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Abstract

Numerous studies have shown that performance limrmed when the retrieval context
matches the original context, initially studiedtive verbal memory domain and broadened into the
domain of motor skill learning. The present studgswdesigned to address the role of practice
concerning context-dependence of motor chunksenCiBP go/no-go task. The results showed that
practice did not affect the sensitivity of contedtdependencies; the groups with limited practiee a
well as extended practice did not rely on contegtdres during performance. It is proposed that aft
extensive practice motor chunks develop triggesethb first presented stimulus. The limited pragtic
group had sufficient training for the formation mbtor chunks. Moreover, the study examined the
impact of context-dependencies during the presentatf differently structured sequences (two
different chunks vs. one repeated chunk). Wherngieints had to reproduce a second different chunk
context dependencies emerged which facilitatedetreeval of a representation. Based on the firgling
it can be assumed that the demands of the cogmitimeessor, which is responsible for loading and
searching of motor chunks, is too high when cortfdrwith a sequence made up of two different
chunks. Therefore contextual features support doess of a chunk. It is only successful when the
context in which motor chunks have to be retriei®dhe same as during acquisition otherwise a

motor chunk is not completely activated.



1. Introduction

The term “home court advantage” in for example akbtball match or a football match
refers to the observation that a player’s perforrean often better when the match takes place ®n hi
own team’s playing field than on the field of thgposing team (e.g., Schwartz & Barsky, 1977). The
impairment in performance can be explained by therenment which is associated with the learned
skills during training. This example is an illugioa for contextual dependencies which develop
during motor skill learning. The term context-degency effect means that there is a better
performance when the testing environment is sintdathe original environment compared to when
the environment is very different (e.g., Wright &, 1991). The present study examines the role of
contextual dependencies during motor skill acqoisitin regard to the amount of practice. It
specifically focuses on the context-dependence afomchunks. Below the existing literature on
context-dependent learning will be first discusgeal the notion of motor chunks will then be

explained.

1.1 Context-dependent learning

The idea that a situation in which the retrievalimmment matches the original environment
simplifies memory processes, is indicated in thecepts of context-dependent learning (e.g., Wright
& Shea, 1991), procedural reinstatement (e.g., \{ealohimann, Parker, & Bournem, 2005) and
specificity of learning (e.g., Healy et al., 200%5he basic premise of context-dependent learning is
that performance is enhanced when information abksl during training is also available during
retrieval. More specifically, stored informationlisked to the environment in which it was acquired
Therefore, the environment can serve as a cuect@saing learned material.

Numerous studies have demonstrated that the Igaofiinformation can be context-dependent
(e.g. Eich, 1980; Godden & Baddeley, 1975). IHitjanost of the experiments regarding the context-
dependency effect were conducted in the verbal mgndomain. A famous experiment was
conducted by Godden and Baddeley (1975), in whattigipants had to learn lists of words. The
word lists were transmitted through an ear piecs fzed been learned on dry land and underwater,

followed by a recall test. The participants’ penfiance was better in the condition in which the
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environment was the same in the learning phasa #sei recall phase. There was no difference in
performance whether participants learned underwateon dry land. Eich (1980) and Smith (1988)
explained that the context-effect is a result afagting. The environment is memorized as a patef t
whole memory trace. By encoding, the environmentsmve as a cue for recalling information from
the memory trace. Tulving and Thomson (1973) imtpligithin the encoding specificity that if
information available at encoding is also accessiblretrieval facilitates memory.

In more recent years, other researchers have eedetwhtextual dependencies to the domain
of perceptual motor learning (e.g., Anderson et ¥998; Wright & Shea, 1991). Wright and Shea
addressed the question how contextual manipulattiest motor-skill performance. For this purpose,
Wright and Shea trained their subjects on threeeyl&equences in which context stimuli were
manipulated. They categorized environmental stimualio intentional and incidental stimuli.
Intentional stimuli were defined as those that essential to task acquisition, whereas incidental
stimuli are irrelevant for performance but can bsagiated with the task. In this study, the redesasc
focused primarily on the effect of incidental stimuhich shaped the context. Intentional stimulireve
represented as numbers and horizontal positionsa adisplay, which indicated the sequences
participants had to perform. In contrast, to malamuincidental stimuli, each sequence was paired
with a combination of a particular display coloarspecific tone, a certain vertical position on a
screen, and a particular placeholder shape. Afigiicipants had learned the key sequences, they had
to reproduce them. The reproducing was accompligither in the same or in a different context.
When pairing of intentional and incidental stimwas changed, the participant’s performance was
impaired: the percentage of erroneous responsesaswed compared to the condition in which the
relation between incidental and intentional stinmainained constant. These results gave evidente tha
contextual dependencies also develop in the mabonagh; hence the learning of motor skills is
context dependent.

