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ABSTRACT

Task switching produces a number of reliable behaal measures, the main focus
of interest here being ‘switch cost’, the increaseesponse time when switching between
tasks as opposed to performing them separatelyclhwosts are typically measured between
two tasks and compared to a single-task repeattimmdCurrent explanations of switch cost
fall broadly into either active reconfiguration bdsaccounts (e.g. Rogers & Monsell, 1995)
whereby the extra time taken to switch betweenstashttributable to reconfiguration of task
set, or passive carryover accounts (Allport, Stglddsieh, 1994) where extra time is accrued
by the need to overcome conflict between the ctitesk set and the enduring activity of the

previous task set.

This thesis used the Continuous Series Il (Gur@5),% novel continuous verbal
switching task which requires individuals to switgmtinuously between increasing numbers
of overlearned sequences (e.g. days, numbersifthe/as to investigate the application of
general (whole-task) switch costs (RT costs), mgrbaised switching and the differential
pattern of errors produced by the task, with a viewetermining the most appropriate
theoretical model to explain costs in the task. €sainswitch costs are measured over the
whole time course of the task from beginning to,enstead of the more usual measurement
of switch cost over a single switch or repeat witthie whole task. Such long-term measures
of switch cost account for ‘global representatiostalictures’ in the task, which are said to
contribute to the cost of switching yet are ab$earh local transitional measures
(Kleinsorge, Heuer & Schmidtke, 2004). Global reygrgational structures account for not

only the current and preceding trials actually perfed but also the possible alternatives for
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the preceding, current and subsequent trials, biyeeflecting all representations relating to
performance of the tasks. The Continuous Seri@sutd, 1995) measures costs continuously
over time between increasing numbers of verbaktaskl as yet has not been linked to either

a reconfiguration or carryover-based account.

Initial administration to healthy controls and nalogical patients confirmed
difficulty-related increasing costs and revealatissociation of errors between two versions
of the task, one including semantic categoriess Shggested differential sources of control
overseeing conflict detection and resolution, lohke this work to Kahneman’s dual system
model (Kahneman, 2011) and suggesting the imptioaif active control. Further work with
monozygotic twins mirrored for handedness reveategredicted effect of handedness but
did reveal the employment of vocalised inner-spesexch successful self cueing device,
known to be supportive of active reconfiguratiorswitching (Monsell, 2005). Such cueing
was employed by this sample of older adults butri@dppeared to benefit the neurological
patients who clearly had reconfiguration defidiarther development of the two versions of
the task also allowed rejection of a passive cagyexplanation of switch-cost on the basis
that switching to the easier task wad more difficult, counter to the prediction of Allgp
Styles & Hsieh (1994). At this stage it was evidiatt some portion of general cost for the
task may be artefactual, as participants displégddviour suggesting the order of tasks and
their updating nature (task content) may be inflatost beyond a pure measure of switching
(an inevitable risk of general switch cost measw@in Investigation of task order showed
that production of the category ‘days’ appearedaiaflate sources of error. Reducing the
difficultly of component tasks (removing the needupdate items) demonstrated that a
substantial proportion of general cost was indagelp switch-related. Returning to the
guestion of cueing (previously demonstrated todreekicial when self-generated), the final
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study introduced explicit external cues, consisygmtedicted to benefit switching (Monsell,
2005). These cues did not reduce time costs inavéabk switching and furthermore failed to
prevent errors of task order. The lackeafernalcue benefit supports an amended version of
the Rogers & Monsell (1995) task-set reconfiguratiwodel as the best explanation of switch
costs in verbal task-switching. This amended moeleds entirely on internally generated
representations in a closed system and supportslef active control in generating
switch-cost. General cost, while incorporating tesllated artefacts, rehearsals and error
recovery, nevertheless has at its core a switehe@lelement. Furthermore, the failure of
cues to extinguish between-task errors negatessixveereliance on working memory and

further supports the rejection of passive carry@agemounts of task switch cost.
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Consider, briefly, that you are sitting on a couplaying a video game in
which your character is struggling to vanquish amsengly unassailable
enemy, when suddenly your phone, in the real wards. It's the pizza
delivery person, lost and asking for directionstéad of pausing the
game, you continue your battle, simultaneouslyiggigour sword
toward your enemy and the pizza toward your hora#.dwing for the
armor, “Right turn on Main Street.” But as the skiish heats up, does
your ability to direct the delivery person waivek8 your character
sustains damage, sending a twang of empathy thrgaghreal-world
heart, do you temporarily forget about the rumbéraf your real-world
stomach? More to the point, do you guide the delidever according to

the game-play map, or even notice when you do?

Ratan, Santa Cruz & Vorderer (2007), p. 167

“Blink. Blink. Blink. It's an instant message frany wife. I'll check it as
soon as | finish this paragraph. Blink. Blink. Cddde important. Okay,
I'll check it after this sentence. Blink. I'd betjest check it. | multitask all

day and I'm not using "multitask” in that buzz-tdamd of way.”

Northrup (2004)
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CHAPTER ONE: LITERATURE REVIEW — PART ONE:

THEORIES OF TASK SWITCHING

1 Introduction and chapter overview

In an increasingly information rich and time poarnid, task switching is something
most of us encounter on a daily basis. True mattking is virtually impossible to achieve
without detriment to performance — while we mayabée to carry out more than one task at a
time this will always and immediately be subjectitoe and accuracy costs (‘switch cost’).
Constituent tasks may be relatively simple, suckeasching for your car keys, making a cup
of coffee or speaking on the telephone. Howevesdhasks will generally take longer to
complete simultaneously than consecutively andweitl likely be more prone to error than
when they are carried out individually (Monsell03). To what degree we succeed will also
depend on a number of other factors. Performantelepend on how easy or well practiced
the tasks are, although familiar tasks are notsszn@y easier when multitasking (see
Monsell, Yeung & Azuma, 2000), and practice doesseem to ‘make perfect’ (Rogers &
Monsell, 1995). How far in advance we know we nieslwitch to another task can also have
an effect. Sufficient preparation time is generaltknowledged as advantageous (Logan,
2003; Monsell, 2003), although Altmann (2004) atsseitat when only a single option for
preparation is available it will fail to have arfezft, regardless of how long it is. More than
eighty years ago it was suggested that switchitgdeneasiertasks took longer than
switching between harder tasks (Jersild, 1927)raack latterly it has been proposed that it is
more difficult to switchto an easier task (Allport, Styles & Hsieh, 1994 )f&&nance is also

affected by what type of tasks we try to carryioutoncert. It has been speculated by Meyer
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(as reported in Motluk, 2007) that common everydaybinations within a single domain
such as instant messaging and report writing aoengd to failure, although research into
real world multitasking is currently limited. Swhting between tasks in this manner requires
us to actively maintain the processes requireaioptete each task (what Rogers and
Monsell (1995) termethsk se}, correctly selecting the appropriate set of psses for the

task at hand and successfully changing those pesashen they become redundant.

Experimentally, the task switching paradigm hagylbeen used as a measure of
cognitive control in action. Keeping the cognitsastem updated in light of changing task
demands is a fundamental aspect of such controkpses. Dependent on tasks, the
switching paradigm could include all fivareas flagged by Norman and Shallice (2000) as
requiring focused cognitive control, although ialseady clear that the relationship between
executive and switching processes is far fromgittforward. Task switches can occur
within a single cognitive domain or between domalkfssamples of single domain switches
include Jersild (1927), who used addition and sbivn in some experiments and also Gurd
(1995) who used verbal fluency for ordinal sequerared semantic categories. An example
of switching between domains is that of Sohn & Aisde (2001; 2003) who used a
combination of vowel/ consonant letter and oddhewvember decisions. Gurd and colleagues
(2002) specified three main distinctions of theetyh switch that can be madgianging
sorting criterig as in the Wisconsin Card Sorting Test (Berg, 19d&egorising bi- or
multivalentstimuli according to differing features (e.g. caldlien shape)ual task
performancetypically manifesting as divided attention taskgh switches determined by

internal or external demands according to the meedaintain or monitor taskajternating

! Planning and decision making; error resolutioryaidehaviours; difficult tasks, and the requiretrten
overcome habitual behaviours.
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task demandswitching between several tasks according tdfiaeld alternation sequence.
Clearly any consensus over the source of switchl@sto account for the variation in

stimulus and response demands to be found interatire.

Although stimuli are varied there are some commtasal Stimuli often used are
letters, numbers or symbols (e.g. Koch, 2008) kstasight involve deciding if, for example,
a symbol is a mathematical or text symbol. One exhekxception to this is tH@ontinuous
Series Il tasKGurd 1995), which uses no external stimuli bstead requires participants to
switch between producing items in order from insheg numbers of overlearned word
sequences such as months and letters. Particigt@antswitching between two sequences
then work through three and four sequences. Seqaarycle (when ‘December’ is reached
in months the next correct response is ‘Januand)@erformance is continuous and self
paced for a set number of iterations. For exanggching between three sequences might
result in the responses “January, 3, Wednesdayu&gh 4, Thursday...” and so on,
continuing to both update each sequence and shtitieen them (see Appendix A for full
instructions for the task). The task is unusuddaming verbal responses rather than button
presses. One benefit of verbal responses is thlovs for analysis of the type of errors

made rather than just a calculation of accuracy.

In this thesis the Continuous Series Il will beastigated to establish which existing
theoretical account of the causes of switch casteaused to describe the behavioural data.
Thus far (e.g. Gurd 1995, Gurd et al., 2002) thdbaltask has not been associated with any
one theoretical account of switch cost. In addiitda not clear how the unique features of

the task contribute to the calculation of switcstaand the type of errors produced. For
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example, what is the contribution of switching beéw several tasks in isolation from the
complex content of those tasks? Does the ordehinhathe tasks are presented have any
effect? What contribution is made by the lack deexal stimuli and reliance on memory for
the task order? Switching within working memoryttuk nature is noted to be quite separable
from the more usual perceptual switching (WagenjdiEs & Smith, 2007) and so
investigation of the contribution of WM (working mery) processes to the overall
calculation of switch cost in the Continuous Selies an important factor to investigate.

The involvement of WM within the task is a relevéauttor in determining which account of

switch cost is most useful for explaining behavad@ffects.

The first study will assess the effect of manipalgathe Continuous Series Il to
contain alternating tasks of greater and lessécudify (the Mixed Category task). Using a
single case series of neurological patients anebithy control sample, the Mixed Category
task will be investigated to assess the explanaoitability of the task-set inertia hypothesis
(Allport, Styles & Hsieh, 1994). The second studgsithe same two tasks with a sample of
monozygotic twins mirrored for handedness, assgibimcombined effects of left and right
hemisphere language processing and split frontaralo(left and right) during commission
of more than one task. The data is assessed itbtheeresults in differential processing of
frontally controlled verbal tasks, as evidencedllfferences in switch cost and errors. The
third study extends the number of switching catesgaior the Mixed Category task (the
Mixed Category Il task), looking specifically fovidence of asymmetry in switch cost
between individual categories (Allport, Styles &iétg 1994), relating again to the task-set
inertia (TSI) hypothesis. The fourth study examiaesethodological issue with the
Continuous Series Il task, namely whether the oofléine categories has any effect on switch
cost — this also addresses the previously notedgrhenon of most errors occurring in the
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category ‘days’. The fifth study further probes hutological issues, assessing the
contribution to costs of switching between fouregairies in the absence of any complex
content for those categories — this is done byguspeating colour names instead of
continually updated overlearned sequences. The siktly addresses the memory load
implicit in the task by introducing initial lett@nd whole word cues — this allows for further
assessment of proactive interference accountsitglsaost which propose memory of the
preceding task set interferes with establishmeth@®lupcoming set. Finally the results from
these studies will be used to propose the taskesenfiguration (TSR) model offered by
Rogers & Monsell (1995) as the most suitable exgilan of behavioural measures for

complex verbal task switching.

