19.83
28 11.97
29 12.81
30 31.34
31 7.06
32 6.70
33 4.72
- 34 9.57
35 14.77
36 19.72
37 19.99
38 44.00
39 19.65
40 18.59
41 7.54

(15)"
(18).

(7)
(3)
(2}
(3)
(1)
(7)
(8)
(7)
(19)
(16)
{11)
(2)
(19)
(13)
(4)
(7)
(13)
(2)
(2)
(2)
(17)
(13)
(2),
(13)
(17)
(10)
(6)
(13)
(13)
(1)
(6)
(1)
(2)
(4)
(17)
(1)
(13)
(10)
(10)

10.33

16.28
20.33
18.74

" 15.63

-13.23
-17.61

~32.40

-28.31
~-16.28
-27.96
-28.55
-28.79
8.09
-41.50
38.20
-26.81
50.00
-14.80
40.80
~36.20
32.05
-17.07
43.10
37.40
~-32.47
-53.50
8.27
32.39
-41.10
-26.50
12.44
25.78
11.81
-17.53
29.62
12.05
~18.76
-5.94
-29.93

{4). -

(19)
(17)
(4)
(2)
(17)
(19)
(19)
(3)
(3)
(19)
(3)
(3)
(3)
(15)
(19)
(3)
(19)
(3)
(3)
(3)
(19)
(17)
(7)
(3)
(17)
(19)
(3)
(17)
(17)
(7)
(19)
(13)
(17)
(2)
(12)
(15)
(13)
(3)
(5)
(3)

SUBJECT °

)

41.20
-28.70

39.60
32.71
-20.75
-41.20
~33.57
-11.72

3.

(2)

{19)

(3)
(17)
(19)
(19)
(3)
(3)

131.56 ¥(3)

-6.25
-20.93
~34.60
-21.10
7,34
14.39
-11.13
-32.01
9.99
~15.06
-21.36
15.43
-21.47
-23.13
-7.80
17.54
-4.75
-14.43
-9.97
-19.58

-12.13

-7.80
4.76
3.92

~11.41

~24.56
~13.96

-13.23

-5.01
-9.62
~9.69

-13.87

-88 -

(17)
(7)
(19}
(19)
(18)
(17
(14)
(3)
(18)
(83—
(7)
(2)
(3
(16)
(7)
(1)
(16)
(20)
(17}
(9
(16)
(11)
(3)
(2)
(16)
(3)
(16)
(3)
(12)
(14)
(9)
(9}

16.47
18.17
31.26
10.25
31.33
17.61
~37.60
18.96
25.64
42.00
3.53
17.08
13.58
'18.32
10.45
29,53
40.42
25.67
29.34
27.91

21.60

17.79
28.49
19.37
34.86
11.33
27.54
27.93
15.70
22.15
33.69
21.72
22.09
29.73
30.69
38.00
14.32
"18.85
35.12
30.18
29.78

(2)
(17)
(15)
(6)
(2)
(2)
(3)
(6)
(2)
(17)
(18)
(2)
(10)
(13)
(6)
(2).
(2)

{(2)

(1:0)
(15)
(15)
(10)
(10)

(10)

(15)
(4)

(15)
(13)
(15)
(13)
(2}

(10)
(15)
(15)
(15)

(4) |

(6)
(10)
(15)
(6)
(6)

-43.40

~-12.58
-4.42
5.43
4.68

7.92.

13.99
-15.33
-8.95
8.33
-30.45
11.61
9.38
9.09
-26.68
32,53
-17.62
13.69
30.74
-26.13
18.56
22.59
«37.50
-19.48
30.72
-14.74
-28.56
7.89
33.07
-41.00
-32.58
22.88
27.22
28.70
13.79
30.14
-25.53
-18.22
-13.06
-13.29
-2.59

o

(7 -
(19)
(11)
(4)
(2)
(3)
(18)
(9)
(19)
(13)
(8)

(13 r

(17)
(13)
(3}
(2)
(3)
(2)
(15)
{19)
(17)
(17) .
(3)
(3)
(15)
(19)
(19)
(2)
(17)
(16)
(19)
(17)
{2)
(2)
(15)
(17)
(3)
(19)
(19)
(3)
(11)



B w N

42 -8.94
43 11.69
44 5.22
- 45 - _4.00
46 15.98
47 -8.23
48 15.22
49 -13.44
50 9.04
51 - .13:11
52 -15.10
"53 -14.73
54 -4.06
55 ‘=5.26
‘56 -12.26
57 -11.55
58 -7.70
59 1.73
60 -7.88
Retention
6.79
41.00
17.62

" 8.96

(20} .

(10) 32.64
{(15) - 6.67
(2). -15.16
(2) -11.81
(19y -19.50
(10) 33.05
(12) -12.87
(3) . -18.93
{20) 1.90
(20) . 7.48
(12) -=33.20
(19) -28.45
{5) -13.20
(14) . -20.96
{3y =~ =-9.33
9y . =31.07
(17) -30.28
(8) . t7.02
Phase

(4) -7.20
(1y - -22.Q7
(18)" -13.71
(4) 20.24

rFd

~ .
-8.41

(3)
(2)
(15)
(9}
(3)
(9)
(17}
(3)
(19)
(4)
(15)
(3)
(19)
(16)

(19)

(3)

(3)

(19)
(1e)

(7)
(3}
(2)
(2)

-23.61
~-17-.88
-10.08

-7.50
-10.24
~11.23
-14.48
-16..08
-28.97

-7.22
-22.94
. -14.00

19.39
-29.46
-23.73
-10.25
-15.61
-17.39

-5.85

17.40
-22.41
-14.14
-15.18

-89 -

(12)
(5)
- (5)
(11)
(9)
(12)
(20)
(12)
{14
(20)
{14)
(11)
(20)
(12)
(5)
(5)
(5)
(5)
(16)

(2)

(16)
(11)
(7)

32.92
19.25
20.13
24.22
35.88
21.39
32.30
26.32
12.73
27.86
19.48
26.36
30.22
17.52

- 13.53

21.34
28.54
27.65

26.74

24.92
37.00
26.67
24.69

. (2)

(6). -
(13)
(13)
(2)
(4)
(6)
(10)
(6)
(10)
(6)
(10)
(6)
(15)
(2)
(6)
(6)
(4)
(18)

(18)
(13)
(15}
(10}

8.06
-21.69
-21.87

4.46

16.58
15.56
11.03
4.93
le.1l6
23.56
11.01
-29.70
20.08
9.31
18.70
-10.91
-1.60
3.20
9.60

-13.81
-19.59
-38.50

5.84

(6)
(19)
(8)
(13)
(15)
(17)
(15)
(1)
(10)
(2)
(13)
(3)
(17)
(15)
(6)
(3)
(3)
(13)
(10)

{7)
(19)
(3)
(1)
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Constant Error

The values represent the constant error scores with four
trials comprising one block. '

BLOCK 1

Acquigition Phasa

-3.78
-1.86
-12.24
4.96
5.41

17.73  °.
12.05
14.48
. 12.20
10~ 25.65
11 3.88
12 - 6.74
13 -1.60
14  -9.08
15  -6.35

Ratention Phase

1., 18.59 -

11

-22

-1

-3
-5

1

.01
.88
-26.

24

.69
11.
.89
.37
~-6.
.13
.24
.24
.36
.61.
-23.
=19,

65

74

95
43

17

~ SUBJECT

-90 -

3

21.20
-26.81
-7.56
-2.63
-14.61
-9.24
-2.90
-8.69
-11.50
-9.39
-16.36
-10.86
-18.80
-11.95

-12.28

-8.58

19.04

7.58
22.06
17.97
30.84
21.81
25.42
23.32
30.13
24.62
25.52
28.45
21.60
21.91
26.07

28.32

-13.74
2.81
-4.87,
6.08
0.17
-3.96
-1.17 -
-4.41
24.96
-17.53 -
-9.52
11.91
13,92
4.60
0.07

-16.52

;"



4

Absolufe Constant Error

f

I
Theﬁvalues represent the absolute constant error. scores with four
trials compr181ng one block. .

Co~-JahdwhoE=

SUBJECT @
BLOCK . 1 2 3 4 : 5
Acquigition Phase
3.78 11.01 21.20 19,04 - 13.74
1.86 .0.88 26.81 7.58 - 2.81
12.24 ©26.24 . 7.56 22.06 - 4.87
4.96 22.69 ~ 2.63 ‘ 17.97 ' 6.08
5.41 11.65 14.61 30.84 0.17
17.73 4.89 9.24 ' 21.81 3.96
12.05 1.37 2.90 25.42 1.17
14.48 ' 6.74 8.69. 23.32 4.41
12.20 “8.13 11.50 30.13 24.96
10 25.65 4.24 9.39 24.62 17.53
11 3.88 0.24 ‘ 16.36 25.52 9.52
12 6.74 3.36 10.86 28.45 11.91
13 1.60 5.61 18.80 21.60° 13,92
14 _9.08 23.95 11.95 21.91 4.60
15 6.35 19.43 ) 12.28 26.07 0.07
Retention Phasa
1 18.59 1.17 .. 8.58 ) 28.32 16,52

-91 -



VBriabla Error

-

The wvalues represent the variable error scores with four
trials comprlslng one block.

y SUBJECT
BLOCK 1 ! -2, 3 4
Acquisgsition Phase
. T

“15.74 8.79  28.99 7.65

vEJaolbWNP

11.00 16.41 11.37 . 26.62

. 4.55 6.01 . 24.71 13.95
18.07 ’ 18.53 14.16 7.24

15.27 . 32.99 15.44 5.67

3:57 32.40 15.44 4.09

4.75 . _ 41.32 12.29 B8.64

10.03 28.84 ~ 8.83 6.51

_ 5.61 15.83 10.18 5.64-

10 10.60 18.29 2.92 8.37
11 7.75. o 22.78 _ _ 5.01 : 5.94
12 9.86 21.19 2.50 5.87
13 . 12.77 10.70 8.09 6.01
14 4.52 7.59 18.92 6.68
15 4.91 ° 11.28 4,55 \ 2.80

Retention éhasa

1 13.56 16.82 ©15.34 5.07

-92-
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el

18.27
11.00
16.71
21.17
23.05
25.39
22.55
32.72
6.53
5.06
iz.82
4.78
6.84
20.23
7.48

15.81



N

Total Brror

The wvalues répresent the tdtal,erfor scores with four

trials comprising one block.

. SUBJECT

BLOCK 1 2w _ 3 ' 4
Acquisition Phase ¢ .- -

1 16.18 14.09 35.91 20.52
2 11.15 16.44 29.12 27.68
3 "13.06 26.92 25.84 ' 26.10
4 18.74 . 29.29 14.40 19.37
5 16.20 ©34.99 21.26 31.35
‘6 18.09 32.76 T17.99 . * 22.19
7 12.95 © 42.35 12.63 26.84
8 < 17.61% 29.62 12.39 : 24.21
9 '13.42 17.79 15.36 30.65
10 . 27.15 ’ 18.77 9.83 26.00
11 8.67 22.78 17.11 26,20
12 11.94 21.46 11.15 29.05
13 12.87 12.08 20.47 . 22.42
14 10.14 25.13 22.38 22.90
15 - 8.03 22.46 13.09 26.22
Retention Phasa : \

1 23.01 16.86 17.57 28,77

. -93-

e

»

‘/ ' I .

g
¢

22.86°

11.35

17.40
22.03.
23.05
25.69
22.58
33.01

© 25.80
18.24

15.97
12.83
15.51
20.75

7.48

22.86



Absolute Error

The values represent the-absolute error scores with four
trials comprising one block. - -

R AL L

SUBJECT
o - .
BLOCK 1 2 3 4 ' 5
. r

Acquigition Phase .