Anderson, Wright and Immink (1998) conducted adiellup experiment in which the conditions
were similar to that in Wright and Shea’s (1991hey broadened their experiment focusing not only

on erroneous responses, but also on reaction dingeto the fact that reaction time is more seresitiv



performance differences. The results showed thhbadh performance is dependent on context

reaction time as well as erroneous responses grodent.

1.2 Motor learning and chunking

In every day life we are flooded with a lot of infieation from our environment. The capacity of
our memory is limited and therefore the questiasearhow the information is dealt with. In order to
find out, how our memory copes with this huge antafrinformation Miller (1956) introduced the
idea of chunking. He explains that cognitive densadecrease, when stored information is structured
more effectively. This means that instead of stpaach element separately single parts are corthecte
to one larger unit. This splicing of informationdalled chunking. Imagine you have to memorize a
telephone number like for instance 2-1-5-6-4-3. BRewoering each and every one of the six digits
separately is harder than remembering a sequeradyofhree pairs of digits like 21-56-43. Chunking
also was detected during motor learning (e.g. Vgnd899).

The discrete sequential production (DSP) task (\égnit999) has proven an appropriate testing
method for finding evidence of the emerging of dtmururing motor skill learning. A decisive
attribute of DSP is that motor sequences that ltavee acquired are relatively short. In this case,
participants had to learn two to six stimuli présenin a determined order. The stimuli consisted of
four horizontally aligned placeholders. The tasksw@ press a certain key on the keyboard after the
corresponding placeholder had lit up on the scréearning of motor movement is comparable to
learning of telephone numbers. Similar to the learof a telephone number the separate elements —
positions of keys on the number pad or keyboarda sequence are associated to each other. An
interconnected structure called motor chunk emerlyegor chunks are selected and executed as a
single response to a stimuli or cue (Abrahamseweer & Jiménez, 2009).

During DSP tasks it can be observed that perform@amhances due to practice. At the beginning
of motor skill acquisition, participant’s perform@nis very slow, because each separate sequence is
executed individually. After extensive practicertfggpants execute the entire sequence in respianse
the first stimulus. Subsequent stimuli are thedamger required. The first given stimulus serves as

cue for processing the whole chunk. Through thiscess automation is attained (Verwey, 1999).



Wright and Shea (1991) came up with the idea tbatextual dependencies become unnecessary with
increased amount of practice. Hikosaka et al. (1888ports this idea by proposing that dependency
on context diminishes with increasing practice doeshifting from visual-spatial coordinates as
trigger, to motor-based initiation. With increasiamount of practice motor sequences are executed
automatically to the extent that they do not needhmattention on contextual features.

Ruitenberg et al. (under revision) examined theaichf practice on modulation of contextual
dependencies. For this purpose participants héehta on a DSP go/no-go task. This task serves as a
gualified method for measuring the effect of preeton contextual dependencies. The DSP go/no-go
task is similar to the DSP task except for stinhding presented as a whole sequence instead of
separately (see below for description of task). fgsilts showed that participants with less practic
performed worse when the sequences were showncimloarr they were not used to during skill
acquisition. Participants with extensive practi¢evged no difference in performance with these
switched colours. This study shows that contexdegendencies only emerge if motor sequences have
not yet been automated.

Verwey (1996; 2001) proposed the idea of a duatgssor, which contributes to motor
sequence learning and explains how movement segsieare produced. The dual processor theory
consists of two components: the cognitive proceasdrthe motor processor. The cognitive processor
selects motor chunks and plans executions whildingathe motor buffer with information, whereas
the motor processor simultaneously reads the coidesnotor chunk and selects them. Buffer loading
can be understood as a kind of short term motoramgmvhich is responsible for the programming of
sequences in advance of their execution if sufiicieme is available (Henry & Roger, 1960;
Sternberg et al., 1978). By learning a new sequenit&lly every single element has to be selected
separately. After extensive practice the motor douf§ consequently loaded with the same elements
resulting in the emergence of motor chunks (e.gweg & Dronkert, 1996).