The remainder of this chapter will review the raevliterature in order to identify
research issues that the rest of the thesis wdlleas. This review will be presented as
follows: The first part of the rest of this chapgxamines a range of theoretical accounts of
task switching and switch cost. This starts wittogarview of the original alternating tasks
paradigm (Jersild, 1927), comparing blocks of switg and non-switching trials, followed
by a discussion of bivalent stimuli, tasks which e#ford two possible responses (as in
Stroop stimuli). The question of asymmetric costaddressed, whereby costs are greater
when switching to an easier task, linked to thespvastask-set inertia (TSI) hypothesis
(Allport, Styles & Hsieh, 1994). This is counteneth the task-set reconfiguration (TSR)
hypothesis (Rogers & Monsell, 1995) whereby swiokt reflects active control and requires
the arrival of external stimuli for this switch ¢complete. This includes description of
residual switch costs, a preparation-resistanigrodf cost that reflects this external
component of reconfiguration. The failure to enghageothesis (De Jong, 2000) is addressed,
an explanation of residual cost that relies orfélilare of an individual to take advantage of
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preparation time. The thesis then moves to look bacedevelopment of the passive TSI
account, considering associative interference (8V&liAllport, 2000) a build up of
interference from previous task associations. Aaothterference-based account is that of
backward inhibition (Mayr & Keele, 2000), wherelgpetition of a recently practiced task
increases switch cost more than executing a nekv T&® role of cues is addressed (Meiran,
1996) considering how closely cues are associatéabsks, whether there is an additional
cost of cue processing (Logan & Bundesen, 2003)lamdise of inner speech as a self cuing
device (Emerson & Miyake, 2003). Finally the secttmnsiders combined dual mechanism
models (Braver, Reynolds & Donaldson, 2003) whictoaint for elements of both passive

carryover and active reconfiguration accounts.

The second half of this chapter turns to lookeptti at the verbal switching paradigm
(Gurd, 1995), initially giving an overview of thask and its aims, identifying two important
features related to the early presentation ofdkk (Gurd et al., 2002, 2003) — namely the
specific pattern of neural activation seen durlmgtask and the relationship (for this uncued
task) to working memory. Each of these questiorx@ored in more detail, looking first at
neural activity associated with task switchingemts of both existing models and the
Continuous Series Il. The issue of memory loadissaered in relation to the verbal task
and to its contribution to wider measures of switokt. A number of pertinent
methodological issues are considered: The caloulati general switch cost (e.g. Kray &
Linedenberger, 2000), a measure comparing blocks/€hing and non-switching trials as
opposed to individual switches or repeats withmigred block. The contribution of global
task difficulty and the unusual issue of switchbeiween multiple tasks rather than just two.
The use of verbal rather than manual responsegsarelationship to inner speech and task
verbalisation. The classification of errors comedtturing the task, positing a model based
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on Kahneman'’s (2011) two-system model of attengiod thinking. The section then moves
to consider in some depth the relationship of tbatfduous Series Il to existing models of
task switch cost, finally touching on the real wdomtlevance of the task and ending with the

thesis aims.

2 The origins of task switching — the alternatinggks paradigm

To switch effectively from one task to another itwas the cognitive system activating and
inhibiting relevant task sets as they become, aadeto be, required (Baddeley, Emslie,
Kolodny and Duncan, 1998). The majority of thearistace the switch cost at this response
selection stage, relating either to inhibiting fnevious task set or activating the upcoming
one (Table 1 gives an overview of the main thear@msered in this literature review). The
earliest account (Jersild, 1927) used an “A-B-A-Baltérnating taskslesign, comparing
time taken to alternate between tasks A and B thidhto complete each task separately,
identifying a clear time disadvantage for certaintshing conditions. The additional time
cost of switching, taken over the additive costthefindividual tasks, was proposed as a
direct measure of the time taken to exert execuirerol. Jersild’s tasks used stimuli
presented in the form of lists, either single t@sksk A performed on every item) or
alternating tasks (Task A performed on odd numbgesds and Task B on even numbered
items). In addition, items within both kinds oftiscould be eithdpivalent(as later termed by
Fagot, 1994 — items affording a response festiner Task A or Task B), ounivalent(as
termed by Pashler, 2000 — items could only be med@d to using one task). An example of a
bivalent stimulus would be a digit affording respes from both Task A (making an odd or
even decision) and Task B (making a parity decjsidask time costs were measured as the

total amount of time taken to work through the, Mgith alternating performance compared to
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single task. Jersild found performance on bivaddigrnatinglists to be slower than bivalent
single tasKists. Conversely, performance on univalent aliéng lists was faster than
univalent single tasks lists. It is somewhat s@ipg that Jersild only found what we now call
switch costs (Jersild’s ‘shift loss’) when usingdlent stimuli and even more surprising that
univalent alternating lists demonstrated a timeaativge over the non-switching condition.
Jersild concluded that the bivalent-only switchtaeas due to the lack of explicit cueing of
the correct response. The ‘negative’ switch costte univalent switching condition was
attributed to a more efficient single ‘mental satcompassing both clearly distinguishable
tasks. These results were partially replicated figcsr and Biederman (1976). While there
was still a cost for bivalent items (albeit a moredest one than that found by Jersild) they
were able to extinguish the univalent switchingadage by presenting stimuli on single
cards instead of as a list. This removed forekndgéeof the upcoming taSkThe reduction

in bivalent switch cost was attributed to the idtrotion of an additional ‘disambiguating

cue.

