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Abstract

The aim of this study was to investigate the effect of combining random or blocked
schedules with a low-error learning model (low- and high-error practice) on learning and
automaticity of dart-throwing skill in both high- and low-working memory conditions.
One hundred participants with no dart-throwing experience were selected and divided into
two classes of high- and low-working memory using the N back working memory test.
Subjects of each class were randomly divided into five groups: blocked/low error,
blocked/high error, random/low error, random/high error and random. After the pre-test
and acquisition phase (three sessions of 70 trials), experimental groups participated in the
retention test (with and without cognitive secondary task). The results showed that in both
high- and low- working memory conditions, the random/low-error group performed the
best performance, and the random/high-error group performed the worst although the
performance of the blocked groups were better in the low-working memory condition.
This result indicated that in high-working memory conditions, the cognitive processing in
the blocked/low-error group was not sufficient to generate a cognitive effort and make an
appropriate challenge to practice. Moreover, the results demonstrated that the three -
random/low error, random/high error and random- groups performed better in high- than
low-working memory conditions at the same time with secondary cognitive tasks. Further,
the results of this study suggested that working memory could play a very important role
in learning motor skills, especially in achieving high levels of task automation.
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Extended Abstract

Background and Purpose

Investigating evidence related to the study of block and random practices proposes
that cognitive efforts are a functional learning feature (1-3), but the evidence from
implicit and explicit motor learning studies suggests that minimizing cognitive
effort during learning can be helpful (4, 5). To explain this contradiction, Randall
et al. (2011) proposed the "implicit motor learning” hypothesis. This hypothesis
states that high levels of cognitive effort due to changing task in random practice
may prevent the learner's conscious focus on their moves, and this will lead to a
more inactive learning style (6). Both theories of elaboration and reconstruction
attribute the increase in cognitive efforts to a changing task, but Brodbent et al.
(2017) indicate that error processing plays an important role in this phenomenon
(7). The aim of the present study, firstly, was to understand how the more or less
error process in blocked and random schedules affected performance and learning.
The second purpose of the current study was to investigate the role of working-
memory capacity in the effectiveness of blocked and random practices as well as
implicit motor learning.

Materials and Methods

A total of 100 participants (mean age=20.3) without previous darts throwing
experience were selected and divided into high and low working-memory classes
using the N-back test. In each category, subjects were randomly assigned into 5
groups including random practice (the random execution from different
distances), random/low-error practice (first, the random execution of distances
close to the target, then random execution of distances away from the target),
random/high-error practice (first, the random execution of distances away from
the target, then random execution of distances close to the target), blocked/low-
error practice (the execution of all trials at the closest distance and then the trials
of the next distances to the furthest distances), blocked/high-error practice (the
execution of all trials of the farthest distances and then all trials of the next
distances to the closest distance).

Each group participated in the pre-test and 3- session practice of 70 trials in three
consecutive days (210 trials in total), and at the end of each session, an acquisition
test was performed. Then, 48 hours later, all groups participated in the retention
test.

There are seven different distances to the target, one of these distances is the
standard distance for throwing the dart (237 cm). in the present study, the
individuals threw at a 45-cm-diameter board, placed 173 cm above from the
ground. A two-dimensional error was used to calculate the movement error of
individuals.
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The secondary transfer task was applied to measure the level of autonomy of
individuals.

In order to compare the groups in acquisition and retention tests, factor analysis
of variance (group x test) was applied. Follow-up one-way ANOVA tests were
utilized to compare experimental groups at each phase (pre-test, acquisition and
retention). Further, the independent t-test was used to compare the two conditions
of high and low working memory in each experimental group.

Results

The results showed that in high-working memory conditions, in the acquisition
test, the blocked/low-error group performed similarly to the random/low-error
group and significantly was better than the random and random/low-error groups.
In the retention test, the performance of the random/low-error group was
significantly better than the other groups, and the blocked/low-error and
random/high-error groups performed worse than the other groups. In low-working
memory conditions, in both acquisition and retention tests, the performance of the
blocked/low-error, blocked/high-error, random/low-error and random groups was
significantly better than that of the random/high-error group. In addition, in the
retention test, the performance of the random/low-error group was significantly
better than that of other groups.