Magnuson, Wright and Verwey (2004) dealt with theestion whether manipulation of the
incidental context has an impact on the loading seaiching of the motor buffer. The researchers
were interested in gaining insight on the influemfecontextual manipulation on planning motor

movements. For this purpose, the aim was to sepanat movement into the cognitive processor,



namely the planning of movements, and the motocga®or, namely the execution of a movement. In
this study, participants had to learn one- and-felement sequences. The sequences involved either
long or short durations of key-presses. Incidestiahuli were presented as specific tones. The mifch
the tone gave information about the key press murat he task was to study stimulus cues to idgntif
the requested movements as long as necessary {orqgem the response. After movement-
preparation, a go signal appeared indicating thatrhovement should be carried out as soon as
possible. After participants learned the sequenoasisting of short and long key presses, partintga
had to perform the test phase, in which incidestiahuli were manipulated. The pitch of a tone could
no longer be associated with the correspondingesenpu The results indicated that the manipulation
of the incidental context has a deleterious immacthe search within the motor buffer. Changing of
the incidental context aggravated the search ofribtor buffer. This means that certain subsets of
information did not get activated. As a consequeaceotor chunk could not get executed as one
single response. In this experiment the impactootextual dependencies in regard to the load within
the motor buffer was investigated. The results sttbthat manipulating the context has no effect on
organizing of information. Therefore, the motor fleafis still supplied with information which is
essential for the formation of motor chunks. Thigdg provides evidence of contextual dependencies

in regard to the retrieval of motor chunks (Magmys&'right, & Verwey, 2004).

1.3 The present study

Although several studies concerning contextualkeddpncies were carried out focussing on
motor chunks on the one and the effect of praaicéhe other hand, so far there has not been & stud
combining these aspects. The main purpose of thity gs to find out if it makes a difference if the
motor buffer is loaded either with two differentuctks (e.g., bcn-vnc) or with a repetition of thensa
chunk (e.g. ben-ben) during motor sequence leartting taken into regard if contextual dependesicie
emerge and which role practice has to play in perémce in shaping contextual dependencies.

Based on the dual processor theory (Verwey, 19961 consisting of the cognitive and the
motor processor, it could be explained why the etien of a repeated motor chunk is facilitated. The

task of the cognitive processor is to search fontalepresentations and to plan actions. If the sgco



chunk is a repetition of the first chunk, then tognitive processor does not have to apply demands
for loading and searching a mental representagmalse it is still activated. In addition, the atiga
processor executes the sequences in parallel tmahar processor, because a new sequence does not
have to be produced. Under the assumption thasahee chunk does not get repeated, the cognitive
processor has to load the motor buffer with a nepresentation. It can be supposed that when the
cognitive processor has to load the motor buffeicawwith two different representations, the
execution of the sequences is prolonged. Concludivag it is demanding for the cognitive processor
to search for a new representation, it can be asguimat contextual features are applied. A new
representation is retrieved by contextual featurdsich serve as a cue. In this case, contextual
dependencies emerge.

In order to investigate the effect of practice omtextual dependencies of motor chunks, the
DSP go/no-go task was used. After a sequence wasnsh cross appeared indicating, that the
participants should either react to the sequendgrare it and wait for the next sequence. The task
was to reproduce the sequences as fast as posdiblas little mistakes as possible.

The sequences had to be learned in a specific rcatm manipulated afterwards to advert to
contextual dependencies. During the test phaseciparits had reproduce the sequences in three
different context conditions. In the first conditidequences were presented in the same colour as in
the practice condition (same context condition)tha second condition colours were swapped with
the colours of other sequences from the practieseliswitched context condition). In the third and
last case sequences were offered in a completelycokour, which was not used in the practice phase
(new context condition). To test the demands ofdbgnitive during loading into the motor buffer,
two sequences were presented: A sequence considtingrepetition of the motor chunk whereas
different sequence made up of two different motamis.

In this experiment two practice conditions withfelient learning durations were applied in
order to investigate the effects of practice ontextunal dependencies. Half of the participants were
assigned to a short practice phase (limited pragfase), whereas the other half had to go thraugh

longer practice phase (extended practice condition)



Based on the above mentioned experiments and theirlts some hypotheses can be
formulated. First, Wright and Shea (1991) manipmdatontextual dependencies by changing the
relation between intentional and incidental stimiilie results proved that performance diminished
when the context in which the motor skill was lestrwas not the same as during the test phase. In
addition they thought it was possible that practidays a role in the modulation of contextual
dependencies. Ruitenberg et al. (under revisiomdeoted an experiment, which dealt with the
influence of practice on context. It was shown iactice has an effect on the context-dependency.
After sufficient practice tasks were executed awtically without the need of paying attention to
contextual information. Therefore, it can be codeld, that contextual dependencies only emerge in
the short practice condition in this study. Whemtipgpants of the short practice condition have to
perform in the switched or new context conditioaitiperformance is worse than in the same context
condition. Participants of the extended practicedaton show no change in performance within the
three context conditions.