2 While there is largely agreement in later work thdvance preparation affords a time advantagen@in
(2004); Kray (2006); Meiran & Daichman (2005)),emally generated foreknowledge is taken to be less
efficacious than externally generated cues (e.ginsbrge & Gajewski, 2008). Advance preparatiopatff
therefore more commonly refer to those processesrong between the presentation of a task-specifecand
execution of the task, rather than having advarexaivg of the task order at the beginning of théchwng
session.
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Table 1 Overview of Main Theoretical Accounts of Task Swittgy presented in the Literature

Review

Theory/ model

Overview

Author

Alternating tasks
paradigm

Task-set inertia
(TSI) hypothesis

Task-set
reconfiguration
(TSR)

Failure to engage
(FTE) hypothesis

Mixing costs

Associative
interference
hypothesis

Backward
inhibition

Explicit cueing
paradigm

Dual-mechanism
models

Alternating task lists take longer than single thsts,
signifying cognitive control. Criticised for dise memory
load between alternating/ single lists.

Switch cost reflects carryover of activation frome preceding

task set — there is an inertial effect in instiggtihe second
task. Criticised for being restricted to Stroopelgtimuli.

Switch cost represents active top-down reconfigomatf task
set. Cost is reduced by sufficient preparation tiknportion of

switch cost (residual cost) is resistant to prefiamdime,
representing reconfiguration, which can only cortgonce

the stimulus arrives. Criticised for the interptieta of residual

cost.

Residual switch cost represents a failure to takeatage of
preparation time. Criticised for a failure to reglie results.

The phenomenon of repeats within aimgilock taking

longer to complete than repeats within a singlk kdsck, thus

inflating switch cost.

Previously learned associations between task amdlst
(where one stimulus affords two tasks) build uprdiee.
Costs are also related to starting a task, whathigching
occurs or not (restart costs) — this may inflatedeal switch
cost.

Previously learned associations cause interfereribe third
task of an A-B-A sequence is more costly than a-&-B
sequence, due to the recency of the task A appaaran

Allows for random presentation of trials (unlikeéeshating
runs) and accurate manipulation of the pre- anttgtiraulus
interval, determining the point at which switch geeses
engage. There may be cue processing costs.

Both passive carryover and active reconfiguratimtesses
act in concert with each other. Some models posrerthan
one type of active control.

Jersild (1927)

Allport, Styles
& Hsieh,
(1994)

Rogers &
Monsell
(1995)

De Jong
(2000)

Fagot (1994)

Wylie &
Allport (2000)

Mayr & Keele
(2000)

Meiran (1996)

Braver,
Reynolds &
Donaldson
(2003)
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This particular method used by Jersild of calcaaswitch cost, by subtracting non-
switching from switching reaction time, has coné&duo attract adherents e.g. Rogers and
Monsell, 1998; Gurd, 1995; Gurd et al., 2002; Logan, 2006. Hosvethe alternating tasks
paradigm itself has not held as much favour, b&angely superseded by approaches
designed to address perceived disparity in prosgsikmands between single and alternating
task lists (e.g. the alternating runs design piteseby Rogers & Monsell (1995) as described
on page 33). Specifically, the alternating tasksragch was viewed by Rogers & Monsell to
be flawed, in that switching and non-switching l®¢or lists) had very different
requirements that may contribute to what was belagsed purely as a switch-related cost.
Alternating required two task sets to be held a&c#iad for reconfiguration between these two
task sets to occur for every item, which was netdase for single task blocks. These
additional processes may have contributed to tleeadivcost for completing the list or block.
Nevertheless, the alternating tasks design hasncenat to be used for studies with specific
design requirements. For example, Rubinstein, M&yEvans (2001) and also Gurd (1995)
and Gurd et al. (2002) using continuously updatiedpal categories which required a task
switch on every response and could not encompesseat within trial blocks (as per the

Rogers & Monsell (1995) design).

2.1 The use of bivalent stimuli

As well as the alternating tasks design itself fgfroposed that the use of bivalent
stimuli could also be a possible contributor totstvicost. Much research subsequent to
Spector and Biederman (1976) has concentratedvatebi stimuli. More recent work has

speculated again on the role of bivalency and wdratladds a further confound to the

® Rogers & Monsell (1995) applied their subtractiaculation to individual switches within a blockter than
comparison of switching blocks to non-switchingdids.
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switching process. Although already interpretetde&iag more costly due to an absence of
explicit cueing (Jersild) or unresolved ambiguiBpéctor & Biederman), its effects appear to
be more far reaching. Rather than just reflecteagtion to the stimulus, it has been proposed
that increased costs associated with bivalencgaetincertainty in response selection, in
addition to activation of the upcoming task set antibition of the previous one (Kray &
Lindenberger, 2000). This has been reframed asnitieg caution’ in the face of response
choice (Woodward, Meier, Tipper and Graf, 2003)nfrfindings that the addition of a small
number of bivalent stimuli to an otherwise univalswitching block resulted in larger time
costs but often reduced errors. Slowing is inculngdll tasks, not just those afforded by the
bivalent stimuli, known abivalency cos{Woodward et al., 2003). The idea that additional
cost was due to an increase in the number of ataslesets to be inhibited was rejected
(Woodward et al., 2003). Arguably this could beaaecof interference from prolonged
priming of control processes (Meier, Woodward, Rey-Mermet and G392, which could
also explain costs spreading over to univalentugtiiiask uncertainty is seen as being a
relatively short lived phenomenon (Woodward et2009). That the bivalency cost persisted
over long inter-trial intervals (up to 5000 mselepwed that top-down caution was the cause
of cost. Bivalency effects have also been integaréMeiran, 2008) as evidence of the need
to recode responses between each stimulus prasaentdeiran used the ‘alternating runs’
switching paradigm (described in detail on page @Bjch alternates betweeuans of tasks
(AABB...) rather than Jersild’sonsecutiveask alternation (ABAB...)Response recoding
would be required when repeating responses asagalvitching responses in the alternating
runs paradigm, explaining the univalent advantagsarlier work and evidenced by a
bivalent-only preparation advantage — enough tonar¢pare for the upcoming task reduced

