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Abstract

Context-dependant learning refers to the phenomtrairthere is better performance on a task when th
environmental context that is present during leegmnhatches the context that is present duringnigsti
The present study examined whether contextual degmeres, which have been found in motor
movements, can also be found in the preparatiosgpbfithese movements. Furthermore a possible
mediator role of task difficulty and practice waamined. Therefore two context manipulations
(switched and novel), two sequence lengths (theseakd six-key) and two practice groups (limited an
extended practice) were included. The results dstrated contextual dependencies for the shorteethr
key sequence in both context manipulations. Howekiese results were not confirmed for the six-key
sequence because no effects of context manipulatiea been found for this sequence length. A plassib
explanation for these findings is that context rpatdtion prevented full sequence preparation fer th
three-key sequence due to insufficient time fordbgnitive processor to prepare the sequence -wHgs
not the case for the longer sequence as time paprend identify the sequence was remarkably fonge
than for the shorter sequence. Furthermore nordiffees in the development of contextual dependgncie
between practice groups have been found indic#étiaigthe amount of practice does not mediate the

development of contextual dependencies for thregeskguences in motor-preparation tasks.



Contextual dependencies Go/No-Go DSP task 3

Contents
1. Introduction 4
1.1 Introduction to context-dependant learning 4
1.2 Context-dependant learning in motor skills 5
1.3 Motor-Preparation in the Go/No-Go DSP task 6
1.4 The present study 8
2. Methods 10
2.1 Participants 10
2.2 Apparatus 10
2.3 Task and procedure 11
3. Resaults 13
3.1. Practice phase 13
3.1.1. 3-key sequence 13
3.1.2. 6-key sequence 14
3.2. Test phase 15
3.2.1. 3-key sequence vs. 6-key sequence 15
3.2.2. 3-key sequence 16
3.2.3. 6-key sequence 18
3.3. Awareness 20
4. Discussion 20

5. References 26



Contextual dependencies Go/No-Go DSP task 4

1. Introduction
1.1 Introduction to context-dependant lear ning

In our daily lives we are confronted with a tremeuasl amount of information, yet just a small amaafnt
this information is consciously processed by oairbr\When we want to learn something new, for
example, it seems necessary to put attention oadpects that are necessary to master the aHiliyro
interest and ignore elements that do not have amgtb do with the task itself. These elementstoan
noises, colors, shapes, smells or feelings we @&quer during the process of learning. Togetheretlaesl
any other elements of the situation and the enwiemt form thecontext It is a known phenomenon that
performance can be improved if the context tharésent during encoding of information matches the
context that is present during retrieval (Baddeleysenck & Anderson, 2009; Godden & Baddeley,
1975; Jansen, Harris & Anderson, 1971; Smith 198Bis is what we call aontext-effectvhich

develops throughontext-dependent learning simple example is that a pupil’s performancedree

recall questions (short essay) and cued recaltigmsdfill-in-the-blank) decrements when there are
substantial differences between classroom anddest during examination (Weir & May, 1988). A
famous study regarding the topic of context-depehldarningwas conducted by Godden and Baddeley
(1975) who let divers learn a list of words eithaederwater or on land, and then tested recalleddh
words in either the same or another location. Reselealed that the divers who learned underwater
could retrieve the words better underwater thaland and vice versa, which implicates that conket
an influence on the divers’ performance, thus aedreffect. Numerous other studies examined context
effects, most of them also dealing with verbaltéay in same and different contexts such as noises
(Grant et al, 1998), visual contexts (Murnane &Ip§€1993, 1994, 1995), background music (Balch,
Bowman & Mohler, 1992; Smith, 1985) or even physgital state (Goodwin et. al, 1969; Rickles,
1973). A common explanation for the developmertarftext-effects is thencoding specificity
principle, which states that memory is facilitated if infoina available at encoding is also available at

retrieval (Tulving & Thomson, 1973),
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1.2 Context dependant learning in motor-skill tasks