14.71 12.47 -35.55 ©19.04 .. 16.46

10.66 16.30 26.81 26.38 - 10.48

12.24 26.24 23.34 22.06 14.84

2 17.73 26.73 13.49 17.97 15.42

15.41 - 32.45 19.61 30.84 22.05

17.73 31.53 16.96 21.81 . 24.53

12.05 41.62 11.067 25.42 - . 20.48

14.48 27.07 11.07 ©23.32 - 32.38

12.20 16.89 13.46 30.13 24.96
10 ‘25.65 16.59 9.39 - 24.62 17.53
11 8.35 19.41 16.36 R 25.52 13.55
12 +10.86 19.88 < 10.86 ) 28.45 » 11.91
13 12.47 10.30 18.80 : 21.60 13.92
14 9.08 23.95 - 21.65 21.91 19.45
15 7.22 i\19.43 12.28 26.07 6.33
Ratention Phase
1 18.59 15.81 . 17.28 28.32 .19.44

g

-94 - ' \



Unskilled No-KR Group

The values represent the distance-from the bull's-eye in

centimeters.

number that the dart landed in.

The number in the parentheses is the section

that the dart landed to .the ‘left of the midline, of the board.

@ TRIAL

1

“Acquisition Phase

W o Uik N

b
[l =

12
13
14
15
16
17
i8
19
20

21

22
23
24
25
26
27
28
29
30
31
32
33
33
35
36
37
38
39
40

.41

21.35
9.30
16.33
6.21
13.42
37.02
21.64
37.00
13.37
34.16
28.34
21.35
-30.70
10.43
10.01
-21.44
29.87
16.26
41.00
-20.09
-10.17
-9.22
~9.50
-50.00
-15.47
1.99
-19.53
-8.51
-4,96
-35.55
31.99
15.54
-16.42
-34.00
-16.67
15.18
-31.39
-28.33
-35.00
18.67
6.14

(4)
(4)
(2)-
(10)

(15)

(2)
(17)
(17)
(17)
(17)
(17)
(2)
(3)
(2)
(10)
(3)
(15}
(15)
(2)
(19)
(3)
(11)
(7)
(7)
(3)
(6}

(19) -

“7)
(7)

{19) .

(2)
(15)
(7)
(3)
(3)
(15)
(19)
(10)
(3)
(10)
(10)

"16.28
17.00
236.00

30.0085(17)

-2.98
-17.00
34.00

9.50

14.20
10.30
-26.50
34.50
34.00
-37.00
16.20
-42.50
~39.00
7.70

- -31.50
-25.00
-34.50
-29.70
-34.50
-16.50
-24.00
-47.50
28.80
6.00
-21.50
-33.00
-6.20
-20.50
19.80
34.00
-30.50
-19.50
-30.40
-25.50
-20.00
-38.00
-26.50

{4)
(3)
(3)

(19)
(3)
(17)
(17)
(17)
(2)
(7)
(17)
(17)
{7)
(17)
(7)
(3)
(15)
(7)
(19)
19)
(3)
(3)
(19)
(16)
(19)
(17)
(13)
(7)
(19)
{16)
(19)
(3)
(3)
(13)
(19)
(7)
(16)
(16}
(19}
(7

SUBJECT

*

14.64
-36.88

-28.36

~24.55
-26.12
-29.41
~12.57
-28.37
-16.32
-41.00
-18.25
~17.91
- -20.16
-16.90
-30.73
-28.79
-24.68
-30.97
-40.00
-40.20
-19.52
-35.20
-41.30
-25.55
-38.03
-26.02
-31.30
-31.98
—~30.64
- ~52.00
-35.40
-45.00
-31.63
-42.30
-50.40
-22.54
-36.65
-42.50
-46.20
-38.39
-22.30

-95-

3

A17)

(7
(8)
(8)
(11)
(8)
(9)
(11).
(11)
(12)
(%)
(8)
(16)

(14)

(8)
(7)
(9)
(8)
(16)
(19)
(16)
(11)
(19)
(11)
(16)
(8)
(8)
(7
(16)
(16)
(7
(16).
(16)
(16)
(7)
(16)
(7)
(16)
(7)
(7)
(16)

-16.23
-30.33
38.00
39.20
-47.50
53.00
54.00
61.20
61.50
88.00
83.400
61.60

-+ 36.20

42.00
51.30
-32.20
5.62
16.03

. 49.00

' 35.55
34.26
~43.00
11.35
43.50
54.00
105.00
~2.44
26.50
18.94
-15.12
32.68
28.57
48.00
8.22
47.30
83.50
9.93
41.50
13.85
30.45
-48.00

(17)

(19).

(1)
(17)
(3)
(2)
(17)

(2) .

(17)
(17)
(3)
(2)
(17}
(17)
(2)
{3)
(2)
(2)
(13}
(2)
(2)
(3)
(6)
(17}
(3)
(3)
(19)
(10)
(2)
(19)
(2)
(2)
(1)
(x5)
(15)
(17)
(6)
(13)
(13)
(4)
(3)

.59,
.50
.95
.39
.42
.03
.46
.79
.34
.17
.06
.79
.58
.91
.23
.20
.54
.48
.78
.26
.21
.62
.98
.46
.48
.54
.68
.76
.69
.19
.86
.27
.63
.81
.54
.69
.99
.28
.03
.68
.38

The negative sign (-) indicates

(20}

(9)
(3)

(20)
(2).
(5)
(14)
(20)
(18)
(12)
(9)
(5)
(20)
(13)
(8)
(14)
(15)
(11)
(4)
(5)
(15)
(14)
(20)
(4)
(4)
(20)
(7)
(3)
(12)
(2)
(11)
(4)
(19)
(8)
(3)
(3)
(5)
(11)
(12)
(2)
(8)



- 58

-28.04

T 42

43 6.71
44 -29.90
45 -35.15
46 -25.64
47 33.40
48 ~-27.96
49 18.56
50 -33.57
51 -9.22
52 -43.00
53 -30.07
54 10.20
55 35.79
56 -38.00
57 8.42
-9.71

59 -21.36
60 20.18
Retantion
1 12.88
2 28.04
3 15.42
4 25.42

N
(3)
(7)
(19)
(19)
(2)
(7)
(2)
(19)
(8)
(19)
(19)
(15)
(2)
(17)
(15)
{5)
(3)
(2)

P@ase

(6)
(17}
{2)
(17)

22.50 (3)
-21.00 (7)
-18.00 (8)
-49.5G1%7)
-23.40° (11)

-9.50 (14)
-36.00 (7)
-17.50 (B)

~20.00 (16)

-30.00 (7)

=17.40 (14)

-25.50 (16)
-9.50 (11)
47.00 {(17)

=17.50 (7)

, —20.00 (8)

-30.00 (7)

-34.50 (7)

-13.50 (7)
£

©33.00 (3)

-53.40 (19)
32.60 (17)

-36.06 (7)

-37.76
~31.00
. -41.50
-43..00
-13.17
-38.85
-23.92
-33.19
-22.67
~44.00
-24.63
-27.28
-29.66
~25.39
-23.21
-16.13
-36.81
~48.00
-29.38

12.79
-31.40
-25.97

~19.52

-96- o

(7)
(11)
(8)
(16)
(8}
(16}
(7)
(16)
(12)
(11)
(16}
(8)
(16)
(11)
(11)
(16)
(16)
(16)
(7)

(17)
(12)

(11)

(7

-21.04
67.00
~36.53
38.00
46.50
55.40
29.60
19.11

- 15.27

31.61
38.80
33.50
54.00
70.00
16.30
11.70

12.62

8.14
13.48

66.30

-4.35
- 22.61
=12.14

(3)
(3)
(16)
(13)
(2)
(3)
(6),
(13)
(18)

(6)

(6)
(2) -
(13)
(3)
(10)
(6)
(4)
(17)
(13)

(2)
(19)
14) -
(3)

2.48
24.68
-4.32
13.58
-12.68
-15.54
3.61
5.98
-8.06
~19.69
-9.92
“5.71
14.30
-13.54
4.41
-12.26
9.81
13.49

-32.28

-9.60
14.80
13.59

3.00

(18)
14)
(9)

(17).

(16)
(19)
(4)
(3}
(19}
(3)
(8)
(14)
(2)

(6)
(1)
(2}
(17)
(3)

(16)

(

(13)

(1)
(20)
(13)



-

Constant Error

The values represent the constant error scores with four

trials comprising one block.

Y

FEHEOOJOD B WN K
NH o , .

i3
14
15

1

BLOCK 1

13.30
. 27.27
" 24.35

-7.93

16.76
-19.72
~10.38

1.76
-12.98
-19.01
-11.27
-13.84
-16.81

-5.52

-0.62

Retention Phase

20.44

Acquisition Phase

-

-
-

-

6.82
5.88

8.13°

-7.33
-21.95
-28.81
-9.18
-20.30
0.95
-28.48
-10.75
-29.60

-21.23.

-1.38

-24.50

~5.97

SUBJECT

-97.

3

3

-18.79
-24.12
-23.37

-24.15

-33.96
-30.39
-31.83
-40.76
-36.72
~40.94
-33.14
-29.74
-31.12
-26.39
-32.58

~16.03

Kapg,

4.66

" 30.18

73.53
24.33
26.55
11.53

45.77 -

16.27
46.76
23.93
-9.64
42.38
26.20

43.45.

11.49

18.11

+

-7.56
~4.53
-4.17
~6.53
-4.36
-1.48
-3.88
-1.02
-21.67

-4.91

4.62
-2.76
~7.92
-0.14
-5.31



Absolute Constant Error

The values represent the absolute constant error scores with four
trials comprising one block.

SUBJECT

HEMHEOOJaobd Wl &
NHO N .

BLOCK ~ 1 ’ ‘ 2 ' : 3 4 5
Acquisition Phase &
13.30 6.82 18.79 Lo 7.66 7.56
27.27 5.88 24.12 3, 30.18 4.53
24.35 .8.13 23.37 .73.53 4.17
7.93 7.33 24.15 24,33 6.53
16.76 21.95 . 33.96 . 26.55 - 4.36 -
19.72 28.81 ' 30.39 ~ 11.53 1.48
10.38 9.18 31.83 - 45.77 3.88
1.76 20.30 ‘ 40.76 16.27 7 1.02
12.98 | 0.95 36.72 - 46.76 21.67
19.01 28.48 ' 40.%4 . 23.93 4.91
11.27 10.75 33.14 - 9.64 4.62
13.84 29.60 29.74 . 42.38 2.76
13 16.81 21.23 31.12 26.20 - 7.92
14 5.52 1.38 . 26.39 43.45 - 0.14
15 0.62 24.50 32.58 11.49. 5.31
Retaention Phase
-1 20.44 5.97 16.03 18.11 5.45

L

. -98-



Variable Error

. The values represent the variable error S'cq;:es with four
trials comprising one block.