Secondly a study of Magnuson, Wright and Verwey@Gnalyzed which impact contextual
dependencies have on the performance of the maifferb They assumed that changes of context
obstruct the searching for a motor chunk but dohmader the load of the motor buffer. Besides, the
dual processor theory (Verwey 1996; 2001) explthas the cognitive processor can not cope with the
demands of a different sequence and thereforechfml tback to using the context. Therefore, it can
by hypothesized that context dependencies only garduring the execution of a second not repeated
chunk within the extended practice condition (motbunks does not develop in limited practice

condition due to not sufficient training).



2. Method

2.1 Subjects

Forty students (31 female, 9 male) of the Univgreit Twente served as participants in this
experiment. Except for two participants, all wetadents of the Faculty of Behavioral Sciences. The
participants” age ranged from 18 to 25 years witiean age of 20 years. According to the results of
the Annett Handedness inventory (1970) 36 partitipavere tested to be right handed, whereas 4
participants showed no hand preference. All pardicts were healthy and did not suffer from colour
blindness, dyslexia or attention deficit hyperatyidisorder. Subjects received either studentitsed

or participated voluntarily.

2.2 Apparatus

For stimulus presentation and data registrationix2.0 © was used, running on a Pentium
IV class PC. Stimuli were presented on a 17 indifBhLO7 T5 display, and a standard keyboard was

used for giving responses.

2.3Task

Subjects were informed to place their little, ringddle and index finger of their left hand on
the c, v, b and n keys of the keyboard. In thereeoit the computer display, four horizontally akgh
squares emerged, which functioned as placeholderthé stimuli. The placeholders were identified
by a white edging presented against a black inam a black background. In addition, a white
fixation cross appeared on the monitor that wasrakynarranged above the placeholders. The squares
lit up in a determined order one after anotherding a sequence, either in yellow or blue. The
participants had to remember the presented ordévreofequence until they received a signal of the
fixation cross to reproduce the sequence. A go-tsignified by the colour green, informed the
participants to respond to the enlightened stinwitiile pressing in correspondence to the placeholde
the respective key, e.g., by enlightenment of tgbtmost placeholder n is the appropriate key. Red
indicated a no-go trial, which asked the partictpaio wait and attend until a new trial was given.

Figure 1 illustrates how the sequences were predemt a computer screen in the DSP go/no-go task.
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NO-GO

GO
SIGNAL :%m SIGNAL

Preparation interval
(1500 ms)

Cue (400ms)

Cue (400ms)

LA

Cue (400ms)

Trial onset (1000ms)

Figure 1: lllustration of a 3-key sequence presented in yellow. Participants had to place the fingers of
the left hand on the keyboard. After viewing the whole sequence a signal indicates how to respond
(red=wait and green=respond), The task required pressing in correspondence to the placeholder the

appropriate key, in this case v-n-c.

After participants responded correctly a new segeeavas provided, and so on. A sequence was made
up of three successfully enlightened placeholdedsrasponses in a consecutive order. If particgpant
correctly reproduced a sequence, a positive feédivas given. Wrong key presses were indicated by
counting up to the number of erroneous responsélseaénd of each sequence. After a premature
response participants were informed that theirassp was too early and they had to wait until the

fixation cross got coloured. In total subjects teat four sequences of three key presses, namely vnc
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bcn, nvb and cbv. Two of these sequences were misgsdn blue and two in yellow in a
counterbalanced order across and within particgant

In the test phase participants had to respondkey6sequences, the instruction and procedure
remained the same. The sequences the particigenteed in the practice phase were combined in two
ways. The 1x6 sequence was made up of two différietd, namely vnc, ben, nvb and cbv that were
intercombined (e.g., bcn-vnc, nvb-cbv), and the 8e@uence consisting of two trials paired with each
other (e.g., bcn-ben, nvb-nvb). In this experimatgntional stimuli were identified by the enlightsl
placeholders, because they were essential forteeuton of the task, while participants had to
respond as fast and accurately to the represetitadlis The colours of the placeholders served as
contextual (incidental) features. To test contelxilependencies, participants had to perform the
sequences in different context conditions, namames switched and new context. In the same
context condition the 6-key sequences were predeanteither yellow or blue. During the switched
condition, the blue coloured sequences in the jpaphase were filled with yellow in the test phase
and vice versa. The new context condition includethird colour, namely red. In addition, two
colours were combined in one sequence, e.g. baepted in blue was associated with vnc presented
in yellow. The order of the various test conditiowas counterbalanced over and within the

participants.