Wright and Shea (1991) were the first who succdgsitended the topic of context-dependent
learning to the domain of motor skills as they amtdd research on a possible relationship between
environmental manipulations and motor-skill perfarmoe. They distinguished between intentional
stimuli which are essential for the execution @& thsk and incidental stimuli which are not reculifer
the execution of the task but can be later assmtiaith the task “due to their selective presendhié
learning environment” (Wright & Shea, 1991). Wrigintd Shea let their participants learn two sequence
of different length, a three- and a four-key-seageo do so, participants had to repeatedly respmn
stimuli that were presented on a display by pressorresponding keys on the keyboard. The inteation
stimuli - which were crucial for the execution bétsequence - were represented as number and
horizontal position on the display, whereas inctdestimuli were also included to study the possibl
effects of different contexts. Incidental stimulere included by the way that each sequence wasdpair
with a combination of a particular display colosecific tone, a certain vertical position on sbecen,
and a particular placeholder shape. After learpiagicipants who had to execute the task in a fwic
context condition — which means that intentionahsti were in the test phase presented with indiaen
stimuli that have former been presented with a#téve intentional stimuli - showed significantly neo
erroneous responses than participants who hadcetmuexthe task in the test condition where the
incidental stimuli were paired with the same inkemél stimuli as during the learning phase. This
evidence was only found for the longer four-keyusaece. Wright and Shea concluded thus that (1)
context has an influence on performance and (2)tieadifficulty of a task (e.g. manipulated thrbubhe
length of the sequence) mediates the developmehesé context-dependencies. In other words: they
found that a switched context affects participaptsformance negatively and that the executiomof a
easier task and therefore execution of shortereseps is less prone to context manipulations thame m
difficult tasks with longer sequences. Andersonightrand Immink (1998) also conducted research on

the possible influence of task difficulty on corttebependencies in motor tasks. They did not onéy us
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erroneous responses as an indicator for perfornmautomainly reaction time, so they asked participan
in comparison to Wright and Shea (1991) - to readast and accurately as possible. Task diffiouliy
manipulated by restricting the time that particiigamere allowed to view task-relevant informatioml a
the time they were afforded to execute a sequeikeygpresses. The results showed that in the test
phase participants in the more difficult conditigaBorter viewing times) showed slower responsegim
Therefore they concluded that task difficulty playsrucial role on the extent to which context-
dependencies develop (Anderson et al., 1998). Amathportant study concerning contextual
dependencies in the domain of motor tasks is tietydty Wright, Shea, Li and Whitarc (1996) who let
participants execute an immediate or a delayedtietetest after switching the context in a motkitts
task. Results showed that participants who weredagk execute the immediate test showed decrement
performance, whereas participants who were askegdoute the delayed test did not. In a second
experiment participants who should execute theydeldest were asked to mentally reinstate the
incidental contextual information that was presining execution, which in turn caused a contefdef
also for this group (Wright, Shea, Li & Whitarc&9b6). Wright et. al concluded consequently that
incidental contextual information can still playae in participants’ performance on a delayed ifest
participants are explicitly encouraged to mentedinstate the context.

In summary, (a) contextual dependencies have lmamdfin motor tasks and (b) task difficulty,
e.g. manipulated through sequence length, cangotiyminant role in the development of these
dependencies.
1.3 Motor-Preparation in the Go/No-Go DSP task

The present study is particularly interested indeeelopment of contextual dependencies in the
preparation of motor movements and the role thedttfre and task difficulty play in this respecttatk
that is suitable to measure motor movements igif@ete sequence producti(DSP) task (Verwey,
1999; 2003). The DSP task is a motor sequencehaskypically consists of sequences of two to six

stimuli that are presented in a determined oraethé DSP task there are four rectangles presemntée
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screen which light up in a certain order to forseguence. Subjects put their fingers on a keyhioaad
specific manner and respond by means of a key presstimulus that lights up on a display. As sasn
response is given, another stimulus lights up erdibplay until the sequence ends. Every stimututhe
display spatially corresponds to a specific keytankeyboard. After extensive practice subjeatsvary
fast at performing the whole sequence which caattdbuted to the development of movement
representations calledotor chunksThrough the use of motor chunks about 5 key psesan be
executed as one single response (Verwey 1996)ew! first stimulus functions as an indicatortfoar
entire chunk. As this study particularly examinas preparation of a movement sequence, a modditati
of the original DSP-task will be used.

TheGo/No-Go DSRask, developed by de Kleine and Van der Lubb&120s a purely
memory-based version of the DSP-task and distihggibetween preparation and execution of a motor
sequence. The crucial difference with the origb&P task is that during the Go-/No-Go DSP-task
participants are not asked to respond to each ktinmmmmediately upon presentation, but instead they
have to wait until the whole sequence is presemtéidr the presentation of the sequence a fixatimss,
which is positioned central above the rectanglis with either green (go-trial) or red color (igo-trial).
The go-trial indicates that the sequence shoul@dpeduced by the participant, whereas the noigb tr
indicates that no action should be taken. Thiststiivision between presentation and execution of a
sequence assures an execution exclusively from myeffibe division between preparation and execution
of a motor sequence furthermore takes account oi/&gs dual processor theorwhich states that
motor tasks are prepared by a cognitive procesgbegecuted by a motor processor (Verwey, 2003).
The cognitive processor is responsible forgheparationof a movement; it selects and loads the
elements of the sequence into the motor buffereathié motor processor has the function to reactthes
elements andxecutehem. As after extended practice motor chunks ldevibe cognitive processor does
not have to prepare every single key press sepagatd the motor chunk can be executed as a whole b

the motor processor when the first stimulus ofrttegor chunk is presented as a cue. The developofient
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motor chunks decreases thus the processing lottteaognitive processor and therefore reactiondime
decrease as motor chunks develop.