SUBJECT
BLOCK 1 2 3 4 5
- Acquisition Phase ‘

1 5.92 25.32 19.81 - '31.34 15.72
2 10.16 18.75 6.77 44.96 11.14
3 7.76 . . 22.00 10.20 . 12.10 12.95
4 18.44 33.09 , 5.77 33.08 6.42
5 23.01 17.28 . 6.53 16.84 8.58
6 17.48 - 7.37 8.42 - 33.59 5.92
7 8.16 28.99 4.26 39, 60 11.48
8 25.20 9.51 8.30 18.80 5.56
9 17.75 - 26.72 10.55 =™ 26.63 8.24
10 21.88 6.62 3.79 .12.74 6.28
11 17.71 19.44 7.30 45.27 11.92
12 27.50 14.83 11.91 9.60 11.93
13 23.85 5.17 g8.42 9.46 9.16
14 30.05 28.50 2.38 20.32 10.49
15 16.02 8.24 11.58 2.03 18.42
Retaention Phase .

1 6.42 39.25 17.16 ~ _ﬁ\\;;efév ) 9.83

, | | / ,
, N
¢
-99. .



Total Error

The values represgsent the total error scores with four
trials comprising one block. :
<

BLOCK 1
Acquisgition Phase

14.56
29.10
25.56

. 20.07
28.47
26.36
13.20
25.26

. 21.99

10 28.99

11 20.99

12 30.78

13 29.18

14  30.55

15  16.04

wo-~lo 0 bW

Ratention Phasa

1 21.42

26.22
19.65
23.45
33.89
28.77
29.73
30.40
22.42
26.73
29.23
22.21
33.11
21.85
28.53
25.85

39.70.

SUBJECT

- 100 -

3

27.30
25.05
25.50
24.83
34.58
31.54
32.14
41.60
38.20
41.10
33.93
32.03
32.24
26.49
34.58

23.48

32.26
54.14
74.51
41.06
31.44
35.51
60.52
24.86
53.81
27.11
46.29
43.45
27.85

47.97

11.66

35.61

17.45
1203
13.60
9.15
9.62
6.11
12.12

5.65

23.18

7.87
12.78
12.24
12.11
10.49
19.17

11.23

P



Absolute Error

The wvalues represent the abgsolute error scores with four
trials comprising one block.

SUBJECT

BLOCK 1 2 3 4 5
Acquigition Phase

1 13.30 24.82 26.11 : 30.94 _ 17.36
2 27.27 15.87 24.12 . 53.93 11.43
3 24.35 21.38 23.37 73.53 12.34
4 18.15 32.43 24.14 : 40,43 7.98
5 26.81 25.80 33.96 26.55 . 8.52
6 19.72 28.80 30.39 ‘ 33.03 5.82
7 11.38 26.58 ©31.83 . 46.99 10.62
8 22.01 20.30 40.76 23.83 5.25
9 20.57 25.95 ‘ 36.72 46.76 21.67
10 28.35 28.48 40.94 23.93 7.25
11 17.70 22.00 33.14 43.14 8.97
12 30.54 - 29.60 29.74 42,38 11.35
13 26.09 21.23 . 31,12 26.20 10.91
14 28.52 24.88 26.39 43.45 9.49
15 14.92 24.50 32.58 11.49 16.96,
Retention-Phase

1 20.44 38.77 22.42 . 26.35 10.25

- 101 -



j /-

Control-60 Group

The values represent the distance from the bull's-eye in
centimeters. The number in the parentheses is the section
number that the dart landed in. The negative sign (-) indicates
that the dart. landed to the left of the midline of the board.

SUBJECT
. TRIAL 1 2 3 - 4 5

Acquisition Phase

ay ‘ :
1 20.08 (13) 19.71 (17) 34.36 (2) 55.00 (1) 39.40 (17)
2 -4.48 (20) 14.14 (15) 41.00 (4) 22.02 (4) 53.80 (3)
3 -55,00 (1%) -22.40 (16) 20.63 (4) 19.20 (18) 40.00 (17}
4 17.18 (6) -14.15 (19) 19.77 (6) 6.87 (13) 42.60 (17)
5 -—-47.00 (16) 36.50 (17) 25.72 (2) 16.37 (2) -44.00 (3)
6 15.38 (10) ~12.30 (19) 25.38 (6) . 7.46 (15) =-26.70 (3)
7 i6.45 (10) -28.9%95 (11) 12.97 (4) 17.75 (10) 35.40 (3)
8 16.53 (2) -42.00 (19) 16.52 (2) 11.68 (17) 14.23 (15)
9 19.63 (15) =-26.82'(11) 22.61 (18) 7.82 (10) 42.40 (3)
10 11.62 (2) -33.78 (19) 14.57 (1) -12.21 (11) 47.50 417y
11 37.00 (3) -28.48 (7) -12.63 (16) -18.00 (12) 44.40 (3)
12 9.21 (10) -35.50 (3) 25.75 (17) 10.42 (13) -40.40 (3) -
13 21.90 (2) -35.50 (19) 31.71 (2) 13.81 (20) -63.00 (3)
14 8.43 (10) -31.60 (19) -19.06 (153) -4.80 (9) ~46.00 (19)
15 21.46 (17) =-27.40 (19) -20.48 (3) -10.32 (12) -49.80 (3)
16 11.38 (6) -46.00 (19) 6.97 (20) -13.51 (9) 29.47 (3)
17 -12.44 (3) -36.50 (19) -7.88 (14) 13.00 (#) 37.20 (3)
18 32.78 (2) -47.50 (7) -28.04 (16) -10.69 (5) 41.00 (17)
19 17.06 (17) ~31.23 (1) -38.55 {7) -33.50 (5) 38.00 (17)

20 22.85 (17) =31.57 (7) 19.44 (19) =-14.31 (12) -34.48 (19)
21 35.25 (15) -39.00 (19) -23.83 (19) -12.88 (16) =-30.43 (3)

22 '26.84 (10) =-48.00 (19) -34.47 (3) -16.00 (11) 43.80 (17)
23 -27.21 (19) =-39.00 (19) -39.00 (19) 7.71 (15) 2.18 (13)
24 15,43 (10) -21.56 (7) -37.60 (19) =-36.34 (7) = 14.61 (15)
25 ~-10.19 (3) ~-33.27 (19) =-32.71 (19) =-17.75 (11) =-44.50 (19)
26 12.96 (15) =-26.96 (7) -42.00 (19) -19.08 (7) 12,49 (2)
27 27.20 (3) -13.18 (16) 42.00 (17) -16.64 (8) -28.07 (3)
28 30.49 (15) -30.93 (19) 45.50 (17) -21.68 {16) 16.95 (17)
29 27.02 (2) 11.80 (3) 34.69 (2) ~-19.86 (19) 17.81 (2)
30 15.982 (3) -56.00 (19) - 42.30 (17~ -9.91 (14} 14.8%0 (17)
31 34.39 (15) -36.50 (19) 60.00 (17) -20.51 (9) -27.96 (19)
v32 17.79 (17) -28.02 (19) 58.20 (17) -32.82 (7) 33.10 (3)
33 38.26 (2) -25.07 (16) 56.80 (17) -14.72 (12) 5.59 (15)
34 -20.01% (19) -31.78 (3) 50.40 (17) -23.34 (8) -23.06 (3)
35 36.54 (15) -~13.25 (B) = 67.60 (2} -38.57 (N -6.18 (2)
36 16.17 (17) =-26.00 (19) 5430 (17) -24.71 (7) 21.08 (15)
37 35.51 (10) -=37.50 (19) 44.30 (2) -22.14 (196) 28.24 (3)
38 28.38 (2) -46.50 (19) 47.00 (17) -13.79 (16) 9.51 (1)
39 16.80 (17) -16.05 (3) 44.20 (17) =-28.14 (16} 8.58 (13)
40 —17.4§ (3) -20.78 (19) .24.86 (15) =-32.37 (1%) 16.03 (1D5)
41 -16.91 (19) -33.75 (19) 58.00 (17) ° -7.03 (11) 10.99 (2)

-102 -



42 30.92
43 13.59
44 27.26
45 -14.93
46 16.95
47 28.02
48 24.67
49 16.73
50 1l6.14
51 12,31
52 =-20.88
53 20.91
54 -30.24
55 13.02
56 -21.94
57 24.83
58 25.05
59 =20.00
60 -8.97
Ratention
1 21.30
2 13.40
3 15.90
4 8.97

s

(17)
(2)
(2)
(7)
(17
(2)
(17)
(2)
(2)
(2)
(19)
(17)
(3)
(17)
(19)
(10)
(3)
(16)
(3)

‘Phase

(17)
(2)

(15)
(15)

~14.52
-36.00
~20.04
-40.00
~-26.58

© =34.66

42.00
-43.00
29.79
-34.00
~-35.06
29.63
56.00
-40.00
-40.00
-32.00
-34.21
-27.75
32.65

-27.08
-49.00
-17.47
-48.00

(7)
(19)
(3)
(19)
(19)
(7)
(17)
(13)
(3)
(19)
(19)
(17)
(17)
(19)
(3)
(3)
(19)
(139)
(3)

(7) -

(19)
(7)
(19)

57.60
-33.42
47.20
12.18
43.00
-69.70
55.00
48,40
68.00
68.00
69.80
58.50
39.20
45.00

85.00

53.00
64.00
46.50
43.00

38.50

-52.30
56.00
38.60

- 103 -

(17)
(3)
(17)
(10)
(17)
(3)
(2)
(2)

(17)

(17)
(2)
(17)
(3)
(17)
(17)
(17)
(17)
(2)
(3)

(17)
(19)
(17)
(17)

-20.04
-17.58
-29.67
-16.98
-28.25
-45.50

~-9.67
-34.68
~-38.27
-34.15

=22.25_

-16.23
-40.83
-12.62
-33.61
-32.82
-40.57
-34.87
-35.14

-26.56
-68.20
-21.71
-29.52

(16)
(8)
(3)
(8)
(16)
(19)
(16)
(16)
(7
(19)
(8)
(7)
(7)
(19)
(19)
(7)
(16)
(19)
(7

(19)
(19)
(7)

{7y .

15.
-12.
24.
.34
51
.84
15.
36.
.86
20.
14.
29.
15.
.06

15.

14

18

13.
30.
24.
.31
31.

24

- 27.
17.
39,
28.

45
87
71

36
50

04
60
23
55

97
71
07

78

07
94
20
32

(10)
(3}
(17)
(10)
(15)
(15)
(15)
(18)
(3)
(17)
(2)
(2)
(6)
(10)
(4)
(2)
(15)
(10)
(2)

(2)
(10)
(2)
(6)



Constant Error

The values represent the constant error scores with four
trials comprising one block.

SUBJECT

BLOGCK 1 | 2 ‘ 3 o > 5
Acquisition Phase .
1 -5.56 0.68 '28.94 25.77 43.95
2 0.34. -11.69 20.17 13.32 -5.27
3 19.37 -31.15 ‘ 12.58 -2.99 23.48
4 15.79 -35.13 -0.22 ~-3.71 -32.33
5 15.06 -36.70 -23.45 -11.38 20.43
6 12.58 -36,.89 - ' -33.73 -14.38 7.54
7 15.12 -26.09 3.20 -18.79 -10.78
8, 23.78 -27.18 48.80 -20.78 9.46
9 17.74 -24.03 57.28 -25.34 ' -0.64
10 ‘15.96 ~30.21 40.09 -24.11 15.59
11 13.72 -26.08 32.35 -18.58 . 9.57
iz 13.68 -14.81 10.12 -25.10 13.51
13 6.08 -20.57 63.55 -32.34 15.57
14 -4.56 1.41 56.93 . ~-25.82 19.20
15 5.23 -15.33 51.63 -35.85 . 27.72
Retention Phasea
1 14.90 -35.39 - 20.20 -36.50 28.13

, i
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Absolute Constant Error

The values represent the absolute constant error scores with four
trials comprising one block.