switch cost but only for bivalent stimuli.
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Repeated recoding and ‘cautious hesitancy’ botér gifausible explanations for these
cost patterns. Additional evidence from imagingadatlicating increased parietal activity
during responses to bivalent stimuli (Woodward, M&t Meier & Holroyd, 2008) is
consistent with both attention shifting and storafigphonological material in working
memory. This could possibly account for (at theykarstimulus level) confirmatory verbal
representation or recall of task instructions ®isisn response checking (or recoding). While
bivalency affords flexible task design, like marspeacts of the wider task switching
paradigm it seems to bring with it an additionalree of cost, namely response selection
uncertainty (‘bivalency cost’) and the need foraated encoding. Extinguishing or
subtracting the effect of these additional ‘infhedary’ processes is for many the ‘holy grail’
of task switching research. For others, such gsoft] Styles & Hsieh (1994) and Altmann
(2002; 2003), costs accrued by switching betwesksteeflect nothing but these additional

processes.

3 Asymmetric Switch Costs: Task Set Inertia and K&et

Reconfiguration Accounts

The notion that task switch cost represents noteatdp-down executive processes
but instead passive bottom-up peripheral procegggssents one of the first major revisits to
the topic since Spector & Biederman (1976) repéidatersild’s work. While most theories
agree that switch cost occurs at the responsetisgiestage, there is much debate as to
exactly what causes that cost. Theories can bellyrdavided into passive inhibition/
interference or active reconfiguration accountsargles of passive interference accounts

include interference from the last task perform&iipprt Styles & Hsieh, 1994), varying
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interference from recent and less recently perfartasks (Mayr & Keele, 2000) or sustained
interference from previously made stimulus-respanagpings (Wylie & Allport, 2000).
Alternatively, many still follow Jersild’s assemighat switch cost instead reflects active
cognitive control in reconfiguring the system frame task set to the next (e.g. Rogers &
Monsell, 1995; Rubinstein et al., 2001) , albeihgsa less direct translation of time costs to

control.

3.1 Task set inertia (TSI)

Further replication of Jersild’s experiments wasied out by Allport, Styles and
Hsieh (1994); they completed a series of experimgmiuding use of a Stroop switching
task, switching between colour naming and wordiregoh a single block. In addition to
expected Stroop incongruency effects (slowingfoeongruent colour naming but not word
reading, as per Stroop (1935)), they found muahelaswitch costs when switching from
colour naming to word reading than vice versa (Expent 5). Switching to the ‘easier more
dominant task appeared to be more difficult to @ehj producingissymmetric switch costs
That the asymmetry runs in the opposite directiotinat of the Stroop (while it is easier to
read words, the task results in greater switch) é@sturprising. This seemingly runs counter
to the argument that switch cost directly reflebts cognitive control used to switch task set,
which would predict that the harder task would isgjmore executive input to be initiated. If
switch cost represents the time taken to exertitggrcontrol then tasks requirirgore
control will result in larger switch costs — colemaming in the Stroop is taken to be “...the
very paradigm of a ‘controlled’ task...” (Wylie & Adbrt, 2000, p.215). As larger switch
costs are found for the task which requiesscontrol (word reading) then it would seem that

switch cost cannot be a direct measure of suchr@agorocesses.
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Advocates of reconfiguration-based accounts, whighthemselves to a control-
based interpretation of switch cost, concede thananetry initially seems incompatible with
such an explanation (for example, see Monsell, RO8IBort and colleagues interpreted this
asymmetry as interference from the previous ‘hatdsk set delaying activation of the
upcoming ‘easier’ one. Task sets are proposeddarerover the time course of a switching
scenario, having a dynamic inertial effect on tbgvation of a new task set. Harder tasks,
requiring more executive support, will exert mofehis active interference on easier tasks,
resulting in larger ‘harder-to-easier’ switch coskss asymmetric interference effect was
termedtask set inertia (TSIWhen features of one task set had previously besaciated
with different S-R mappings in the previous task(as is the case for Stroop switching) then
proactive interference from Task A to Task B ocedriFurther strong evidence of
asymmetry from bilingual task switching (digit nargiin alternating languages, Meuter &
Allport (1999)) was taken to add support to the Ttelory of switch cost in tasks of unequal
difficulty; asymmetry was reduced as language pieficy converged. Additionally, there
was no evidence of a cumulative inhibition effebe(degree of interference from word-
reading to colour-naming did not increase ovettitihhe course of the task), suggesting that

TSl is a localised pre-stimulus event.

The drawback of the TSI hypothesis is that evidénipport it comes almost
exclusively from asymmetric task pairings. Allpsriirgument is that such pairings, resulting
in asymmetric costs, cannot (and do not) refletvaly imposed control processes which
shift the cognitive system from one task set tortéet. Asymmetric tasks are therefore an
exemplar of TSI in action — proactive interfereiggreater when tasks are asymmetric. The

assertion of Allport and colleagues that such tasksot show evidence of any costs which
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reflect the time taken to switch task set leadmth@ question the suitability of control

processes as an explanation for switch costs.

But does the specific nature of the tasks use@moothstrate TSI limit its
applicability? One later study by Yeung, NystrommpAson & Cohen (2006) looked for
associated brain activation that would support enduesidual activity related to the
previously performed task, thus supporting a hypsithof TSI interference as a source of
cost. The study used far more symmetric tasks,dadeword classification (gender or two/
not two syllables), with no overlap of S-R mappingmdings indicated a correlation
between switch cost and neural activity for the moalevant task following a switch,
supporting the existence of task set inertia, butially not as theolesource of switch cost.
Separable activation was also found for the taskgogwitchedo — further analysis
identified these as two distinct processes ratiem & blanket level of activation over time
during switching. While this evidence supports sanie for TSI it does not do so at the
exclusion of concomitant executive control procesadich is a departure from Allport’s
original presentation of the hypothesis (Allportyl8s & Hseieh, 1994). It also extends the
application of proactive interference beyond thefees of S-R overlap between tasks,
suggesting that such interference may be more widdicated in conjunction with

controlled task set switching processes.