Recently researchers made use of the above dedd@ib-/No-Go DSP task to show context-
effects in the preparation phase of motor movem@igtenberg, Abrahamse, de Kleine and Verwey,
under review). Ruitenberg et al. (under reviewpketicipants learn two sequences consistent efesyx
presses. In the test phase context was manipufai@agh the color of the sequences. Results shawatd
participants in a switched context condition exeduthe task significantly slower than participantthe
same context condition, an effect of context was fiound. Ruitenberg et. al added a third contexte
experiment, a novel context, which did not affeattigipants performance (Ruitenberg, under review).
They proposed thus a type of context-dependencghwdrily occurs when the participant is confronted
with conflicting contexts rather than a merely nave. This paper aims to replicate and deepen these
findings.

1.4 The present study

The present study includes two kinds of contextimaations, two sequence lengths and two
practice groups to examine the possible role ofecdmmanipulations, task difficulty and the role of
practice on the development of contextual deperidsiic the Go/No-Go DSP task. We hypothesize that
(1) both context manipulations will cause an atsdimm of performance and that (2) task difficulbda
(3) practice will mediate the magnitude to which ttontext manipulations affect performance. In the
following the hypotheses will be discussed sepbrate

Each sequence was throughout the practice phastaotly presented in either yellow or blue
color. To measure possible context effects we nugkeof two kinds of incidental context manipulagipn
after practice we present the sequences in a swtahd in a novel context condition. In the switthe
context condition the sequences switch colors (bgrience becomes yellow and vice versa), whaneas i
the novel context condition both sequences areepted in red. According to thencoding specificity

principle (Tulving & Thomson, 1973)oth context manipulations should cause an attemuaf



Contextual dependencies Go/No-Go DSP task 9

performance because in both the switched and thel context condition the context that was presknte
during encoding does not match the context thatdsented during retrieval. However, on the basis o
the findings of Ruitenberg et. al (under reviewdah assumed that only the switched context camditi
would cause an attenuation of performance. If pgdhnts’ performance would only decrement in the
switched context condition but not in the novestbould be explained due to conflicting informatam
the incidental stimulus that was a cue for one sage will then be presented with another sequériee.
context-effect would then develop through mislegdirpectations and interference, thus in this case
there would not necessarily be a context-effethéntraditional way as proposed by the encoding
specificity principle.

Furthermore we divided participants into two gretgp examine the possible role of practice in
context-dependant learning; half of the participapteived limited practice on the sequences, whéde
other half received extended practice. Two oppbsgadtheses can be made regarding the influence of
practice on the development of contextual deperiden®©n the one side it can be assumed that after
extended practice motor chunks are more develdmadafter limited practice and as motor chunks
decrease participants’ dependence on visual stemdlithe cognitive processor (Verwey, 1999) itlsan
expected that — since the contextual manipulaiiotise present study are of visual nature - thereded
practice group will be less sensitive to contextaahipulations. On the other side it can be hymitieel
that since it is assumed that contextual dependsmgvelop due to the association of intentiondl an
incidental stimuli (Wright & Shea, 1991) these asations will be greater after extended than after
limited practice and consequently the extendedtisgroup would be more sensitive to context
manipulations.

Our study included two lengths of sequences, testigate the possible effect of sequence length
and therefore task difficulty on context-dependemicyine with Verwey’s dual processor theory we
assume that context-dependency will be greateh&otonger sequence due to the increased processing

load on the cognitive processor as sequences mgi@dVerwey, 2003). We expect a role of task
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difficulty on the forming of contextual dependersxcies a possible role of sequence length on the
development of contextual dependencies in motésthas already been indicated by other studies
(Wright and Shea, 1991). Wright and Shea foundphdicipants’ performance was significantly more
context-dependent with the four-key sequencesithigmthe shorter three-key sequences in terms of
correctly executed key presses (PC). However fardiice with the present study is that Wright ahdes
focused on PCs whereas our study also includesmesgime (RT) as a dependent variable which is
more sensitive to differences.