BLOCK

1

Acquisgition Phase

Lo-JdoaonbsWNKE

Retention Phasga’

1

5.56
0.34
19.37

15.79°

15.06
12.58
15.12
23.78

- 17.74

15.96
13.72
13.68
6.08
4.56
5.23

o

14.90

~

0.68
11.69
31.15
35.13
36.70
36.89
26.09
27.18
24.03
30.21
26.08
14.81
20.57

1.41

35.39

15.33

SUBJECT

- 105 -

3

28.94
20.17
12.58

0.22
23.45
33.73

3.20
48.80
57.28
40.09
32.35
10.12
63.55
56.93
51.63

20.20

25.77
13.32
2.99
3.71
11.38
14.38
18.79
20.78
25.34
24,11
18.58

25710

32.34
25)\82
35.85

-36.50

43.95

5.27
23.48
32.33

20.43

T.54
10.78
9.46
0.64
15.59
9.57
13.51
15.57
19.20
27.72

28.13



Variable Error

The values represent the variable error scores with four
© trials comprising one block.

SUBJECT
BLOCK 1 o 2 3 4 5
Acquisition Phase

_ T
1 30.08 17.95 9.05 17.81 5.81
2 27.34 29.75 5.54 4.06 31.60
3 10.89 3.60 . 15.11 12.32 36.92
4 5.98 6.90 21.43 10.58 36.24
5 16.84 6.57 . 11.26 16.53 : 31.73
6 24.02 9.58 5.94 15.61 26.62
7 16.03 7.78 40.70 - 1.88 26.20 .
8 7.43 24.69 10.67 . 8.12 22.68
9 23.46 6.73 _ 6.38 8.55 .16.15
10 20.42 12,33 8.86 6.98 7.85
11 “ 18.82 9.05 : 38.22 8.05 13.87
12 16.99 33.15 48.66 13.51 3.00
13 15.65 . 29.28 8.78 6.04 16.25
14 21.90 42.44 17.66 11.75 ' 5.97
15 20.09 27.80 8.00 2.87 3.55
Ratention Phase
1 4.47 13.55 42.56 18.51  7.54

¢ ¢

-106 -



Total Error

The vaiﬁes represent the total error scores with four
trials comprising one block.

3

SUBJECT

BLOCK 1 2 3 4
Acquigition Phdse

1 5330.59 - 17.96 P 30.32 31.33
2 7T 27.34 31.96 4 20.91» 13,92
3 22.22 31.35 ° 19.66 12.68
4 16.89 35.840 21.43 ~ 11.21
5 22.60 . 37.28 26.04 T 20.06
6 27.12 38.11 34.25 21.22
7 22.03 27.22 - 40.83 18.88
8 24.91 36.72 49.95 4 22.31
9 29.41 , 24.95 57463 26.74
10 25.92 32.63 41.06 25.10
11 23.29 27.60 50.07 20.25
12 21.82 36.30 49.70 28.50
13 16.79 35.78 64.15 32,90
14 22.37 42 .47 59.60 28.37
15 20.76 31.74- 52.24 35.97
Ratention Phase

1 15.55 37.892 47.02 40.93

"l/‘

s -107 -

.44.33

32.03
43.75

- 48.56

37.74
27.67
28.33
24.58"
16.17
7.45
16.85
13.84
22.50
20.11
27.94

1 29.13



Absolute ‘Error

The values represent the absolute error scores with four

trials comprising one block.

BLOCK 1

Acquigition Phase

1 24.19
2 23.84
3 19,37
4 15.79
5 21.28
6 26.18
7 20.21
8 23.78
9 27.75
10 24.69%
11 33.17
12 31.14
13 16.52
14 21.53
15 © 19.71

Ratention Phasa .

1 " 14.90

17.60
29,94
31.15
35.13
36.70
36.89
26.09

33.08

24.03
30.21
26.08
35.81
35.46
41.41
31.65

35.39

SUBJECT

- 108 -

3

28.94
20.17
18.89
19.56
23.48
33.73
40.55
48.80
57.28
40.09
49.05
44.97
63.55
56.93

51.63

46.35

25.717
13.32
12.11
10.61
17.88

18.23

18.79
20.78
25.34
24.11

18.58

25.10
32.34
25.82
35.85

36.50

43.95
.30.08
43.68
47.07
37.67
©22.76
25.50
23.44
13.98
15.59
16.01
13.5.
20.00
19.20
27.72

28.13



d

-1 WwE

o

Control-68 Group

4]

The values represent the distance from the bull's-eye in

centimeters.

number that the dart landed in.
that the dart landed to the left of the midline of the board.

TRIAL 1

The number in the parentheses is the gection

Initial Eight Throws
o

-16.03
13.70
50.00

-41.00

-14.81

-15.00

-18.22

-22.66

(20)
(18)
(1)

(12) -

(3)
(19)
(20)
()

-17.46
-8.77
-5.81

-22.17

~16.70
12.24
15.50
15.33

Acquigition Phase

1

2

3

4

5

6

7

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

-14.30
-28.57
-28.90
-43.00
-9.27
16.25
-25.41
-15.65
-20.55
10.25
-10.80
-28.94
11.85
-22.32
=-32.17
-11.06
‘;11.91
q45.00
-22.94
-19.85
-8.61
11.15
-52.00
9.69
-6.43
11.71
-10.61
-8.15
13.88
-34.81

(11)
(9)
(17)
(5)
(11)
(1).
(2)
(3)
(20)
(18}
{13)
(14)
(17)
(14)
(3)
(3)
(11)
(16}
(3)
(9)
(14)
(20)
(12)
(18)
(7)
(1)
(3)
(3)
(18)
(12)

-4.00

-12.68

5.35
-32.50
-2.45
8.91
-10.78
-11.71
5.46
5.79
-5.39
7.70
-32.57
-2.85
~9.28
14.34
5.58
-15.37
-6.70
-8.64
-14.15
-7.95
-12.71
12.25
-13.89
-14.88
~5.98
~18.44
8.94
-11.72

(9)
(12)
(3)

A3)
(12)

(15)
(1)
(1}

{7)
(19}
(1)
(3)
(11)
(10)
(14)
(11)

(2)

(17)
(12)
(2)
(3)
(12)
(8)
(2)
(10)
(19)
(9
(14)
(13)
(19)
(16)
(17)
(19)
(8)

(14) 7

(7)
(6)
(12)

SUBJECT

24.41
31.33
52.00
34.80
-9.39
44.40
36.20
33.09

16.98
25.98
17.63
14.69
24.48
22.02

4.73
-4.80
31.91

8.41

8.68
22,12
20.89
13.18
21.89
13.96
15.50
12.05
27.66
10.61

16.00

20.51
21.86
29.54
-13.88
15.15
30.00
-9.08
13.60
41.50

-109 -

3

(10}
(15)
(13)
(4)
(16)
(4)
(3}
(4)

(13)
(1)
(6)
(13)
(6)
(2)
(10}
(3)
(18)
(6)
(15)
(6)
(15)
(10)
(13)
(6)
(6}
(4)
(13)
(4)
(4)

(13)

(4)
(18)
(16)
(2)
(6)
(5)!
(18)
(13)

15.00
17.01
7.87
19.25
5.96
-14.05
-22.06
-17.43

9.85
13.8¢6
-29.21
-19.11
24.43
-10.78
-27.67
25.48
-25.37
-25.97
~8.36
13.75
27.69
-8.80

17.97

15.55
-20.90
-11.92

16.24

5.65
13.16
-1.63
21.54
15.56
27.88
11.31
27.77
32.70
26.30
17.89

(8)
(17)
(17)
(15)
(18)
(7)
(3)
(3)

(13)
(17)
(19)
(19)
(3)
(14)
(7)
(3)
(7)
(19)
(3)
(17)
(2)
(8)
(3)
(2)

(19)

(13)
(17)
(2)
(2)
(15)
(17)
(2)
(10)
(17)
(15)
(17)
(6)
(2)

19.69
15.43
16.87
28.07
5.75
14.32
18.25
-24.65

16.54
34.96
30.11
25.25
25.66
27.93
37.50
-17.90
40.40
~20.66
-3.14
40.30
27.88
-32.50
22.43
36.00
-17.42
11.73
14.81
25.24
32.67
59.00
16.10
35.20
37.50
14.26
-13.43
-13.37
-5.17
15.10

The negative sign (-) indicates

(6)

{10)

(13)
(15)
(2)
(15)
(2)
(19)

(2)
(2)
(2)
(15)
(17)
(17)
(3)
(17)
(3)
(19)
(18)
(17)
(17)
(3)
(17)
(3)
(3)
(17)
(17)
(13)
(17)
(17)
(10)
(17)
(3)
(13)
(19)
(3)

.{16)

(17)



31
32
33
34
35
36
37
28
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

-14.32
14.12
-20.34
4.94
-11.,73
9.98
7.29
-21.35
-8.83
19.03
21.08
12.81
-6.76
-6.12
-17.59
12.62
-11.13
14.00

-8.13_

-12.00
16.00
13.60

1.50
-7.30
-10.40
7.40
30.30
-16.20
6.10
22.00

Retention

o Ww e

13.70
18.39
11.30
17.67

(7)
(20)
t11)
(4)
(5)
(10)
(15)
(9)
(5)
(1)
(17)
(6)

(5)

(5)
(9)
(15)
(12)
(13)
(20)
(19)
(4)
(2)
(18)
(3)
(3)
(2)
(2)
(8)
(18)
(15)

Phasea

(20)
(13)
(20)
(13)

-20.38
9.72
-3.22
-17.38
12.38
5.33
6.87
3.45
~5.26
5.27
8.68
-6.69
-22.67
~12.55
-13.12
-9.89
14.41
-11.12
-7.32
-11.00
-17.55
4.55
-9.15

7.68
-7.60
11.12

-20.15

-13.83

4.84"

-6.57

~18.25
-20.14

(7)
(13)
(12)
(3)
(13)
(1)
(17)
(18)
(11)
(13)
(17)
(11)
(7}
(3)
(17)
(16)
(15)
(16)
(5).
(9)
(16)
(4)
(19)
(17)
(9)
(10)
(3)
(16)
(2)
(11)

(7)
(16)

-20.98" (16)
8.2315)

17.26
11.92
24.97
12.42
15.41
12.72
-17.56
18.77
-4.14
12.30
6.52

18.50

15.72

9.08
'7.30
14.24

7.07
20.10
12.79%

.15

11.54
15.06
8.17
14.55
1.99
6.39
-10.76
8.71
14.89
12.91

8.99
23.19
53.00
60.00
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(13)
(13)
(1)
(17)
(13)
(6)

(3)

(13)
(3)
(10)
(13)
(17
(13)
(6)
(1)
(17)
(13)
(6)
(2)

(17)

(4)
(10)
(4}

(8)

(13)
(10)
(20)
(18)
(13)
(2)

(13)
(1)
(1)
(4)

18.92
32.57
- 36.00
24.96
27.96
21.30
26.02
33.77
37.74

26.62.

25.51
32.56
32.37
40.00
27.46
30.71
4.45
16.42
-29.29
10.23
13.77

-32.70

26.12
19.77
20.84
6.87
10.97
-12.43
6.24
16.02

4.30
7.00
16.00
8.00

(2)
(2)
(6)
(2)
(2)
(2)
(17)
(15)
(15)
(10)
(15)
(13)
(2)
(2}

(15)

(17)
(6)
(13)
(3)
(17)

(15) .