2.4 Procedure
The experiment took place at the lab of the Cubkuikling at the University of Twente. At

the start of the experiment all participants wesked to read and sign an informed consent. In
addition they had to fill out the Annett Handednésgentory (1970) to ensure that all participants
were right-handed. As mentioned above four paditip were tested to be ambidexter, but due to the
fact that there were no essential differences nfop@ance in comparison to right-handers the result
could be included into the analysis. The subjdus tentered the testing room, where they had tb rea
a detailed written instruction and a summarizedruasion that appeared on the monitor before the

experimenter could start the task.
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Each individual stimulus was presented for 400ms.practice block consisted of 40
repetitions of 3-key sequences and 24 no-go tiialsing the repetitions 30 sec breaks were arranged
for relaxation. Half of the participants completue practice block (i.e., the limited practice grpu
while the other half completed four blocks, hen66 lepetitions per sequence (i.e., extended peactic
group). After participants finished the practiceaph they were asked to fill in a questionnairest t
their knowledge of the learned chunks. The questor examined both recall and recognition.
Further participants could inform about their comtsaegarding the experiment.

The practice block was followed by one test bldblat included 48 sequences that had to be
executed and 12 no-go trials.

Finally, the researcher thanked the subjects feir tparticipation, and those that were

registered in the student system received thedfitcpeints
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3. Results

Sequences which consisted of one or more erronegsponses were discarded from the
analysis. For every participant the mean reaciime {RT) and the proportion of erroneous responses
(PC) per key within the sequence in each block assessed. RT was calculated as the time
participants needed between stimulus presentahdrir@sponse through pressing the respective key.
PC can be defined as percentage of not correctbclegd key presses. Analysis of variance
(ANOVAs) with repeated measures were performed dentify factors that are responsible for
potential differences between the mean of diffeggotips. The data from the practice phase and test

phase were analyzed separately.

3.1 Practice Phase

For the analysis of the limited practice conditimm ANOVA with repeated measures with
Key (3) was used. The results showed that thereangagnificant effect of Key witlk(2,78)=157.76,
p<.001, which indicated that responses to some keyre faster than responses to others. In more
detail, reaction times decreased with positiorhim $equence, that is, responses to key 1 wererslowe
than responses to key 2, and reaction times for&eyere the fastest (462.5ms vs. 307.92ms vs.
259.88ms, for Key 1, Key 2 and Key 3, respectively)

For the extended practice condition an ANOVA widipeated measures with Block (4) and
Key (3) as within-subject variables was performede data of the extended practice condition also
revealed a significant effect of Kef(2,38)=52.83,p<.001. Similar to the limited practice phase,
performance increase across the keys (405.36n2¥8s/6ms vs. 230.49, for Key 1, Key 2 and Key 3,
respectively). Furthermore the data showed thap#r®rmance improved across the blocks, because
reaction times decreasd&(3,57)=36.23,p<.001 (367.73ms for block 1, 289.7ms for block 2,
285.02ms for block 3 and 270.38 for block 4, resipely). A Block x Key interaction could not be
found, F(6,114)=2.59p=.069, indicating that all keys were affected ie #ame way by the practice
blocks.

In order to test for differences between the twacpce groups (limited vs. extended) an

ANOVA with repeated measures on the first prachtack was run with the within-group variable

13



Key (3) and the between-group variable Practice B)idence showed a main effect of Key,
F(2,76)=154.14p<.001, with an decrease in reaction time acroskelys (462.5ms vs. 307.93ms vs.
259.88, for Key 1, Key 2 and Key 3, respectivelg)addition, the reaction time gave no evidence tha
there is a difference in the execution of the Kegaveen both groups, thus no interaction effect was
found, F(2,76)=.11,p=.840. Based on the results it can be assumedthbkaperformance of both

groups did not differ significantly;(1,38)=3.66p=.063.

3.2 Erroneous Responses during the practice phase

An error analysis was performed to examine the raoguof the participants™ performance.
For this purpose the proportion of errors was dated in the practice blocks. For the limited picect
condition a repeated measures ANOVA with Key (3)vebd that the proportion of errors differed
across the keys$;(2,78)=11.07 p<.001 (3.5% vs. 4.9% vs. 4.3%, for the first, setand third key,
respectively).