In summary, this study aims to deepen knowledgeeming context-dependencies in the
preparation of exclusively memory-based motor s&itks. As research in this specific domain waalyar
conducted it seems not just useful to reproduceesecent results (Ruitenberg, under review) but s
include new aspects which add further knowledghedopic such as the possible influence of differe

sequence lengths on context-dependent learninghaneikecution of the Go/No-Go DSP task.
2. Methods

2.1 Participants

Participants in this study were 48 students (2%rmad 23 female) of the University of Twente. Thei
mean age was 22 years, ranging from 18 to 28 yeanrding to Annett's (1970) Handedness Inventory
46 participants were identified as right-handed 2iparticipants as ambidextrous (an exclusion ®2h
ambidextrous participants did not have any inflgeog the results of the study, so they remaingkan
data set). Participants did not have ADHD, colarthiiess or any neurological disorders. Course aredit
for participation were offered to each participdrite study was approved by the ethics committebeof

Faculty of Behavioral Sciences of the UniversityTafente.

2.2 Apparatus

E-Primé& 2.0 was used for stimulus presentation and dafiatration. The program ran on a Pentium IV

class PC. Stimuli were presented on a 17 inch2hilD7 T5 display.
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2.3 Task and Procedure

Before the actual motor-task started participaatsto sign an informed consent and a screening form
make sure the participants matched the requirenfienparticipation (right-handed, no form of color-
blindness, ADHD or any neurological disorders).tiegrants were then asked to execute the Go/No-Go
DSP task. Therefore participants had to sit behiodmputer and place their fingers of the left hand

the c, v, b and n keys. A fixation cross and faatangles were presented on the screen, each of the

rectangles corresponded with one key.

GO NO-GO
SIGNAL + + SIGNAL

Preparation interval
(1500 ms)

Cue (750ms)

+

Cue (750ms)

Cue (750ms) m
S =e

T

o\ el 4f
WV VT
:.

Trial onset (1000ms)

P

Figure 1: llustration of a complete trial of the Go/INo-Go DSP task for a 3-key-sequence (VINC). Participants had to place the
fingers of their left hand on the C, V, B and N keys which corresponded with the four rectangles. After the whole sequence was
presented the fixation cross above the rectangles indicated a go- (green color) or a no-go trial (red color).
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After 1000ms a rectangle lit up for 750ms, thee@osd rectangle lit up (while the other rectangteior
disappeared), and so on until the whole sequensegvesented in either blue or yellow color. Aftes t
sequence was presented the default screen reappeal&00ms and after that the fixation crosedill
with either red or with green color. If the fixatieross filled red this was presented for 3000nasrem
action should be taken (this happened in 8% afasdes and is calledw-go trial), whereas if the

fixation cross filled green this was presentedlfd®dms and the participants should try to execide th
sequence that has just been presented (in 92%azsals, called go-trial). An illustration of the Go/No-
Go DSP task can be found in Figure 1. Participhatkto learn two sequences of different lengthién
practice phase, one three-key-sequence and okegigequence. In order to prevent finger-specific
effects there were four versions of each sequeanggh created (6-key-sequences: bcncbv, nvbvnc,
cbvbcn, vnenvb; 3.key.sequences: vnc, ben, nvb),. dihe sequences were combined in such a way that
the sequences that participants had to executeodistart with the same key. During the practiceks
one sequence was always presented in yellow anathiee sequence in blue and the sequences were
always presented randomly. Half of the participgreiformed the sequences during one practice block
(50 trials per sequence in total), the limited ficacgroup, whereas the other half of the participa
performed 6 practice blocks (300 trials per segegrbe extended practice group. A practice block
consisted of 100 go and 20 no-go trials. Thereava@ second break halfway through each practide eac
block and a 2min break after a practice block wampleted. During the test phase each participast ha
to execute the task in three different conditiddse was theame context conditidn which the match
between the sequences and the colors of the stivendi the same as during the practice phase. Anothe
was thenovel contexin which both sequences were now presented infteelthird condition was the
switched contextvhere the colors of the sequences were switchad,the sequence that was presented
in blue during practice was now presented in yeldod vice versa. As during practice the sequences
were presented randomly. The order of the conditiwas counterbalanced across participants to avoid

order effects. After completion of the task papanits were asked to fill out two questionnaires st
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asked participants to recall the sequences thégjexuted and write them down. In the second
guestionnaire participants were asked to recoghizie two sequences out of 12 alternatives and

furthermore to indicate how they remembered theiseces.

3. Results

For each participant the mean response time (Rd araouracy per block were calculated. RT was
defined as the time between the presentation afdhsignal and the first key press, and furtherntioee
interval between the first and the second key pragsso on until the sequence ended. Only RTs of
sequences without any erroneous responses weteléacin the analyses. Accuracy was defined as the

percentage of correctly executed key presses.