(17)
(6)
(2)
(3)
(10}
(17)
(3)
(6)
(10)

(1)

(15)

(3)
{13)

-28.40
2.72
17.99
24.88
24.86
-10.43
27.36
1.80
27.08
-5.40
8.05
27.38
15.81
15.04
18.10
-16.89
15.53
32.27
3.07
11.93
9.58
3.78
13.02
15.14
-21.84
18.51
31.58
15.10
-16.26

S 9.91

13.04
11.83

8.53
20.69

(3)
(13)
(17)
(2}
(3)
(3)
(17)
(13)
(17) -
(12)
(1)
(17)
(18)
(17)
(18)
(19)
(13)
(17)
(6)
(17)
(1)
(1)
(17)
(6)
(3)
(2) .
{17)
(17)
(3)
(6)

(17)
(2)
(15)
(2)



Constant EBrror

The wvalues represent the constant error scores with four
trials comprising one block.

s SUBJECT
BLOCK 1 2 3 4 5
Initial Two Blocks
1 14.78 ‘ 20.02 1.67 + =13.55 35.64
2 -11.90 3.42 . 17.67 - 6.59 26.08
Acquisition Phase
1 -6.15  -26.72 -28.79 . -10.96 - 18.82
2 2.87 18.30 -8.52 -4.01 11.61
3 ~-11.4% 14.23 ' -12.51 3.39, 17.78
4 13.10 13.45 -13.43 -7.58% 17.48
5 . =2.73 8.59 -24.93 4 -6.28 16.45
6 12.16 35.74 =9.94 -5.64. 21.98
7 24.92 “6.24 -3.37 -13.30 5.55
8 23.92 -3.94 -5.28 -3.36 21.07
9 27.56 14.33 -4.29 -0.72 .- 1l6.38
10 31.04 12.71 -0.97 - 2.58 2.34
11 32.61 16.57 - 5.25 -8.31 12.46
12 19.76 12.25 -0.53 -4.93 12.18
13 ~-9.50 7.09 2.37 -7.83 9.89
14 18.40 6.21 -2.20 0.51 7.78
15 _ 5.20 10.08 10.55 -8.93 6.44
Retention Phasa
1 8.83 13.52 15.27 _ -=12.79 36.30

2/-111-
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*abgolute Congstant Errors

The values represent the absolute constant error scores with four

trials comprising one block.

BLOCK 1
Initial Two Blocks

1 14.78
2 11.90

Acquisition Phase

6.15
2.87
11.49
13.10°
2.73
12.16
24,92
23.92
27.56 .
31.04
32.61
19.76
9.50
18.40
15 5.20

F
HHErRYo-JAWL B WRE
N O . :

el
& W

Retention Phase

1 8.83

26,
.30
.23
.45
.59
35.
' .24
.94
14.
12.
16.

18
14
13

12

10

13.

s

.02
.42

72

T4

33
71
57

.25
.09
.21
.08

52

SUBJECT

3

1.67
17.67

28.79
8.52
12.51
13.43
24.93
9.94
3.37
5.28
4.29
0.97

5.25

0.53
2.37
2.20
10.55

-112-

13.55
6.59

10.96
4,01
3.39
7.59
6.28
5.64

13.30
3.36
0.72
2,58
8.31
4,93
7.83
0.51
8.93

12.79

. 35,
26

18
11

17

21

36.

64

.08

.82
.61
17.

78

.48
16.

45

.98
5.
21.
i6.
2.
12,
12.
9.
7.
6.

55
07
38
34
46
18
89
78

44

30
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. Variable Error

The values represent the variable error scores with four
trials comprising one block. ;
i

SUBJECT
BLOCK 1 - 2 3 4 5
’ ' S
Initial Two Blocks
1 4.25 4.90 33.97 6:56 10.16
2 10.69 16,82 3.18 13.51 . 20.89
Acquisition Phase “ \ 4'_ Lo
1 18.41 6.80 ©10.15 ¢ 13.98 4.28
2 22.89 S 21.37 ~15.41 8.28" 12.15
3 16.20 26.85 14.62 5.14 9.86
4 33.44 . 26.97 . 16.39 © 16.81 . 3.94
5 14.53 ‘ 15.83 12.27 7.57 6.71
v 6 8.53 15.30 25.50 10.58  4.88
7 8.10 21.29 8.83 4,55 "17.90
8 5.95 .. 15.86 20.60 13.06 ~ 11.95
9 5.42 14.57 12.27 11,09 R 5.09
10 4.93 14.73 15,37 - 4,69 14,21
11 5.13 6.93 12.05° 11.35 . 4.84
q2 10.30 17.99 : 14.03 11.23 . 5.41
13 21.5% 3,77 . 12.54 _ 8.03 5.76
14 7.08 16.31 - 7.06 8.99 . 4.51
15 10.75 17.18 . 17.72 \\\ 9.29 10.18
'Ratentéanrphase' _
1 4.36 4.46 2.90 . 12.17 © 20.97
}_.
\‘
¢
o
-113 - &



Total Error

The values represent the total error scores with four
trials comprising one block,

BLOCK 1
Initial Two Blocks

1 15.38
2 16.00

Acquisition Phase

1 19.41
2 23.06
3 12.86
4 18.77
5 ;v 14.79
6 14.85
7 26.20
8 24.65
9 28.08
10 31.43
11 -31.01 .
12 22.29
13 39.57
14 - 19.71
15 11.94

Retantion Phase

1 9.84

20.51
17.17

27.57
28.13
30.38
30.14
18.01
38.88
22.18
16.35
20.43
19.46
17.96
21.77

8.03
17.45
19.92

14.24

SUBJECT

- 114~

3

34.01
17.96

30.53
17.61
19.24
21.19
27.78
27.37

9.45
21.26
12.99
15.40
13.15
14.04
12.76

7.39
20.63

15.54

15.06.

15.03

17.76
9.20
6.16
8.44
5.83

11.77

14.06

13.49

il1.11
5.35

14.07 -

22.26
11.22

9.00
12.88

17.65

37.
33.

19
16

. 20

17
17

22

41,

g6
41

.30
.80
.33
.92
.67
22.
- 18.

51
74

.22
17.
14.
13.
13.
11.
.99
12.

15
40
36
32
a4

04

91
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" Abgolute Error

The values represent the absolute error scores with four

trials comprising one block.

BLOCK 1
Initial Two Blocﬁs

1 14.78
2 14.88

Acquigition Phase

18.01
22.09
18.36
17.50
13.68
12.97
$ 24,92
23.92
27.56
10 31.04

waoaJae wk

T 11 32.61

12 19.76
i3 21.50
14 18.40
15 11.42

Retantion Phase

a

1 8.83

20.02
15.74

26.72
27.25
26.13
29.70
17.30
35.74
19.64
12.85
19.54
15.41
16.57
20.70

7.09
17.13
18.21

13.52

SUBJECT

- 115 -

3

30.18
17.67

28.79
16.65
17.64
19.35
24.93
20.36

9.23
19.28
11.75
14.13
11.69
13.84
12.43

6.65

18.65

15.27

fry

13.55

14.94

13.63
8.46
6.09

14.76
9.07

11.77

13.30

12.69
9.58
5.21

12.65

12.14

10.11

"8.89

11.35

16.90

35.64
30.77

18.82
14.01
17.78
17.48
16.45
21.98
17.03
21.07
16.38

©13.19

12.46
12.18
9.89
7.78

11.82

. 36.30



Appendix K

%

RAW DATA POINTS AND ERROR SCORES FOR EXPERIMENT

Verbal KR Group

The values represent the dis
centimeters.

number that the dart landed in.

TWO

\
J
\ -

e

N
ﬁane from the bull's-eye in

The number in the parentheses is the section
he negative sign (=)

that the dart landed to the left of the midline of the board.

TRIAL

Acquisition Phage

CEdAU B WNE

12.15
-14.20
-24.65

17.38

~6.14
-13.99

-3.66
~-16.13
-16.73

-9.51
-11.38

21.39
-17.40

-3.81

19.31

-9.07

-23.37,

33.00
-19.17
-38.50
-12.63
-14.75
-19.99
-44.10
~23.66
-17.86

(4) -13.48
(9) -3.71
(19) 6.42
(1)  -24.10
(5) 7.03
(19) 13.89
(11) 12.16
(7y -22.78
(12). -9.81
(9) -2.72
(11) ) 12.30
(1) *t -4.20
(16) )-3.13
(9) -17.28
(1) 42.00
(3) 5.49
(5) 6.24
(20) -17.50
(16) -14.09
(7) -7.40
(14) -11.29
(8) -17.23
(16) -16.04
(1) -14.53
(16) -8.91
(14) -7.41

SUBJECT
3

(19) -38.33 (7)
(16) -14.28 (19)
(17) =-14.98 (7)
(3) -44.40 (19)
(2) 13.24 (6)
(15) -20.35 (14)
(15) -2.87 (1®)
(14) -12.62 (8)
(19) .-7.12 (8)
(19) -7.36 (1)
(18) =-22.61 (19)
(14) -26.76 (3)
(14)° =-5.45 (9)
(5) -4.89 (19)
(1) -14.99 (7)
(17) -16.57 (8}
(4) -13.59.(11)
(16) 4.03 (13)
(8) . -4.70 (8)
(7) 10.12 (17)
(11) -14.95 {9)
(16) -6.96 (7)
(5) -9.84 (16)
(8) -6.10 (14)
(20) -18.65 (11)
(5) -12.09 (7)
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~-35.00
-20.92
-27.84
-20.45
-44.00
-38.96
-36.18
-38.82
~18.00
-25.65
-30.00
-49.60
-48.50
-46.60
-21.55
-28.24
-10.89
-36.70
-23.79
-10.55
-6.47
6.90
16.29
12.49
11.43
28.08

(14)
(7)
(19)
(19)
(16)
(7)
(7
(7)
(19)
(19)
(7)
(7)
(7)
(19)
(14)
(7
(7)
(7)
(19)
(3)
(5)
(20)
(18)
(18)
(10)
(4)

12.41
7.94
-1l6.14
6.92
14.43
2.89
20.02
22.43
46.00
10.17
25.04
24.29
11.86
14.99
2.7
12.20
17.59
14.50
6.88
9.97
-6.15
18.04
11.59
9.41
14.51
5.23

indicates

(13)
(10)
(3)
(6)
(13}
(1)
(10)
(18)

(18)

(18)
(6)
{(15)
(4)
(6)
{15)
(1)
(2)
(17)
(2)
(13)
(19)
(15)
(6)
(10)
(4)
(6)



o7

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

FR VU o

-34.31
-32.97
-39.70
-28.86
-25.71
-32.73
-36.80
~-26.15
-25.28
-63.20
-41.21
-17.91
-18.10
-16.01
-14.00
-17.14
-30.64
11.78
-30.85
-43.40
-3.19
-16.19
-36.50
-33.86
-33.84
15.44
1.97
-12.47
-50.20
-20.20
-13.41
-15.83
-20.34
-23.88

" Retention

-52.50
-17.95
-15.29
-12.77

(7)
(16)
(7)
(16)
(8)
(3)
(16)
(7)
(7)

(19) ¥

(7}
(8)
(19)
(7)
(7)
(3)
(3)
(17)
(19}
(19)
(8)
(19)
(19)
(19)
(19)
(18)
(1}
(7}
(3)
(3)
(7)
(16)
(19)
(7)

Phase

(19)
(8)
(12)
()