Comparing the automation (performance simultaneously with the secondary
cognitive task) of the experimental groups in both high-and low-working memory
conditions, interesting results were observed. In the high working memory, in the
retention test, the performance of the random/low-error group was significantly
better than that of other groups. Moreover, the results demonstrated that the
performance of the random and random/low-error groups was significantly better
than that of the blocked/low-error group. In low-working memory conditions, in
the retention test, the random/low-error group performed significantly better than
the blocked/low-error, blocked/high-error and random/high-error groups. Further,
the results displayed that the performance of all groups was better than that of the
random/high-error group.

Besides, the findings illustrated that there was no significant difference between
the two conditions of high and low working memory in blocked/low-error and
blocked/high-error groups. In random and random/low-error groups, in retention
and transfer (performing with secondary task) test, there was a significant
difference between the two conditions of high and low working memory in favor
of high working memory.
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Discussion

In the ongoing study, the performance of the random/low-error group (with and
without secondary task) in both high- and low-working memory conditions was
better than that of random and random/high-error groups. This result indicated
that more error processes in the random group, especially the random/high-error
group created cognitive effort which was detrimental to learning, and the
random/low-error group performed better due to the less error processing.

These results could be explained by Guadagnoli and lee's (2004) challenge point
hypothesis (8), representing that there was a certain level of challenge to practice
that was in the interest of learning. More or fewer values of the challenge reduced
the rate of learning. The results of their study suggested that inter-task change was
only one source of cognitive effort. Another important source of cognitive effort
is error processing (9). In the random-errorless group, a cognitive effort resulting
from the interaction between inter-task change (high cognitive effort) and error
processing (low cognitive effort) created an appropriate level of practice challenge
for performance and learning.

Comparing the performance of subjects in both high- and low- working memory
conditions in the acquisition, the retention and transfer test showed that although
there were no differences between high- and low-working memory conditions in
the blocked/low-error and blocked/high-error groups, subjects' performance was
better in high-working memory condition than low-working memory condition in
random/low-error, random/high-error and random groups. The findings of the
current study represented that working memory had a very important role in
learning motor skills, especially in achieving high levels of task automation.

Keywords: Contextual Interference, Errorless Learning Model, Error
Processing, Dart Throwing
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age)!

L olusST g0
«S)L:‘:c;\) o L) Aol dw) ClasS| dnd> oy
- (dad> (g0 595 4w 5o 905l s s o3
("”'_ Acquisition Acquisition Session Pre-test Experime
Retention Test (after (three session in ntal
Test (48 gach practice consecutive days) Groups
hours session)
later)
}‘[;J :);; BB 0 Try, BiLOT St
D C:10Try, D:10Try, ”IS ﬁ*‘“’
i E:10Try, F:10Try, block-
LUTIOWS 10 throws in G:10Try 10throwsin  errorless
n dlgance distance D distance D
ebnte iols 5l by ) b
D L.t D G:10Try, F:10Try, D ilos s sess
E:10Try, D:10Try, becf(
C:10Try, B:10Try, )
10 throws 10 throws in A:10Try 10 throws in errorful
n dlgance distance D distance D
Al Cl Bl EY Dl Fl Gl Bl
)‘s_JU).J\‘ . Dl Fl Ei By a! Gl Cl Dl . .
D il aebjloin E F, A G,D,ED,B, Izt
D G, B AGFG,F D, D alob .
B,C,G,D,AE A, G, ra‘idom
ndisance  Ofrowsin EBGDEILS 10twowsin
distance D o 17 Y 1R [y o AY, Ly i
D F.GEACBEC distance D
A F E F E B