3.1 Practice phase

3.1.1. 3-key-sequence

We performed an ANOVA with Key (3) as repeated rueas on the limited practice group. The results
showed that there was an effect of Key, F(2,46)32%<.001, which means that some keys were
executed faster than others. This effect occurtedtd the in comparison with the others keys sldws R
on the first key press which represents the resptithe fixation cross. The following key presses
depend on sequence knowledge which requires anktiteof response that can be executed faster. A
mixed ANOVA with Block (6) x Key (3) as repeated aseires was performed on the extended practice
group. Main effects showed that RTs decreased siprastice blockd;(5,115)=60.77p<.001. A closer
look at the data revealed that this effect occub@sically because of the high response times efirgt
practice block (348 ms) in comparison to the furtilecks (RT second block = 258 ms, third block42 2
ms, fourth block = 239 ms, fifth block = 224 msstkiblock = 208 ms). Furthermore there was an effec
on Key, which means that some keys were execusgdrfehan other$;(2,46)=115.1p<.001. The

ANOVA also showed an interaction effect of Key @idck, some keys were thus executed faster than
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others across blockB(10, 230)=3.01p=.01. To account for possible differences betwéawaitdd and
extended practice group a second mixed ANOVA wafopaed on both groups for the first practice
block. Evidence showed a main effect of KE{2,92)=100p<.01, but execution of key presses did not
differ significantly between both grouds(2,92)=0.025p=.98. Furthermore there was no difference in

performance between both group$l,46)=0.73p=.4.

3.1.2. 6-key-sequence

The same analysis was executed for the 6-key-sequém ANOVA with Key (6) was executed for the
limited practice group and again we found thatehgas an effect of Key;(5,115)=42.01, p<.001, due

to the slow response times on the first key pres®mparison with the following key presses. Anothe
ANOVA with Block (6) x Key (6) as repeated measui@sthe extended practice group showed that RTs
decreased across practice blocks significaRi{l§,115)=86.64p<.01 and that — also for this group - there
was an effect of Key;(5,115)=27.45p<.01. However, no interaction effect of Block x Klegs been
found which means that there was no significarfedihce between the execution of keys across hlocks
F(25,575)=1.17p=.26 (Figure 2). To check for possible differenbesnveen groups a mixed ANOVA for
both groups with Key (6) as repeated measuresefirt practice block was executed. Again there wa
an effect of KeyF(5,230)= 52.02p<.01, but no interaction effect of group and perfance,

F(1,46)=0.54p=0.47, indicating that performance between grougsdt differ on the first block.



Contextual dependencies Go/No-Go DSP task 15

block
=

600+

—y
500

— 8§

4

=1

=]
1

3007

mean RT (ms)

2007

1007

key

Figure 2: RTs of the extended practice group across the six practice blocks. The fisure
shows that the first key was executed slowerthan the other keys and that RTs decreased
across practice blocks.

3.2 Test phase
3.2.1 3-key-sequence vs. 6-key-sequence

We performed a mixed ANOVA with Sequence (2; thkeg-vs. six-key sequence) x Condition (3; same
vs. switched vs. new) x Group (2: limited vs. exted practice). Results showed an effect of sequence
length,F(1,46)=13.24p<.001, which means that the three-key sequencexezited faster (227 ms)
than the six-key-sequence (251 ms). However, waélither find an interaction effect of sequenceten
and conditionF (2,92)=1.71p=.186, nor an interaction effect of sequence lengthdition and the
amount of practice;(2,92)=0.08p=.92 (Figure 3). In terms of accuracy we found Einiesults as there
was an effect of sequence length (99.2% of coyrestbécuted key presses in the three-key-sequence;
97.7% in the six-key-sequencé€),1,46)=17.96p<.001, and no interaction effect of length and dtorl,

F(2,92)=0.02p=.99, or length, condition and the amount of pr(2,92)=1.78p=.17. Contrary to
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our hypothesis there was thus no significant déffiee in contextual dependence between the two

sequence lengths.

length
—— short (3-key)
— —a long (8-key)

250 TT—a—

(=]
i
(=]

1

mean RT (ms)
g

2207

T | |
same switched nowvel
conditie

Figure 3 : This figure shows the mean RTs of the different sequence lengths in the three test conditions.
Altough there were no significant differences in contextual dependency between both sequence lengths, this
diagram shows that the shorter sequence had a stronger tendency to be sensitive to context manipulations.

3.2.2 3-key-sequence

We performed a mixed ANOVA with Condition (3) an@¥(3) as repeated measures and
Group (2) as between-subject variable. There waadency of Condition to become significadnf2,
92)=2.43,p=.09 - mean RTs indicated that performance in Witched (230 ms) and in the novel
condition (231 ms) decremented compared to thénadigontext condition (220 ms) (Figure 3). Based o
our hypotheses, we performed separate analyséetl éor differences between both the same/switched
and the same/novel conditions. A significant défere in performance was found between both the
same/switched conditiof(1,46)=3.51p=.035 (two-tailed=.067) and the same/novel condiffeigure

4), F(1,46)=4.95p=.0155 (two-tailed=.031).
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Figure 4: This fizure fllustrates the significant difference in performance between the same and the
novel context condition (mean RT 220 ms vs. 231 ms) for the 3-key-sequence.