1.14
W11.94
12.16
-15.86
-10.20
~10.62
-5.74
-23.60
-19.62
-14.62
5.23
~9.14
-26.92
-14.28
-3.49
-18.91
~20.96
-18.40
-3.69
2.24
-17.01
-6.08
8.34
-3.04
-9.98
-3.11
-8.71
-1.22
-5.76
-19.22
2.73
-8.11
3.53
8.78

-18.89
-43.40
-8.64
-1.50

(10)
(20)
(1)
(9)
(12)
(12)
(11)
(20)
(14)
(14)
(1)
(14)
(14)
(9)
(16)
(3)
(9}
(12)
(9)
(4)
(16)
(16)

(1)

(9)
(11)
(14)
(3)
(3)
(14)
(9)
(17)
(7)
(18)
(6)

(16)
(16)
(3)
(7)

-12.71
~13.92
-16. 48
-28.11
-19.89
-14.74

4.57
-10.15
-22.15
-17.87
-13.33
-23.83

13.72
-20.24
-19,30
-17.20
-26.22
-26.22

-8.44
-18.18
-24.88
-14.58
-29.09%
-18.86
-25.67
-15.58
-14.26
-27.29

-3.01
-22.54
-17.82
-11.26
-24.24
-12.60

-24.97

.15,98
-28.65
;ﬂZ.OS
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(8)
(14)
(16)
(19)
(14)
(9)
(2)
(12)
(11
(3;1
(8)
(12)
(17)
(11)
(7)
(3)
(19)
(7)
*(9)
-(16)
(8)
(7)
(11)
(16}
(11)
(7)
(8)
(16)
(8)
(11}
(11)
(11)
(14)
(11)

(19)
(17)
(14)
(19)

41.00
-18.89
-31.92
-45.00
-47.50

46.00

29.68

-13.34

22.75
24.03
-69.50
18.20
-20.49
17.33
37.50
-17.94
-39.20
12.73
48.00
-16.14
14.47
24.04

- 28.25

29.24
-14.56
-11.50

31.97

13.61

'6.05
8.10

18.85

29.90
-10.08
-19,96

-8.42
5.55
=35.50
4.75

(1)
(7)
(3)
(19)
(19)
(17)
(17)
(7)
(15)
(3)
(3)
(15)
(19)
(2)
(17)
(3)
(19)
(15)
(3)"
(3)
(17)
(17)
(17)
(15)
(3)
(3)
(17)
(17)
(13)
(15)
(17)
(3)
(11)
(12)

(14)
(20)
(20)
(10)

23.53
18.18

7.21
17.75
16.61

3.99
13.21
11,12
19.64
16.37
17.57
22.99
20.14
23.43

6.43
17.07
13.49
15.37
18.24
20.55
20.11
20.28
17.46
20.59
15.22
41.00

6.49°

12.35
27.22
15.04
18.52
19.88
18.99
12.84

21.50
39.00
-38.40
-42.00

(10) -
(10)
(4)
(10)
(4)
(6)
(6)
(15)
(4)
(15)
(10)
(1)
(15)
(4)
(10)
(6)
{10)
(6)
(10)
(13)
(6)
(13)
(13)
(17)
(6)
(1)
(13)
(6)
(10)
(6)
(10)
(15)
(15)
(17)

(17)
(17)
(3)
(3)



o, .

Constant Error

The wvalues represent the constant error scores

trials comprising one block.

BLOCK

Acquisition Phase

oo-JadWwhH

10
11
12
i3
14
15

1

pS

-2.33

-9.98

-4.06

-2.74
-12.01
-22.87
-27.20
-31.75
-37.86
-23.31
-12.50
-23.41
-22.19
-20.23
-18.37

' Retention Phase

-24.63

8.72
2.57
1.11
6.77
8.19
14.77
0.81
- 6.13
15.90
11.28
15.44
6.14
1.95
8.73
1.73

-18.11

SUBJECT
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3

-28.00

-5.65
-15.96
-10.438

-1.04

-9.46
-14.34
-19.81
-11.40
-10.92
-22.24
-16.52
-22.30
-16.78
-16.48

~12.43

with four

-26.05
-3%9.49
-30.81
-36.22
-20.48
7.30
15.41

-19.61

15.78
-13.62

-1.73 -

17.59
7.86
14.93
4.68

-8.41

2.78
14.94
26.38
10.46
12.24

8.22
15.36
12.89
15.09
21.03
13.09
19.80

~23.57

15.28
17.56

-4.88



Abgsolute Constant Error

The wvalues represent the absolute constant error scores with four

trials comprising one block.

wo~-JonhkWwhE

SUBJECT
BLOCK 1 2 3
Acquigition Phase
2.33 ’ 8.72 . 28.00
9,98 2.57 5.65
4.06 1.11 15.96
2.74 6.77 10.48
12.01 8.19 1.04
22.87 14.77 9.46
27.20 0.81 14.34
31.75 6.13 19.81
- 37.86 15,90 11.40
10 23.31 11.28 10.92
11 12.50 15.44 22.24
12 23.41 6.14 16.52
i3 22.19 1,95 22.30
14 20.23 8.73 16.78
15 18.37 1.73 16.48
Retaention Phase
1 24.63 18.11 o 12.43

. \\Q | -119-

26.05
39.49
30.81
-36.22
20.48
7.30
i5.41
19.61
15.78
13.62
1.73
17.59
7.86
14.93
4.68

-
e » T

2.78
14.94
26.38
10.46
12.24

8.22
15.36
12.89
15.09
21.03
13.09
19.80
23.57
15.28
17.56



Variable Error '

The values represent the variable error scores with four
trials comprising one block.

SUBJECT

BLOCK 1 2 3 4 5
Acquigition Phase

1 17.59 11.33 13.54 5.94 11.12
2 5.21 14.85 12.54 - 2.83 7.54
3 14.93 . 8.18 8.85 11.67 12.79
4 13.62 21.90 5.34 11.59 4.60
5 26.96 9.09 8.96 10.78 4.11
6 12.55 , . 2.23 3.46 8.62 8.88
7 6.78 8.30 . 2.57 22.40 ., 6.67
8 5.22 10.79 7 5.14 38.34 4.42
9 15.32 . 6.67 10.17 17.01 3.23

10 10.37 11.52 14.72 35.85 2.36
11 15.35 6.97 4.05 29.22 4.05
12 15.13 ' 6.97 5.95 22.99 0.91
13 21.75 © 6.57 5.35 20.92 10.24
14 19.05 6.62 3.21 ° 10.22 7.56
15 4.04 6.14 5.11 20.38 2.77
Retention Phasa

1 16.20 15.86 17.52 16.60 35.86
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Total Error

The values represent the total error scores with four

trials comprising one block. .
SUBJECT

/ .
BLOCK 1 2 3 4 5
Acquisition Phase
1 17.74 14.30 31.10 - 26.72 11.46
2 11.26 15.08 13.76 39.59 16.74
3 15.47 8.25 18.25 32.95 29.31
4 13.90 22.93 11.76 38.03 11.42
5 29.52 12.23 5.02 23.15 12.91
6 26.08 14.9%4 106.07 11.30 _ 12,10
7 28.03 8.34 14.57 _ 27.19 16.75
8 32.18 12.41 20.46 43.06 13.63
9 40.84 17.24 15.28 23.20 15.43
10 25.51 16.12 18.33 .38.35 21.16
11 19.79 16.94 22.60 29,27 13.70
12 27.87 8.29 ‘ 17.56 ' 28.95 ‘ 19.82
i3 31.07 6.86 22.93 22.34 25.70
14 27.78 10.95 19.14 18.09 17.04
15 . 18.80 6.38 17.25 - 20.91 17.77
Retention Phasa - o

1 29.48 24,07 - c21.48 18.60 36.19
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Absolute Error

The values represent the absolute error scoresﬁwith four
trials comprising one block.Q

-

po~-JadWwhH

- SUBJECT
BLOCK 1 2 3 4 5
i
Acquigition Phase
17.10 11.93 28.00 26.05 10.85
9.98 13,97 12.27 39.49 14.94
14.75 T7.26 15.96 30.81 26.38
12.40 ' 16.98 10.48 36.22 10.46
28.51 11.31 8.11 20.48 12.24
22.87 ' 14.77 9,46 10.54 11.30
27.20 ' 7.35 14.34 24.85 15.36
31.75 12.21 19.81 42.61 12.89
37.86 15.90 ) 13.69 22.45 15.09
10 23.31 13.89 17.78 31.38 ‘ 21.03
11 18.39 15.44 22.24 26.84 13.09
12 23.41 7.26 16.52 25.66 19.80
13 29.91 6.12 22.30 20.8¢9 23.57
14 21.21 8.73 16.78 14.93 15.28
15 18.37 5.79 16.48 19.70 17.56
Retention Phasa
1 24.63 18.11 ' 20.42 13.56 35.33
3
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Visual KR Group

The values represent the distance from the bull's-eye in
centimeters. The number in the parentheses is the section
number that the dart landed in. The negative sign (~) indicates
that the dart landed to the left of the midline of the board.

]

SUBJECT
TRIAL 1 : 2 3 - 4 5
Acquisition Phase
1 52.00 (18) 54.00 (17) 17.14 (15) -6.53 (20) 16.10 (17)
2 16.17 (4) 23.60 (17) =7.91 (9) 29.49 (17) 13.54 (2)
3 -15.50 (16) 28.11 (3) -13.09 (11) -14.66 (16) 16.32 (17)
4 22.76 (6) -24.08 (1e) 10.04 (18) -15.27 (7} 26.29 (17
S 18.31 (4) -18.64 (16) -9.68 (9) -28.98 (7) - 77.00 (2)
6 15.41 (6) =-32.52 (3) 6.02 (2) -21.16 (19) 16.05 (13)
7 -6.93 (9) -17.81 (9) 2.71 (2) -16.80 (8) - 42.00 (18)
8 14.34 (10) -22.83 (19) -6.89 (8) -28.17 (19) 11.62 (10)
9 -8.90 (7) =31.63 (7) -6.04 (9) 9.06 (1) 18.95 (4)
. 10 32.50 (2) -28.98 (19) 14.42 (3) - 17.49 (15) 19.21 (6)
“T1l -24.48 (3) 6.63 (2) -3.95 (11) 17.88 (17) 15.96 (15)
12 17.35 (3) 6.49 (1) 21.00 (15) 11.23 (17 8.81 (4)
13 5.89 (2) -33.96 (7 -3.09 (8) 22.78 (17) 18.43 %gﬁ)-
14 14.40 (2) =13.79 (14) 15.61 (6) - =-32.94 (7) 31.49 {¥5)
15 -27.93 (3) 15.63 (13) 19.22 (6) 28.97 (3) 17.53 (15)
16 18.56 (17) -14.15 (le) 26.07 (17) -56.00 (3) 11.08 (10)
17 17.70 {(17) -20.08 (19) -41.00 (20) 17.03 (17) 9.79 (4)
18 15.30 (10) 24.39 (2)  10.19 (15) -2.76 (8) 18.88 (2)
19 16.81 (3) -19.66 (8) =<18.37 (19) 18.41 (15) 11.78 (10) -
20 8.14 (2) -24.97 (7) =21.95 (20) -13.60 (19) 9.58 (20)
21 -9.11 (14) -38.00 (5) 7.25 (15) 23.49 (3) -7.36 (8)
22 4.69 (4) 15.52 (15) -6.36 (9) -28.55 (19) -5.75 (19)
023 11.29 (6) - =-10.62 (7) -6.29 (12) -10.28 (12) -16.50 (9)
24 30.46 (17) 25.99 (3) -13.69 (12) =-22.67 (7) 15.55 (17)
25 9.57 (2) 8.38 (3) -33.69° (7) -24.10. (19) -30.02 (3)
26 15.06 (17) -32.55 (3) - 4.06 (1) -13.73 (8) -13.13 (7)
27 - 17.08 (3) 19.10 (2) -9.32 (12) -33.13 (3) -6.41 (8)
28 25.34 (15) 19.33 (17) -8.36 -(11) . ~-48.00 (7) 11.00 (18)
29 -60.30 (19) 19.35 (3) -8.49 (3) © -29.03 (16) 4.62 (18)
30 12.81 (2) 33.04 (2) -7.89 (19) --31.63 (19) -8.01 (7)
31 35.57 (15) 32.12 (10) -19.03 (7 -29.58 *(19) -16.13 (8)
32 43.00 (3) ~-32.85 (19) 20.50 (18) -20.38 (16) -18.85 (8)
33 21.46 (3) -28.93 (19) 7.58 (18) -41.20 (7) -11.68 (7) -
34 56.00 (2) 15.71 (2) -18.30 (20) -9.25 (7) -23.13 (7)
35 49.10 (17) 51.00 (2) =12.73 (12) -32.58 (16) -17.97 (3)
36 27.33 (15) 39.10 (17) -5.07 (14) -46.50 (19) -7.00 (14)
37 70.50 {(2) 52.60 (17) -5.03 (14) -18.43 (7) -5.53 (16)
38 50.20 (15) 34.23 (17) -7.74 (5) -33+55 (2) = -6.50 (5)
39 68.00 (17) 26.84 (17) -2.29 (7) -11.44 (8) . 7.07 (10)
40 36.76 (15) .36.01 (2) -10.57 (14) -15.33 (7) -19.34 (19)