In order to analyze the proportion of errors fog #xtended practice condition an ANOVA
with the within-variables Block (4) and Key (3) wased. The results indicated no significant main
effect of Key,F(2,38)=3.28p=.078, no significant main effect of Block(3,57)=1.1,p=.349, and no
interaction effect of Block x Key, F(6,114)=1., p%1.

To account for possible differences between the pvamtice conditions, a repeated measures
ANOVA on the first block with Key (3) and the beteregroup variable Practice (2) was performed.
The data revealed different mean averages of ebetrgeen the key$;(2,76)=11.72, p<.001. Most
errors were made on key 2, with 4.9% (3.5% for Kegnd 4.3% for Key 3). Furthermore there was
no main effect of Practicé;(1,38)=1.24p=.273 or interaction effect of Practice x Ké&(2,76)=3.3,

ps>.05.
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3.3 Test Phase

To test the effects of context manipulations oftenachunks in regard to the amount of
practice, a repeated measures ANOVA with Context§8quence (2) and Key (6) as within subject-
variables and Practice (2) as between-subject bariszvas performed. The results showed that
performances differed in the various context coodd, F(2,62)=3.75,p<.05. Figure 2 shows that
reaction time for the new context condition is thegest in comparison to the same and switched

context condition.

410

405+

400

mean RT (ms)
T

390

385

380

T |
same switchecl new

context

Figure 2: Reaction times within the context conditions

For closer examination, planned comparisons werfoqmeed. First, a planned comparison between
the same context and switched context conditiomveldahat performances did not differ significantly,
F(1,33)=.3.04p=.091. The second planned comparison between the aad new context condition
revealed no main effect of ConteX(1,32)=.7,p=.41. Therefore, the differences in performance
within the context conditions are due to the déferes between switched and new context condition.
A planned comparison between switched and new xbotadition proved evidence that performance

is in one context condition better than in the othee, F(1,34)=10.12p<.01. This effect was not

15



further analyzed because it was not of interese. fifesent experiment focuses solely on performance
differences between same/switched context and sawmedontext.

The overall ANOVA analysis revealed a significarifeet of Key with F(5,155)=20.27
p<.001, indicating that specific keys have a longegction time than other keys (see Figure 3).
Moreover, the results showed that participants gpetdnce was better during the execution of a
sequences consisting of a repetition of a motonkhian the execution of a sequence made up of two
different motor chunks(1,31)=22.67p<.001 (see Figure 3). Figure 3 illustrates thattiea times
on key 1 and key 4 are the longest especially énsiquence made up of two different motor chunks,

therefore indicating a Key x Sequence interactitecewith F(5,155)=6.253p<.01.

Sequence
550 d

—twa different chunks
repegted chunk

500+

4507

400

mean RT (ms)

3507

3007

2501

key

Figure 3: Reaction times for keys within the sequences

Neither a Sequence x Context interaction effectan@equence x Key x Context interaction were
found, with F(2,62)=1.55,p=.223 andF(10,310)=2.03,p=.124, respectively, showing that both
sequences and all keys within the sequences werded by context in the same way .

Further analysis showed that their was neithenifsogint effect of practicd=(1,31)=1.52,

p=.227, nor a significant Practice x Context intéicmn effect,F(2,62)=1.84,p=.171. Therefore the
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amount of practice did not enhance performance odutates the results within the context

conditions.

3.4 Erroneous Responses during test phase

For the test phase an error analyses was perfotmexamine the effects of context and
practice on the accuracy of participants™ perforreaifror this purpose a repeated measures ANOVA
with Context (3), Sequence (2) and Key (6) as witkiibject-variables and Practice (2) as between
subject-variable was run. The results revealedgaifgiant effect of Key,F(5,190)=86.69p<.001,
indicating that error proportions were not disttéai proportionally across the keys (1.05% for key 1
1.34% for key 2, 1.97% for key 3, 2.91% for key 3146% for key 5 and 3.38% for key 6).
Furthermore, a significant effect of Sequence Wifh,38)=77.68p<.001 indicated that participants
made proportionally more errors during the execuitdd a sequence of two different chunks than
during the execution of a sequence consisting akpetition of a chunk (3.23% vs. 1.47%,
respectively). Moreover, a Sequence x Key intepactvas foundf(5,190)=28.24p<.001 in which
most errors were made on key 5 in the sequencetwihdifferent chunks (Figure 4-6). In addition,
the Sequence x Key interaction effect was affebyedontext,F(10,380)=2.59p<.05. The Figures 4-

6 illustrate that most errors were made on keythiwithe sequence made up of two different chunks.