A closer look at the data reveals that the sigaiftaifference in performance between same andis@«it
condition was basically caused by the differengeerformance on the first key T1 (same condition =
319 ms vs. switched condition = 347 nfs)1,46)=2.921p=.094, while there was no difference in
performance on T2 (185 ms vs. 186 n5{1,46)=0.072p=.757, and T3 (156 ms vs. 158 nis{],
46)=0.176p=.677 (Figure 5). This was not the case for theegaavel condition, with T1 (319 ms vs.

337 ms), F(1,46)=2.542, p=.118, T2 (185 ms vs.m8%, F(1,46)=3.42, p=.071, and T3 (156 ms vs. 159

ms), F(1,46)=0.314, p=.578, where the second keymast affected.
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condition
3501
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switched

300

mean RT (ms)
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2004
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Figure 5: The difference in performance between same and switched condition occured basically because of
the context-effect on the first key T1 (same =319 ms vs. switched = 347 ms), while keys T2 (183 ms vs. 186
ms) and T3 {136 ms vs. 138 ms) remained nearly unaffected.

Performance between the limited (244 ms) and e@ii211 ms) practice group did not differ
significantly,F(1,46)=2.01p=.16. Moreover, amount of practice did not medih&se results as in both
cases no interaction effect between Group and @ondivas foundf(1,46)=0.237%=.629 for
same/switched condition afdq1,46)=0.927%=.341 for same/novel condition).

We also performed a mixed ANOVA to check for diffieces regarding participants’ accuracy in
the three test conditions. We found that particip@xecuted averaged 99.6% of all key presse®in th
same context condition, 99% in the switched contaxtl 99.1% in the novel context correctly. These
differences in terms of accuracy between the ttesteconditions were not significai(2,92)=1.09,

p=.34.

3.2.3 6-key-sequence

We performed the same analysis for the 6-key-samudtor the 6-key-sequence we did not find any
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effect of ConditionF(2,92)=0.12p=.89. Furthermore performance between limited ateneled practice

group did not differF(1,46)=2.2p=.15, and there was no interaction effect betw&erup and

Condition,F(2,92)p=.518, which means that there was no differenamiriextual dependencies between

both practice groups. We found an effect of Kies,230)=52.74p<.001. Figure 6 reveals this effect

occurred due to the relatively slow response tiorethe first key and the relatively fast respormse ton

the last key in comparison with the other keyseresting is also the forming of motor chunks if one

takes a closer look at the difference betweendithind extended practice. A mixed ANOVA with

Condition (3) and Key (5; T2-T6) as repeated mezssand Group as between-subject variable shows an

interaction effect of Key and Group(4,368)=3.227p=.014 — this means that the amount of practice had

a significant impact on the way individual keys weixecuted. Figure 5 illustrates how motor chunks

have developed for the extended practice group.

4504

4007

3507

mean RT (ms)
T

2504 ,..-\-?:_—__h__‘a————__
- - i —?::\_\‘\4‘_',
200 o N
\.
1507
] I I | I T
1 2 3 4 5 &
key

Group

— limited practice
extended practice

Figure 6: This figure illustrates the segmentation of the sequence into motor chunks. Key 1 was
executed relatively slow in comparison with the subsequent key presses. Furthermore -
i1 the extended group - Kevs 3 and 4 and Keys 5 and 6 were segmented together.
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Finally, a mixed ANOVA was conducted to check fiffedences in accuracy, but there were no
differences between the three test conditions fqaadhe context: 98.1% executed correctly; switched

context: 97.4%; novel context: 97.5%)2,92)=0.76p=.47.

3.3 Awareness

Analysis of the two questionnaires which askedigigents to both recall and recognize their two
sequences revealed that in both extended and dirodtedition all participants recalled and recogdize
their 6-key-sequence correctly (100%). Howevethalimited practice group 22 participants (92%)
recalled the 3-key-sequence correctly and in theneled practice group 23 participants recalle®the
key-sequence correctly (96%). The 3-key-sequencecaaectly recognized by 23 participants (96%) in
the limited version and 23 participants in the eg version (96%). Recall and recognition were not
better after extended than after limited pract¥df=1)=.356,p=.551for recall on 3-key-sequence and

X2(df=1)=.0,p=1 for recognition on 3-key-sequence).

4. Discussion

The phenomenon of context-dependent learning isvirfor quite some time in verbal learning (e.g.
Godden & Baddeley, 1975) and has been successiktiynded to the domain of motor tasks (Wright &
Shea, 1991; Anderson, Wright & Immink, 1998; Abrnaisa & Verwey, 2008). Recently these findings
were further extended to the preparation of motovements where context-effects in a switched cantex
condition have been found (Ruitenberg et al., uneldew).