41 -17.31 (16) . 36.50 (13) 10.60 (10) -19.47 (16) -13.96 (8)
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42
‘43
44
45
46
47
48
49
50
51
52

53

54
55
56
57
58
59
60

53.00
—32-.89
22.44

18.11
35.60
25.82
11.62

17.07
21.86
44.20
40.30

-27.98
13.12
38.50
50.00
10.19

Ratention

18.18
8,37
20.85

(3)

AS

(15)
(17)
(13)
(10)
(2)
(2)
(2)
(17)
(2)
(6)
(17)
(1)
(3)
(13)

. (3)

(13)
(13)

(15)
Phase

(3)
(2)
(17)
(17)

17.11
28.02
51.00
27.97
41.30
-13.07
24.21
25.58
34.24
31.82
-24.34
12.87
28.46
28.73
29,19
4.08

~-21.64

10.30
-18.99

-32.85.

51,00
-30.74
35.21

(17)
(15)
(3)
(17)
(17)
(3)
(2}
(2)
(2)
(2}
(3)
(17)
(2)
(13}
(17)
(13)

(19) -

(17)
(19)

(3)
(3)
(19)
(17)

-6.64
-19.56
-4.88
13.08
7.82
-11.25
5.47
31.40
6.61
-14.15
-11.56
-26.32
10.33
-9.60
9.83
8.20

-17.38

-26.19
2.09

-23.78
-20.88
-28.00
-33.50
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(3)
(3)
(12
(6
(17)
(12)
(17)
(1)
(18)
(8)

(8)

(3)
(1)
(12}

(15)

(2)
(20)
(7)
(13)

(12)
(16)
(11)
(11)

-31.41
-30.27
-38.00
5.47
-25.15
~20.40
-2%.72
20.72
~16.25
-16.37
13.78
-12.83
-31.66
-20.63
19.44
-25.15
-32.43
-38.00
-34.40

-20.29
-14.82
-27.06
-40.40

(7)
(16)
(19)
(3)
(3)
(19)
(19)
(17)
(7)
(11)

(13)

(7)
(7)
(7)
(3)
(7)
(7}
(3)
(3)

(8)
(16)
(16)

(19)

-13.46
'16.60
-2.52
-15.28
-23.54
-8.70
-17.78
1.80
-12.17

-27.90
-22.24
~28.15

-7.53

{5)
(17)
(16)
(19)
(16)
(16)
(3)
(17)
(19)
(9)
(12)
(19}
(8)
(3)
(9)
(16)
(19)
(7)
(7)

(3)
(19)
(7)
(3)



Rd

Congstant Error

The wvalues represent the constant error scores
trials comprising cne block. -

. SUBJECT

BLOCK 1 2 3
Acquisition Phasa

1 18.86 20.41 - 1.55
2 10.28 - -22.95 -1.96
3 4.12 -11.87 6.36
4 2.73 -11.57 14.45
5 14.49 -10.08 -17.78
6 9.33 -1.78 ~4.77
7 16.76 - 3.57 -11.83
8 7.77 12.92 -3.73
9 38.47 19.22 -7.13
10 56.37 37.42 -6.41
11 22.76 33.16 -5.12
12 22.34 20.10 3.78
13 14.88 16.83 3.08
14 15.49 24.81 -3.94
15 27.895 -6.56 -8.32
Retention Phase

1 12.80 5.66 -26.54 .

-125-

with four

-1.74
-23.78
13.92
-92.30
4.77
-9.50
-29.74
-27.66
-32.38
-19.68
-29.79
-17.54
0.47
-11.42
-32.50

-=-25.64

18.06
36.67
15.73
19.63

- 12.51

-3.52
-9.64
-9.59
~14.95
-6.08
-3.34
-16.33
~10.13
-7.09
-19.18

-21.46



Absolute Constant Error

The values represent the absolute constant error scores with four
trials comprising one block.

SUBJECT

BLOCK 1 2 2 3 }' ' 5
Acquigitionn Phase

1 18.86 20.41 1.55 1.74 i8.06
2 10.28 22.95 1.96 23.78 . . ~ 36.67
3 4.12 11.87 6.36 13.92 15.73
4 2.73 11.57 14.45 9.30 ' 19.63
5 14.49 10.08 17.78 4.77 12.51
6 9.33 "1.78 : 4.77 9.50 3.52
7 16.76 3.57 11.83 29.74 9.64
8 7.77 12.92 3.73 27.66 9.59
9 38.47 19.22 7.13 32.38 14.95
10 56.37 37.42 6.41 - 19.69 6.08
11 22.76 33.16 5.12 ¥ 29.79 3.34
12 .22.34 20.10 3.78 17.54 16.33
i3 14.88 16.83 3.08 - 0.47 10.13
14 15.49 24.81 3.94 : i1.42 - 7.09
15 _27.95 B} 6.56 8.32 32.50 19.18
Ratention Phase .

1 -12.80 5.66 26.54 25.64 21.46
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"Variable Error

The values represent the variable error scores with four

trials comprising one block.

BLOCK 1

Acquisition Phase

1 23.99
2 10.04
3 22.18
4 18.28
5 3.76 ~
6 14.25 .
7 5.66
8 40.84
9 14.44
10 '13.76
11 25.61
12 9.52
13 4.98
14 29.28
15 16.83

Ratention Phase

1 6.90“\

28.
£.84
183.
.70
20.
24,
21.
26,
30.
.41
12.
20.
23.

6.
13.

17

37.

18
46

01
80

97
56

38
18
98

90
96 °

87

SUBJECT
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3

12.44

' 6.51

11.61
10.80
18.30

7.56
13.68
14.67
'9.71

3.08
10.70

9.10
18720
15.22

"13.99

18.36
5.05
3.85

36.17-

13.51
20.16
12.58
. 4.31
14.25

8.38

6.65
13:64
16.96
19.03

4.69

9.56

-

. 4.87 -
v 26.02

4.20
7.41
3.78
11.75
14.70
9.12
6.12
9.34
©12.38
5.32
7.77
2.865
5.64



Total Error

The values represent the total error scores with four
trials comprising one block.

W~ U Wk

SUBJECT
, ® ,
BLOCK 1 ’ 2 3 . . 4 5
Acquisgition Phase
30.51 34.79 12.53 18.44 18.71
14.37 23.68 6.80 24.31 44.96
22.56 . 21.95 13.24 14.44 16.28
18.48 21.14 18.04 37.35 _ 20.98
14.97 22.41 25.52 14.33- 13.06
17.03 24.86 8.94 22.28 12.26
17.69 21.61 18.09 32.29 17.58
41.58 29.90 15.14 27.99 13.24
41.09 36.10 12.04 35.38 16.15
10 58.02 38.59 7.11 21.40 11.14
11 34.26 35.39 11.86 .30.52 12.83
12 24.28 T 28.48 - 9.86 22.15 17.17
13 15.69 29.29 : AB8.46 16.96 12.76 .
14 33.13 25.75 - 15.72 : 22.1%9 . - - 1.57
15 32.63 15.42 16.28 32.83 19.99
Retention Phase
1 14.57 38.29 26.96" 27.37 23.03
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.

Abso%ufe Error

The values represent the absolute error scores with four
trials comprising one block.
»

~ : SUBJECT
BLOCK 1 2 3 . “ a4 5
Acquigition Phase
1 26.61 32.45 . 12.05 . 16.49 18.06
2 13.75 22.95 6.33 23.78 36.67
3 20.81 18.43 11.35 13.92 15.73
4 16.70 19.38 16.00 35.17 . . 19.63
5 14.49 22.28 22.88 12.95- 12.51
6 13.89 22.53 8.40 21.25 11.29
7 16.76 19.84 - 13.86 _ 29.74 15.14
8 37.92 . 29.34 13.98 27.66 11.90°
9 38.47 '33.69 10.92 32.38 . 14,95
10 56.37 37.42 ‘ '6.41 19.69 9.61
11 31.41 33.16 10.42 9.79 11.64
12 22.34 26.64 9.41 0.19 16.33
13 14.88 29.00 '15.93 © 16.78 11.03
14 29.48 ~ 24.81 14.02 21.14 7.09
15 27.95 13.75 13.47 32.50 19.18
Rateaention Phase
1 12.80 37.45 26.54 25.64 21.46
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Vaerbal and Visual KR Group

centimeters.

number that the dart landed in.,

_The values represent the-distance from the bull's-eye ig
The number in the parentheses is the section
The negative sign (-) indicates

that the dart landed to the left of the midline of the board.