While interference from the non-current task senisitively appealing as a source of

switch cost, the reliance of TSI on counter-intiitasymmetric costs limits its explanatory
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usefulness Competing theories of switch cost relying on infsam active control processes
(such as that of Rogers & Monsell, 1995) acknowdetthg contribution of inhibition but
guestion the cause of asymmetry, having foundatiotng in both ‘directions’ (Yeung &
Monsell, 2003a; see also Glaser & Glaser, 199%)guaiStroop-style task with both
simultaneous and word-delayed presentation of threlwwolour combination. Presenting
word and colour simultaneously (a black word omlawared background) as per the normal
Stroop allowed for replication of Allport’'s asymmietswitch cost. When presentation of the
word occurred 160ms after presentation of the aplbueverse asymmetry effect was found
with greater switch costs being attached to thddratiask of colour naming. This change in
asymmetry direction is attributed to the extenwtoch the strong task mbleto interfere

with the weaker one, suggesting a ‘suppressiorstiold’ for interference. This reverse effect
was repeated using both the feature-delayed S{amgescribed above) and differing
response modalities for the tasks (key press vessoisen response) (Yeung & Monsell,

2003a).

So in what way is this ‘suppression threshold’ exptd? Asymmetry was ascribed to
a combination of priming for the difficult task the face of competition from the stronger,
easier task (difficult to easy switch) and contbthe easier task to reduce competition with
the harder task (easy to difficult switch). Theligpobf one task to interfere with the other is
relative to the initial strength of the tasks (pti@sk-stimuli associations), the requirement to
switch or not and to the direction of that switGreater interference may require greater

suppression of the easier task during harder tadgknmance, resulting in difficulty

* Sumner and Ahmed (2006) later specified threeiplessources for this interference, including stiusu
response associations for the previous task (ateddor in a later adaptation of the TSI model (&
Allport, 2000)) and interference control active fbe last task (controlling interference from tlewcurrent,
but previously unwanted, task set).
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switching from hard to easy, but this is dependgan the level of initial activation required
for each task as demonstrated by the ability tensasymmetry through feature
manipulation (Yeung & Monsell (2003a) as reported/ionsell, Yueng & Azuma (2000)

namely temporal separation of the presentatiorolwfur and word.

Further examples of reverse asymmetry (e.g. Rubmdtleyer & Evans, 2001;
Wager, Jonides & Smith, 2006) add weight to thechsion that the asymmetry effect is
confined to specific pairings of tasks that notyadiffer on difficulty but do so to a specific
degree. A high degree of variability in the Rub@nstdata (using arithmetic tasks) fits well
with the relative interference hypothesis compoméitaseline task strength. Passive
carryover of inhibition (as evidenced by asymmeitsglf dependent on disparate, threshold-
related task difficulty) is inflexible as a solesgéptor of switch cost and so the TSI account
is limited in its application to explain all instzes of switch cost. The phenomenon of
asymmetric costs continues to attract interestgkample, Schneider & Anderson, 2010) but
explanations have not remained confined to offesungport for the TSI hypothesis.
Manipulation of the direction of asymmetry (YeunguWonsell, 2003a) and proposals that
costs relate to preceding task difficulty regarsgllesthe need to switch (i.e. also on repeat
trials) (Schneider & Anderson, 2010) somewhat diliie initially strong TSI-based role for

asymmetric costs.

Later work which also utilised asymmetry is thaikimg at the phenomenon of

backward inhibition, which is thactive (rather than passive) sequential inhibition of the

° Support from connectionist modelling of Stroop-tywétching (Gilbert & Shallice, 2002) indicates paasks
require little activation and little inhibition @ompeting nodes, due to their strong associatigél@y harder
tasks require the opposite, manifesting as gréapert to the network, and result in hard to eagyrametry.
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immediately preceding task set. Asymmetry (greetsts associated with switching from a
harder to an easier task than vice versa) waswbed switching to indicate a role of both
inhibition and activation processes. Backward iittah dictates that if three tasks are
performed in the sequence A-B-A then the third t@g8kbe slower than in the sequence C-B-
A, because the inhibition of Task A from its fiesgipearance needs to be ‘undone’ when it
reappears(e.g. Koch, Gade & Phillipp (2004), Mayr & Kee2000) as described on page
53). In investigating the effect of asymmetry ochwaard inhibition, Arbuthnott (2008)
found both asymmetric and reverse-asymmetric aoste shown, depending on the relative
strength of the tasks, in accordance with Yeung @nbell's (2003a) active control threshold
account. The active control threshold account pseddhat the presence of asymmetry or
reverse asymmetry depends on the ability of thddraask to interfere with the weaker,
which may be variable and is dependent upon somashbld. Independently of asymmetric
switch costs, asymmetric backward inhibition ocedrwhen task sequence A-B-A took the
form easy-difficult-easy, regardless of relativektatrength and highlighting the role of
inhibition. The backward inhibition hypothesis tere accommodates both activation and

inhibition processes as a source of cost.