The present study aimed to reproduce and deepmmdaige concerning the question whether
and in which way context-dependencies develop itorasks which are purely memory based. A motor
task that is suitable for this purpose is the Go-(Bb DSP task which separates preparation and
execution of motor movements (de Kleine & Van debhe, 2011). We used two sequences of different

length, a three-key and a six-key sequence, anditvds of context manipulation — a switched context
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condition in which colors of the two to be learrssdjuences switched, and a novel context condition i
which the sequences were presented in a new ¢althermore we divided participants in two practice
groups; one with extended and one with limited ficac We made the predictions that (a) the context-
effect will be greater for the longer six-key seqgerethan for the three-key sequence, (b) both gbnte
manipulations will cause an attenuation of perfarogaand (c) the amount of practice will mediate the
development of context-dependencies. In the folloythese predictions will be dealt with in detaiko
by one.

As predicted, we found context dependencies ®thhee-key sequence in both the switched and
the novel context manipulation. In other words, emnipulation of the incidental stimulus, sequence
color, had a significant influence on participamstformance as response times slowed down when
sequence color and thus the context changed. §mdine with Tulving and Thomsomncoding
specifiy principlg(1973), which states that memory is facilitateshfbrmation available at encoding is
also available at retrieval; related to the prestauidy this means that the sequence color that was
presented during practice and therefore during@ingdunctioned as a cue that facilitated memorgmvh
it was present at retrieval. Consequently, paicip performed better in the same context conditian
in the switched and the novel context conditiorrtti@rmore it is noticeable that in the novel cohtex
condition one color for both sequences was usecbimparison to the other two conditions participant
could not link a color to a specific sequence,ibstead one color to both the long and the shqesece.
It is therefore possible that the absence of tisisndjuishing aid had an influence on the formifighe
context-effect in the novel context condition.

However, for the longer six-key sequence neithemovel nor the switched context manipulation
affected participants’ performance. Consequently finding that performance did not change forditie
key sequence falsified also our second predictiahthe context-effect will be greater for longer
sequences. At first sight this is quite remarkasliéonger sequences have a higher cognitive waxk lo

than shorter sequences (Verwey, 2003); thereforassemed in the introduction that with increased
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difficulty context dependencies would increase asediator role of task difficulty manipulated by
sequence length has already been suggested bystibers (Wright & Shea, 1991). Wright and Shea
found that participants’ performance, measure@iims of correctly executed key presses (PC),
decremented in a switched context manipulationferfour-key sequence but not for the shorter three
key sequence (it should be noticed that the prestedy, despite the fact that PCs were also regiteut
were generally very low, focused on RTs which apeevsensitive for performance measurements than
PCs). How is it thus possible that in the presamyscontext-dependencies were found for the thege-
sequence andot for the six-key sequence?

We assume that this finding can be explained dymatticipants’ expectations, which were
probably shaped by the incidental stimuli and tepaiated sequence length, and consequently affecte
motor preparation. Verwey (2001) postulateiial processor mod&bhich states that two different
components, a cognitive and a motor processorgeghigl execution of discrete motor sequences. The
cognitive processor prepares the sequence itemwads them into a motor buffer; subsequently the
motor processor reads these items and executesnimaediately. With practice sequences become
familiar and instead of individual sequence elemembtor chunks are loaded into the motor buffer so
that consequently processing load on the cognitieeessor is reduced. In the case of the shoresegu
the context manipulations shaped participants d&tiens in the way that maybe a longer sequenae tha
the three-key sequence was expected by particip@atgext dependencies developed therefore due to
the fact that the cognitive processor had insufictime to identify and prepare the correct seqeemd
load it into the motor buffer so that performanogaired in this case. On the basis of this possible
explanation we assume that in the Go-/No-Go DSPrtesnly the cognitive processor is affected by
context manipulations. This explanation could egglgdoe accurate for the switched context; the
switched incidental stimulus primed the particighekpectations in the way that a longer sequerae w
expected because in the practice phase the cadrden associated with the six-key sequence. In the

case of the six-key sequence, in turn, we assuatéht cognitive processor had sufficient time to
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identify and prepare the correct sequence elensentisat context manipulations could not influence
participants’ performance. In other words, in theesof the six-key-sequence the changing incidental
stimulus did not have the surprise effect that \Wdaé necessary to influence response times orixhe s
key sequence. Obviously, these findings stand itrast to the predictions that have been madeein th
introduction. To address the question what roleisege length plays in the development of contextual
dependencies in memory-based motor tasks furtkeareh could include different sequence lengths tha
those used in the present study. To check if thetioreed explanation is true, sequences of e.g.dnhaek
seven key presses can be used; on the basis gif/dreexplanation context dependencies for the Kexp
sequence should be greater than for the sevenekgyeace. Furthermore if in an experiment with three
and six-key sequences contextual dependenciesopefgelthe three-key sequence, what effect would an
even greater difference in sequence length, eth.timiee- and seven-key sequences, cause? lecan b
assumed that the magnitude of the context-effecidvoe even greater, as in the execution of thetesho
sequence — after incidental context manipulatiam-even longer sequence can be expected.