TRIAL 1

25
26
27
28
29
30
31
32
33
34
35
3¢
37
38
39
40
41

wodad W=

-17.56
-10.98
-17.34
-12.08
-14.27
-19.65
8.15
-10.80
-10.81
-17.53
8.66
5.66
-7.96
-10.90
18.78
-3.87
-9.95
~-18.34
14.12
-16.78
14.67
12.79
17.717
-11.29
-3.30
10.56
10.57
20.69
25.84
15.14
13.55
23.97
-8.68

22.33

14.63
6.93
.6.85
13.24
26.87
16.72
23.84

'w\:

(7}
(3)
(7)
(7}
(7)
(9)
(10)
(5)
(14)
(3)
(13)
(1)
(9)
(8)
(18)
(9)
(2)
(o)
(4)
(8)
(15)
(1)
(2)
(20)
(3)
(10)
(15)
(17)
(4)
(10)
(2)
(18)
(20)
(2)
(2)
(13)
(1)
(10)
(17)
(18)
(10)

. Acquisition Phase

14.25
17.46

8.9&
6.77

12.65
9.26
25.60
28.45
6.45
~5.99
25.11
4.78
7.89
~-20.09
~-32.83
-15.00
1.81
14.72
~7.56
11.85
-13.83
-13.54
-33.22
-14.83
-14.59
~21.40
~17.00
-2.36
-27.28
-11.96
39.00
-11.33
-4.43
4.14
-11.51
9.37
-16.30
-16.67
16.96
-33.17
25.05

A1)
(3)
(6)
(15)
(3)
(13)
(3) &
(2)
(10)
{3)
(17)
+10)
(15)
(19)
(19)
(16)
(4)
(10)
(16)
(2)
(7)
(16)
(mn
(19)
{16)
(19)
(16)
(5)
(19)
(19)
(3)
(8)
(16)
(15)
(3)
(13)
(3)
(3)
(17)
A7)

(15)

SUBJECT

r

23.26

22.07
-20.97

13.32
-—-4.05
-11.33
-13.44
-15.19
-30.37
-35.99
~10.88

14.59
~-32.43
-16.87
-21.35

-28.56

30.34
-37.71
26.58
14.07
-11.66
-29.24
~—30.26
-25.44
19.83
-28.69
-33.79
-34.68
36.45
18.52
-45.00

19.77

12.56
19.92

- 29.20
-16.41
28.87
.88
7.61
16.72
14.36
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(13)
(18)
(20)
(20)
(12)
(8)
(16)
(8)
(7)
(7)
(19)
(17)
(3)
(3)
(7)
(7)
(17)
(19)
(17)
(2)
(17)
(7)
(3)

(19) .

(3)
{7)
(19}
(19)
(15)
(15)
(19)
(17)
(6)
(2)
(2)
(8)
(6)
(17)
(13}
(17)
(18)

10.
=-27.
~7.
-8.
-36.
-19.
-14.
= 8.
-14.
-51.
-22.
-19.
-9.
.32
-6.
-18.
-18.
-22.
-14.
-13.
-14.
37.
-32.
16.
.79
-39,
23.
-13.
-4,
-8.
-14.
10.
-13.
-14.
-24.
-26.
19,
-19.

-7

~14

7

07
17
67
59
00
19
11
62
07
00
40
05
T4

66
89
54
65
65
49
68
00
82
07

26
38
97
62
88
15
65
69

25°

62
65
79
63

.41
15.
-18.

69
74

(17)

(8)
(19)
(7)
(8)
(8)
(8)
(2)
(16)
(¥)
is)
(7)
(16)
(19)
(19)
(19)
(19}
(3)
(3)
(19)
(8)
(3)
(3)
(13)
(11)

«{7)

(17)
(3)
(13)
(11)
(13)
(17)
(3)
(7)
(3)
(3)
(3)

(7).

(17)
(3)
(19)

-22.63 (19)

-15.72 (3)

-14.80 (19)
-20.99 (19)
-50.50 (20)
-34.43 (19)
15.73 (3)
=-23.74 (3)
~-45,40 (19)
-46.00 (3)
-64.00 (19)
55.60 (17)
-70.50 (3)
8.79 (11
-14.25 (8)
-18.82 ()
' 2.18 (4)
17.20 (17) -
10.68 {(17)
12.62 (4)
-16.94 (16)
-25.11 (19)
20.57 (17)
-9.97 (8)
-22.88 (19)
-34.80 (19)
30.68 (17)
29.35 (3)

=31.33 (19)

~9.03 (19)
-19.12 (19)
49.40 (3)
27.74 (17)
-39.00 (19)
-38.00° (3)
-18.34 (17)

37.40 (17) -

144.00 (X
44.50 (17)
62.00 (17)
34.03 (17)

X



41 23.84
42 19.95
43 92.38
44 22.01
45 17.42
46 14.03
47 36.07
48 - 15.13
49 10.69

- 50 111.7¢

51 15.22
52 18.03
53 25.33
5S4 30.61
55 24.80
56 32.86
57 12.64
58 22.97
59 12.65
60 16.87

Ratention

1 4.18
2 -29.57
3 -34.20
4 g.24

(10)
(10)
(2)

(13)
(10)
(2)

(15)

(13}

{2)
(15)
(2)
(10)
(13)
(10)
(13)
(2)
(10)
(10)
(6)
(2)

Phase

(6)
(3)
(19)
(3)

25.05
30.41
25.71
28.54
20.90
26.56
25.97
26.31
25.31
46.00
33.60
16.28
17.57
24.238
19.70
13.92
24.46

8.62
12.48
11.31

7.93
23.39
34.93
34.35

(15)
(2)
(2)
(17}
(17)
(2)
(2)
(17)
(2)
(17)
(13)
(15)
(3)
(2)
(10)
(10)
(15)
(15)
(10}
(15)

(10)
(15)
(15)

(13)

14.36
-8.13
18.74
.79
9.67
18.88
18.23
18.50
21.29
-5.54
11.65
-3.21
4.01
26.47
11.13
24.66
15.61
32.13
9.89
13.60

10.97
19.80
13.24
11.64
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(18)
(14)
(17)
(10)
(4)
(18)
(2}
(2}
(6)
(14)
(10)
(8)
(6)
(18)
(3)
(17)
(2)
(4)
(8)
(1}

(2)
(17)

(6)

(1)

-18.74
~10.18
40.00
11.49
14.18
14.05
17.43
-11.46
~10.44
30.00
6.10
8.12
~15.82
26.65
11.82
15.52
-19.29
12.56
-8.59
1.76

l6.15
4.52
-35.99
11.07

(19)
(8)
(17)
(17)
(17}
(2)
(17)
(7)
(7)
(17)
(15)
(2)
(3}
(3}
(15}
(17)
(19)

(10)

(9)
(15)

(2)
(3)
(7)
(3)

34.03
-23.47
32.77
53.20
51.00
39.50
.8.87
-27.67
-33.46
-32.87
28.15
-21.02
18.61
19,91
29.23
17.09
12.47
10.79
51.00
33.03

23.90
-31.43
-29.27
-42.50

(17)
(3)
(17)
(17)
(17)
(17)
(2}
(7)
(3)
(3)
(17)
(7)
(17)
(3)
(2)
(18}
(1)
(2)
(18)
(10)

(17)
(3)
(3)
(13)



Constant EBrror

The values represent the constant error scores with four
trials comprising one block.

SUBJECT
BLOCK 1 2 ‘ 3 .4 5
Acquisgition Phasa
1 -14.49 11.86 5,42 . ~8.34 -18.54
2 -9.14 18.99 -11.00 -15.71 -23.24
3 -3.51 7.59 -15.66 -26.63 -24.95
4 -0.9%9 15.01 -24.80 - ~10.65 -23.70
5 -7.74 5.21 8§.32 -17.33 10.67
6 8.49 18.86 -24.15 1.39 -7.86
7 9.63 13.84 -19.33 -11.16 - 0.59
8 19.63 2.89 7.43 -4.25 -2.52
9 8.80 0.61 11.32 -19.80 -16.90
10 15.92 12.30 13.52 5.82 46.98
11 18.80 27.43 6.44 5.64 24.13
12 20.66 24.89 - 16.32 8.55 17.93
13 13.91 30.30 6.05 8.45 ~14,.80
14 28.40 . 18.87 16.57 9.54 21.21
15 16.28 14.22 ‘ 17.81 -3.39 26.82
Retention Phase
1 ~12.84 25.15 13.91 -1.086 -19.55

id
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Absoluta Constant Error

The values represgsent the absclute conatant error scores with four
trials comprising one block.

BLOCK 1

Acquisition Phase

oo WNhPE

14.49

9.14

3.51

0.99

7.74

- 8.49

9.63

19,63

: 8.80

10 15.92
11 18.80
12 20.66
13 13.91
14 28.40

15 16.28
Retention Phasge

1 12.84

11.86
18.99
7.59
15.01
5.21
18.86
13.84
2.89
0.61
12.30
27.43

24.89 .

30.30
18.87
14.22

25.15

SUBJECT

=133 -

3

9.42
11.00
15.66
24.80

8.32
24.15
19.33

7.43

11.32

13.52

6.44

16.32

..6.05

16.57
17.81

13.91

8.34
15.71
26.63
10.°65
17.33
1.39
11.16
4.25
19.80
5.82
5.64
8.55
8.45
9.54
3.39

18.54
23.24
24.95

© - 23.70

10.67
7.86
0.59
2.52

16.90

46.98

24.13

17.93

14.80"

21.21

26.82

19.55



-

Variable Error

The values represent the variable error scores with four
trials comprising one block.

oo~-lae&whdE

SUBJECT
BLOCK 1 2 3 | 4 5
Acquigition Phase . ' ' B
2.99 4.22 17.96 13.17 3.34
10.47 8.19 4.24 15.95 24.43
10.98 11.19 19.80 14.38 47.10
. 11.68 14.73 6.07 4.89 28.98
13.01 8.79 27.25 3.59 5.44
11.55 8.31 .43 - 26.98 17.27
8.53 7.06 22.73 22.38 - 29.73
5.35 25.02 31.09 . 9.24 31.00
11.47 7.99 17.06 5.88 27.06
10 7.25 18.21 -, 10.49 15.35 9.12
11 5.61 2.16 10.70 . 22.69  °  28.65
12 8.98 2.32 3.85 11.63 30.50
13 2.91 10.94 11.00 . 14.38 25.29
14 3.43 - 3,75 9.36 . 15.63 4.74
15 4.23 6.08 8.52 | 11.84 16.48
Rataention Phase
1 '19.17 10.95 3.50 20.58 25.79
a %
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Total Error

The values represent the total error scores with four
trials comprising one block.

BLOCK 1 2

Acéuisition Phasa

1 14.80 12.59
2 13.90 20.68

3 11.52 13.52
4 11.72 21.03
5 15.13 10.22
6 14.33 20.60
7 12.87 15.54
8 20.34 25.18
9 14.46 8.02
10 17.49 21.97
11 19.61 27.51
12 22.53 24.99
13 14.21 32.21
14 28.61 19.24
15 16.82 15.46

Retention Phase

1 23.07 27.43

SUBJECT
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3

20.28
11.79
25.24
25.53
28.49
25.27
29.84
31.97
20.47

- 17.11
12.49.

16.77
12,55

15.03.

19.74

14.34

15.59
22,01
30.26
11.72
17.70
27.02
25.01
10.17

20.66 -

16.42
23.38
14.44
16.67
18.31
12.32

- 20.61

L

5

18.83
33.71
53.30
37.43

. '11.98
- 18.97

29.74
31.10
31.90
47.85
37.46
35.37-
29.30
21.73
31.48

32.60



Absolute Error

The values represent the absolute error scores with £four
trials comprising one block.

o~-JaoulbbwhH

. SUBJECT .
BLOCK 1 o2 3 4 5
Acquisition Phase
14.49 11.86 .19.91 13.38 18.54
13.22 18.99 11.00 19.48 31.10
10.67 10.58 22.96 26.63 - 52.75
10.38 18.95 24.80 10.65 28.09
14.80 8.99 27.18 17.33 10.67
14.13 18.86 24.15 25.14 18.15
11.28 13.84 29.25 22.85 29.43
19.63 22.39 29.94 -9.58 27.22
13.14 7.36 19.52 19.80 30.77
10 15.92 - 20.78 13.52 15.63 46.98
‘11 18.80 27.43 10.51 20.10 35.87
12 20.66 - 24.89 16.32 - 14.28 31.76
13 13.91 30.30 10.42 13.67 28.88
14 28.40 L 18.87 16.57 17.45 21.21
15 16.28 ° 14.22 17.81 10.55 ' 26.82
Retantion Phase
_ ; _
. 1 19.05 25.15 13.91 16.93 ‘ 31.90
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