Returning to the question of relative difficultytveen asymmetric tasks, it is also
worthy of note that Jersild (1927) found switchbigfweertwo easy tasks to be more costly
than switching between two harder tasks. Introdytne cost related to switching to two
tasks that are relatively unpractised resulte@ss loss in terms of time. Jersild related this to
the relative difference in practice or familiarligtween two harder tasks being less than that

between two easy tasks. The effect of the intradnaif switching was likened to the

® When switching between three tasks, performandasi3 is slower when it is a repeat of task hthall
tasks are different, attributed to dissipationndfibition over time.
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introduction of any other disrupting effect to alMpacticed (easy) or less practiced (hard)
behaviour — the interruption has more effect onntioee habitual behaviour, due to the
stronger S-R associations built up for the easgkd. Jersild’s interpretation does not make
sense in terms of an additive interpretation otadwcost (time Task A + time Task B + time
switch) but does suggest some effect of inhibit@oupled with the relative strength
hypothesis of Yeung & Monsell (2003a) this woulérseto suggest that in certain

combinations tasks do have the ability to interfgith one another.

Some eighty years later (and apparently indepehdizatn Jersild’s findings) Bryck
and Mayr (2008) cited asymmetry in the absencevidtbing as evidence of interference
from long term memory traces rather than a locdlisansient switch-dependent effect. That
both difficulty for easier tasks and asymmetry dtdaccur without a switch questions
whether some proportion of the asymmetric cost iact a non-switch related measure.
Further to this, a confound from coinciding task aifficulty of switches has been proposed
as masking the contribution of the latter (Schne&lénderson, 2010). The contribution of
the change in difficulty is not fully accounted fwhen the task itself also changes. The
ensuing “...sequential difficulty effects” (SchneidAnderson, 2010, p.1873) impair
performancdollowing a difficult task regardless of the need to switesulting in
asymmetry. It is not, they argue, the switch tlaatses the difficulty but the fact that the
previous task was difficult. Difficult tasks regetimore (unspecified) resources, leaving less

available for subsequent tasks and taking tim¢herresource’ to recover.

Continuing with this question of relative task ditflty and how the tasks relate to

each other, Allport’s passive interference accairsymmetry was eventually abandoned in
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favour of a continuous (rather than transient)dup of interference from previous task set
associations during switching (Wylie & Allport, 200described in more detail on page 46).
This latter model has also consistently resistedrblusion of an executive component. This
is despite asymmetry-based evidence that activamaninhibition are not mutually exclusive
descriptors, such as was proposed in Arbuthnattisation-inhibition hypothesis
(Arbuthnott, 2008) and in Schneider and Andersaonisclusion that both executive control
and working memory are plausible candidates far th#ficulty-related resource (Schneider

& Anderson, 2010).

Some years earlier to his work with proactive aodtinuous interference, Allport
(1980) had posited that divided attention studigsle seeking to specify some generalised
processing (resource) capacity limit, were oftengisasks which instead imposed a ‘data-
limit’, with overlapping task requirements (for emple listening to speech and reading text )
being responsible for much of the time costs. bks® to avoid such a data-limit, Allport
introduced an additional task-bound cost. Taskawiitertia (TSI) might be an artefact of
Stroop stimuli — asymmetric costs are reliant ufasks of differing difficulty and, it seems,
differing relative strength above a certain thrédtfaccording to Yeung & Monsell (2003a).
Therefore any interpretation of asymmetric costsinbe equally task specific. Enduring
inhibition of the easier task has not remained pupsr explanation for asymmetric switch
cost (and indeed is not a necessary one, as ewddrcreverse switch cost asymmetry) but,
as demonstrated by Arbuthnott (2008), it may welfitabute to costs indirectly and in

tandem with activation processes.
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3.2 Task-set reconfiguration: Alternating runs

The thesis now turns to look at a second theotgsk switching, developed
concomitantly to the TSI hypothesis of Allport, Bty & Hsieh (1994). This second
reconsideration of Jersild’s work (Roger & Mons&B95), concurring with Jersild’s much
earlier proposition that switch cost reflected aetognitive control — this was a hypothesis
reliant on top-down processing. However, in thgioal task Jersild (1927) assumed no
additional processes to executive control to bernaht in switching. As the thesis has already
examined (page 21-24, relating'switching and non-switching blocks (or lists) haety
different requirement¥’processes such as holding more than one tasktbet during
switching and reconfiguring for every item duringitehing (when compared to non-
switching) were additional to the actual switcleitsRogers and Monsell (1995) questioned
the contribution to switch cost from the additiofeeld on working memory of maintaining
two tasks sets for the switching trial comparedne for the non-switching trial. They
proposed aalternating runsdesign (AABBAABB...), comparing task repetitions (A
BB) and task switches (AB) within a single triabbk, ensuring comparable memory load for
both repeats and switches, as two tasks sets hawinéained througholtLike Jersild they
used letter and number decision tasks (vowel/ awanrsp odd/ even), presenting stimuli pairs
e.g. ‘G7’ consecutively and clockwise on a 2 x @l gwith grid position providing an explicit
cue for the task to be carried out e.g. top rotwétalecision. The presentation pattern meant

that two letter decisions were followed by two n@nbdecisions, and so on.

" In their original set of experiments, Rogers anohikll were unable to directly address asymmesyéa
Allport, Styles & Hsieh (1994) Experiment 5) askimsvere deliberately chosen to be comparably difffic
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3.2.1 Residual switch cost

Unlike Allport and colleagues, Rogers and MonseBited the view that switch cost
(at least for alternating runs of AABB...) refledtihe input of intentional control, through the
need taeconfigurethe system between one task and the next. The& negimented method
of presenting stimuli (using a grid pattern to cegponse) triggered specifiesponse
selection rather than task set selection. This ate#flowed the time between a response and
the next stimulusrésponse to stimulus intervalRSI) to be manipulated and used as a
measure of preparation time for the upcoming t8skitch cost decreased as RSl increased,
but was not fully extinguishable even at the longreerval of 1,200 mset Rogers and
Monsell termed this practice-resistant portion @dtcesidual switch costocated specifically
to the first trial of a run (their Experiment 61§ was attributed to aaxogenously
controlledpart of reconfiguration, which could ontpmpleteonce stimuli were presented.
Exogenous control of reconfiguration is manifestrir”...the availability, frequency and
recency of the alternative tasks afforded by thmidts...” (Monsell, 2003, p.134).
Endogenous control processes are afforded by mitgrgenerated goals. The exogenously
controlled component was thus not able to benefthfany amount of practice time. While
endogenous control was intentional, self initisded a pre-stimulus preparatory process,
exogenous control was an involuntary, stimulus-looaction. As noted by Monsell, "...there
is ample evidence that stimuli can of themselvéisae or evoke in a person a tendency to
perform actions (or tasks) habitually associatetth wiem, irrespective of prior intention, and

sometimes in conflict with prior intentions" (Roge& Monsell, 1995, p. 208).