1vaa QLMM-O) FY B)LQ-A:‘I Y 099 sGASP )L'i.é) ¥
Wog,5 (9051 9 ¢ 303 &oliy —) Jguzr ol
Table 1- Practice and Testing Program of Groups
ool
“”‘“’b i1 55051
oo k) Al ) oS Al o,
seteth (4o (SHlgio 395 duo 5o a3l 4 slo3l
- Acquisition Acquisition Session Pre-test Experime
Retention gt (after (three session in ntal
Test (48 gach practice consecutive days) Groups
hours session)
later)
(Al B! C)y (Al Cl B)l
(Bl A! C)y (B! Cl A)l
‘ . (Cl A! B)y (C! Bl A)l
LR by (A, C,B), (B,C,A) S b v o
D alubs o (C, D, E), (C, E, D), D it ol
(E, C, D), (E, D, C) a5
(D, C,E), (D, E, C), -
10thMOws 10 thowsin (. D,E) (£.D,C)  10throwsin oo
in distance ; 0= = = B . errorless
- distance D (E,F,G), (E, G, F), (F, distance D
E, G), (F, G, E)
(Gy E1 F)v (Gv Fv E)y (Ey
F,G), (F, G, E)
(El Fl G)i (E! Gl F)y (Fv
E, G), (F, G, E)
(Gl E! F)! (G! F; E)l (El
‘ul; \’ FIGI F!GiE
)D‘;B alols by ) - - ) Slin e
D (C,D,E), (C,E, D), D alob Uas - ol
) (E,C,D),(E,D,C) Random-
10 throws i (D,C,E), (D,E,C), : ful
o 10 throws in v Eh A 10 throws in ~ €froru
in distance distance D (C,D,E), (E,D, C) distance D
D (A1 Bl C)1 (Al Cv B)l
(Bl A1 C)1 (Bv Cl A)l
(Cl A! B)y (C! Bl A)l
(A, C,B),(B,C,A)
S 2e5

Sg1 D ygocmd HI5 gy . eolawl Jlal &40 @SS 5l o8l g Wass pdaw o jglaiedy
ol slis 490 ST b ol awlgs ol 3l sl (o)l Qb y) ol @dSs 6>l b lejen a5
wlad o Sl G dawgi a5 09y oo g sloe dlasd led a5l ST 0 1yl 5o ]



RYAS )0 ) Al 1 IS o 650l g s oS S5l ool b,

Slaws (g 1ol b GlucST yge;3] slayiigS slas! jo o atwlgs o8l 51 as o Lide e
@SS @y 055 dxgi Coglgl u oS o Soge;] 4.0 5,155 Sigesl ar |y sads idu slalow
w3 oS 55 0T 385 5 oo 2l Coeal 5 45l ST aizren S Sglans Lol
Wosls Julxi' 9 (2L 551 09,

& dladls Loyl n 5l slaS e 10 g (g ool g CluiST ol e o sislesl sboog S duslin jslaiea
b e Slopn] ok il (go3l 03, ol b ly o ogn3T 31l 5 W
PlesSTiogeslinm) ogasl dolie 5l el o 5o (cilesl sloeg S dslio (sl argcse bl
Slplas e jo b o YU (6,5 dladls Lol i g0 duglie gl cpiren ol oolaiwl ((g)lo0l 4
s oolawl Wl mlans oaws b Jies (&5 slagyse;! 51 siulejl sloeg,S

Pl
iy g 09,5 g o 0 (Ll las) 1) ol 3l o Slee 0Kl 90 8 )lads 5 S 8 Lo slo S
IREX9PN Obid Gl g YU (6,15 aladls Loyl i g0 o

High Working Memory

~ =

s
Error
o = N w B (65} [e)]

Pre- 09031 iw Sluis Silesl )\ Jest st
test Acquisition Retetion Transfer 1 Transfer 2
== Block-Errorless s 5 —39duw Block-Errorful as y-3gaue
Random-Errorless s o - Solas Random-Errorful tas ;- Solas

== Random _Jjslai

Al byl 50 4930 Al 0929 (y9s 3 b (99031 3 el JoTre 0 gy sleg S (sly2! Y Ui
(65193 31 dms 4193l GdSS b 1yo Y JUisl colaiST 51 amy 49 9 Gl b ) JLail) YU 6,8
Figure 2- The Performance of the Groups in the Practice and Test Phases with and
without Secondary Task in High Work Memory Condition (Transfer 1: with

Secondary Task after Acquisition, Transfer 2: with Secondary Task after
Retention)
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Figure 3- The performance of the Groups in the Practice and Test Phases with and
without Secondary Task in Low Work Memory Condition (Transfer 1: with
Secondary Task after Acquisition, Transfer 2: with Secondary Task after
Retention)
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Table 2- Factor Analysis of Variance Test Output (High Working Memory)
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Table 4- One-Way Analysis of Variance Post hoc Tests to Compare Groups in Each
of the Tests (Acquisition and Retention) in High and Low Working Memory
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Table 5- Table 4- One-Way Analysis of Variance Post Hoc Tests to Compare

Groups in Each of the Tests (Acquisition and Retention) in High and Low Working
Memory Condition (with Secondary Task)
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with Secondary Task in Each Group (High and Low Working Memory)
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