This effect was especially found in the switchedtest (Fgure 5).
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Figure 4: Mean PC on Key across the sequences in the same context
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Figure 5: Mean PC on Key across the sequences in the switched context
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Figure 6: Mean PC on Key across the sequences in the new context
Finally, the data revealed that participants alijte the limited practice condition made as
many error as participants of the extended praciocelition,F(1,38)=.02,p=.887. Performance was

not affected by contexk(2,76)=2.95p=.066.

3.5 Questionnaire

For the analysis of the questionnaire a repeataisares ANOVA with Method (2), Sequence
(4) as within subject-variables and Practice (2)oasveen subject-variable was used. Method (2)
indicated that participants had to recall and tcogmize the sequences. The results of the
guestionnaire revealed that participants correotlyalled as many sequence as they recognized,
F(1,38)=.73,p=.397. Furthermore, the data showed that practickrio influence on the amount of
correctly recalled sequenceB(1,38)=1.08,p=.306, nor on the amount of correctly recognized
sequencesF(1,38)=1.95,p=.171. Table 1 shows that the distribution of ccilye recalled and

recognized sequences is proportionally acrossabetactice conditions.
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Limited condition

Extended condition

Recall Recognition
None correct 0 1
One correct 3 3
Two correct 7 8
Three correct 3 2
Four correct 7 6

Recall Recognition

@bmHo
OO WON

Table 1: Number of correct responses within the conditions
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Discussion

The present study aimed to reproduce and deepmmléage concerning the question whether
contextual manipulations affect motor chunks andv hbese context-effects are modulated by
practice. For this purpose the DSP go/no-go taskwgad in which participants had to respond as fast
and accurately as possible to sequences afteviegeahe go-signal. In order to measure context-
effects of motor chunks two differently structureeluences (two different chunks vs. one repeated
chunk) and three different context manipulatiorasr(s, changed and new context) were used. Finally,
to test the effect of practice on context-depengeparticipants were aligned to two practice
conditions of different lengths (limited vs. extedd. Based on the results two major conclusions can
be made. First, results showed no evidence thaitipants’ performance was primed externally by
contextual features after limited practice. Secdhd, retrieval of the second motor chunk within a
sequence consisting of two different motor churksripaired and therefore context-effects emerge.
The findings of the present study will be discusseaiore detail below.

It was hypothesized that contextual dependencgramigh with the progress of practice (e.qg.,
Wright & Shea, 1991), because internal represamstinamely motor chunks are formed, which do
not require paying attention on contextual featubgminst the expectation it could not be proveat th
performance in the group with limited practice dege on contextual features. Therefore, it can be
assumed that performance is not context dependdwire has to be a different trigger for the
response. Tubau, Hommel and Lépez-Moliner (200p)aied that after sufficient practice there is a
change in the trigger of the response. Performasceo longer externally driven (cued by the
environment, like in this case by colors), but éast internally driven cued by motor chunks. Verwey
(1999) noticed that after extensive practice simdgenents of a sequence are formed to a motor chunk
This eases execution of sequences due to thehfatch isequence is processed as a single element. Th
first stimulus of a sequence retrieves the whotgigace.

This finding coalesces with the results of the edéxl practice group, seeing as there is no
indication for context triggering responses. Thotlgh question remains as why performance was not
externally driven, when extensive practice was mgs/NVhen viewing the results no difference in the

speed of reaction time between the limited andrekte practice groups could be observed. It can
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essentially be assumed that both groups made the paogress. This can also be proven in the
questionnaire. The limited practice group recaied recognized as many sequences as the extended
practice group. In this case both groups develapetbr chunks. The unevenly distributed temporal
motor pattern is an indication of the emergencemotor chunks. The increase in reaction time
revealed that a motor chunk was retrieved, whetieaslecease showed that the motor chunk was
processed in one response. In both groups theetriggs motor-based because a single practice block
could be sufficient for the acquisition of motomuciks. A distinctive attribute of motor chunks igith
robustness (Verwey, 2001). Verwey concluded thadr afxtensive practice motor chunks become
reinforced enough to be utilized in alternativeteats.

Moreover Davies and Thomson (1988) explained tbatextual dependencies are intensified
when the context is pointed out to the participaimtshe present study, participants were not ekpli
instructed to pay attention to the presented cela@mnd therefore they had a lower impact on the
results.