A closer look at the response times on the indiaidkeys reveals that in the switched context
condition of the three-key sequerardy the first key was affected (319ms same vs. 347%vitstsed) by
the changing context. Within DSP sequences Veniginduishes betweesequence initiatiorthe
response time on the first key, th@ncatenation phasevhich represents the transition from one to the
next motor chunk and thexecution phasi which the remaining elements of a motor churk a
executed (Verwey, 2010). In terms of this divisadrsequence execution the switching context dig onl
affect the initiation of the sequence, whereastterution phase was unaffected. This finding cao bé
connected to a model postulated by Sternberg, MioKs®ll and Wright (1987) which states that two
independent stages are involved in the executi@ensgiquential motor skill. In the first stage semee
elements have to be identified and loaded intartbtor buffer — in the second stage these elemants ¢
subsequently be executed. According to this madekeal factors such as context manipulations shoul

not affect sequence elements past the first (thasthe sequence initiation). In the case of tieeqnt
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study this prediction is true, bahly for the switched context as in the novel contbgtsecond key was
also affected. Further research could addressubstign whether switched context manipulations for
short sequences in motor preparation tasks maffdgtesequence initiation whereas the executiorspha
stays mostly unaffected. It is also noteworthy thdioth context manipulations the last sequenge ke
was nearly unaffected which shows that during ttezetion of earlier sequence elements later seguenc
elements still have to be prepared by the cognjireeessor (Verwey, 2001). Due to the fact that ithi

not the case for the last sequence element thiekeir was unaffected.

Another issue this paper addressed was whethantbent of practice mediates the development
of contextual dependencies. In this respect itusial to know in how far participants rely on vau
information when preparing a sequence, because sgmuences can be executed without the need of
visual stimuli it can be assumed that context dion should have less effects on performance.
Hikosaka et al. (1999) propose that motor sequeareefirst learned in terms of visual-spatial caoates
and become mostly motor based with practice. Dankland Van der Lubbe (2011) noticed that the load
on visual-working memory is increased in unfamiBaguences as compared to familiar sequences.
Furthermore Verwey (2001) noticed that with thealegment of motor chunks the need for the cognitive
processor to prepare every single key press andlistimulus diminishes. Since context maniputatio
in the present study are of visual nature, it cdndpredicted that with practice context-effectsildo
diminish. On the other hand we mentioned the assamfhat since contextual dependencies are
assumed to develop through associations betweemtiomal and incidental stimuli, these associations
could be greater after extended practice. Howenaither the first nor the second assumption wageato
right as both practice conditions showed similartegt effects for the three-key sequence. In other
words, the amount of practice did not mediate #neetbpment of these context effects. A possible
explanation might be that the participants reliameeisual stimuli diminished to early, as perfornoain
terms of RT of the limited practice group was righicantly worse than performance of the extended

practice group (it should be noticed that were amagffect of practice through practice blocks, but
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statistically practice groups still did not diffier performance in the test phase). This is remdykab
because the extended practice group executed five practice blocks than the limited practice group
The assumption that the sequences were probabheasry to master is supported by the fact thadl(a)
participants recalled and recognized the six-keyieace correctly, (b) 92% participants recalled the
thee-key sequence correctly (recognition: 96%) (ahdecall and recognition did not differ for both
practice group.

In summary, the present study successfully dematest context effects in both a switched and a
novel context condition for three-key-sequencefénexecution of a purely memory based motor task,
the Go/No-Go DSP task. However, these findingsacaot be confirmed for six-key sequences. The
results were explained in terms of Verwey's duakcpsssor model by the assumption that the cognitive
processor had insufficient time to identify andgane the short sequence elements. After the intlen
context manipulation the participants’ expectatiaese probably shaped in the way that a longer
sequence than the three-key sequence was exp@cteke other hand the execution of the six-key
sequence was unaffected due to the fact that tidevelequence is presented in advance and could be
easily prepared by the cognitive processor. Thiesinfys stand in contrast to our hypothesis that th
preparation of a longer sequence and therefore diffieult task would cause greater contextual
dependencies. Recommendations for future reseautiisirespect have been made. Furthermore practice
did not mediate the contextual dependencies thet been found, as it could be assumed that both
practice group switched relatively fast to a stalbere they could execute the sequences withowtithe

of visual stimuli.
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