By analyzing Ruitenberg’s et al. (under revisierperimental set-up additional indications
are found showing that performance is internaliyeir in this experiment. To begin with sequences
of different lengths were utilized. In the presstudy four sequences consisted of 3-keys, oppased t
two sequences consisting of 7 keys in Ruitenbezga. study. It probably takes longer and is more
complicated and cognitively demanding to estahtisitor chunks from longer sequences. Secondly,
task difficulty (3 keys vs. 7 keys) could serveaamediating factor for the modulation of contextual
dependencies (Wrigth & Shea, 1991). Wright and Stiemonstrated that context-dependencies
emerge during the execution of four-key sequences reot during three-key sequences. Context
dependencies assumably are more extensive forieegeiences, which would have to be verified by
comparing these two sequences directly in a siexperiment.

This study especially focused on context dependeraf motor chunks. It was hypothesized,
that when patrticipants had to perform a sequenessisting of two different motor chunks the
demands necessary to access the second chunkigleee im comparison to a sequence made up of a
repetition (s. dual processor). Due to a sequeansisting of two different motor chunks being more

cognitively demanding for loading the motor buffeontext serves as a support for the retrieval and
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accessing of the chunk. It was assumed that tfestefan only be observed in the extended practice
condition because extensive practice causes thaafmn of motor chunks. Due to the fact that motor

chunks developed in both practice conditions, thiéoing assumptions can be applied to both

practice conditions. The analyzed results undetlieinquired supposition. Results showed that the
cognitive processor was overwhelmed with the lofdh second motor chunk within a sequence

differently structured. The context facilitated tledrieval process.

Suprisingly, only increase in erroneous responsésnat an elongation in reaction time was
observed, although Anderson, Wright and Immink 8)99entioned that reaction time is sensitive in
measuring context-dependencies. In addition, theease of errors could be recognized for a certain
key. As already mentioned, incorrectly executedusaqges were removed from the analysis of
reaction time and were evaluated in the analyserm@neous responses. There is no context effect in
reaction time seeing as it is irrelevant if theusstre is executed in the same, switched, or netexin
condition if the motor chunk was selected correciihe increase of erroneous responses can be
explained by the new and changed context inducirangvexpectations for the participants, causing
motor chunks not to be loaded completely or colye@he manipulation of context leads to elements
of the motor chunk not being activated. This exganhy certain key-presses produced more errors
than other. The motor chunks could not be execateshe single response cued by the fist stimuli and
therefore every element had to be reproduced iddaliy.

Verwey (2010) distinguished between three phasesglihe production of DSP sequences
which are suitable for the present findings. Thgusece initiation, characterized by the response ti
on the first key, the concatenation phase, whiclicates the transition from one motor chunk to the
next and the execution phase in which the motonkfiare executed. In this experiment it can be
assumed that only the concatenation phase wasredpaiter manipulating the context. The transition
to the second differently structured motor chunkswaggravated and therefore contextual
dependencies developed. Sequence initiation rechainaffected after a contextual change because
the load of the first chunk is not cognitive demiagd Furthermore a change in the environment had
also no impact on the execution phase due to ttetiiat the presence of a motor chunk determines

whether a sequence gets executed correctly ortimetenvironment is irrelevant. Thus it can be
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supposed that the cognitive processor is affectdreas the motor processor executes without
impairments. The results match those of Magnusamgiwand Verwey (2004) which gave evidence
that after context manipulation not all elementsnotor chunk were activated.

The fact that performance is enhanced when mataviailable at training is accessible at
retrieval is proven by the encoding specificityngiple (Tulving & Thomson, 1973). Erroneous
responses increased due to the manipulation oérbrithe change of color and the implementation of
a new color altered the original context resuliimgn impairment in loading and searching the motor
buffer.

In summary, the experiment shows that practicenoasffect on the modulation of context. It
should be mentioned, that this conclusion shouldi®eed skeptically, seeing as it is not certairatvh
caused this result. It is possible that motor clufttmed rapidly due to the minor length of the
sequences. In order to judge the effect of practioee accurately a follow-up experiment would be
necessary. It would not only be interesting to examif practice has an effect on context
dependencies, but also after how much practiceetifiést would show up. Several practice control
groups would be reasonable for such an experinddsb, the influence of task difficulty should be
taken into account more specifically and combinetth whe influence of practice. More precisely it
should be questioned how much practice for seq@entdlifferent lengths is necessary to form
context dependencies.

Secondly it can be assumed that the cognitive gssmr is overstrained by two different
chunks forming a single sequence. Therefore théegbiis utilized as a support for the processor
helping with the accessing and handling of motounks. Seeing as only a single suitable
representation is read if the context is the sasrtb@one in which it was acquired it can be catedi

that the retrieval of a representation is contextathdent.
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