8 Interestingly Rogers & Monsell (1995) found nouetion in switch cost when RSI was randomly varied
within a single block (Experiment 2), which theyerpreted as conscious reluctance to reconfiguagl#ance
when there was a possibility that the process wbalthterrupted due to an unpredictably short R&ipnating
with the ‘cognitive caution’ explanation of respesgo bivalent stimuli (Woodward et al., 2003).
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However, the relationship between the endogenod®angenous components of
control was under specified by Rogers and Monsekk (Waszak, Hommel & Allport, 2003).
While an external ‘trigger’ for completion of theaonfiguration process fitted their residual
cost data, the exact role of this trigger was texdirc(their explanation stops short of a
confirmatory feedback role). The notion of exogenand endogenous control per se is well
established (Pashler, Johnston & Ruthruff (200fgrain extensive review), but definitive
and consistent evidence supporting Rogers & Mossellogenous completion hypothesis is
elusive. Using tasks that differed in familiaritynfamiliar or familiar), rule complexity
(simple or complex) and presence of visual cuessgnt or absent), Rubinstein, Meyer &
Evans (2001) determined what portions of the switglprocess are additive. They found that
task switching and task difficulty (as indicatedthg complexity of rules) are additive
contributors to switch cost. They interpreted #ssavouring a model that included a
separate pre-stimulus goal shift (in line with R@eg& Monsell, 1995) and a rule activation
process that was stimulus dependent. They fourtdhisapost-stimulus completion of
reconfiguration did act in a confirmatory role hetpre-stimulus goal shift. As noted this was

not established by Rogers & Monsell (1995).

Further ‘circumstantial’ evidence can be taken fitin identification of neurally
separable processes for endogenous preparatioexagdnously triggered modification of
task sets (Sohn, Ursu, Anderson, Stenger & C&6£0). In this instance, lack of
foreknowledge maximises exogenous reliance, althaoigtor response selection and
execution cannot be ruled out entirely as a majatrdoutor to the parietal component of
their model. In a separate study, Sohn & Carls@9Q2 found foreknowledge facilitated
fastertask performance but did not extinguish switch ,caisggesting a role for the
exogenous (stimulus) component. They proposedxbgemous ‘controller’ facilitated

41



application of the endogenously triggeredrenttask set by completing disengagement of
theprevioustask set. In this model, residual costs refleetrtbed for the fully prepared
current task to wait for confirmation that the poais task is no longer applicable, rather than
confirmation that the current tagkapplicable. The exogenous component, while seemingl|
necessary and present in residual costs, is sdépdraim the preparation stage. While
concurring with the notion of reconfiguration as asort of mental ‘gear changing’...”
(Monsell, 2003, p.135), the exogenous element®tdkk ‘clears a path’ for the gear change

rather than finalising it — an exogenadisengagemeritypothesis.

3.2.2 Response selection, cue processing and asyimynas sources for residual switch
cost

As an alternative to this somewhat piecemeal pectifithe role exogenous control
mighttake, attempting to eliminate residual costs altogiewould seem a more
straightforward approach to defining this exogeromsipletion hypothesis. Monsell has
described such attempts as “...rare and...probieh{&ichlepp, Lavric’ Mizon & Monsell,
2012, p.1138), citing only two exampld¥erbruggen, Liefooghe, Vandierendonck and
Demanet, 2007; Lien, Ruthruff, Remington & Johns®&005). Verbruggen and colleagues
were able to reduce (and in one case completelgrentxperiment 2) residual switch cost
by reducing the availability of the cue during paegtion. Short cue presentation forced the
cue to be used early on in the process, purporeipuraging early completion of advance
preparation. It was hypothesised that residuakoeste cue- rather than stimulus-bound. The
criticism from Elchlepp et al. was that the potahéxisted for a confound between thsk
switch cost and theueswitch cost, a phenomenon identified by MonseNM&on (2006)

(cue switch costs are discussed in more detail 46 @f this document). Such confounds are

® Perhaps in itself an example of the overly-judisichoice of literature so decried by Altmann (2000
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reported to be overcome by the use of two cuesas&r(Monsell & Mizon, 2006) — the
Verbruggen study used only one. However, thereisomplete agreement on the

contribution of cue switches to switch costs (sééenAnn 2006: Schneider & Logan, 2007).

A second possible source for residual cost is aatafiact of the response selection
process. Examining response-switches as well &sstasches and task-repeats, Meiran
(2000) interpreted residual costs as a reflectiguost-stimulus/ posswitchresponse-bound
processes. Costs are accrued after the stimupussented and after the switch is made —
residual costs are bound to response selectiororditg to Meiran’s model, residual costs
reflect reconfiguration of ‘response set’, assaciet made between specific responses and
salient features of the current task, for exampiess Z key’ might denote ‘small’ in a size
decision task and ‘red’ in a colour decision talke response set is reconfigured separately
from reconfiguration ofaskset; TSR can occur in advance (in response t@ axcu
foreknowledge) but response set reconfigurationt imysecessity occlafter the current
task has been completed. Similarly, Hunt and K{2002) also linked residual costs to
response selection. They were able to extinguisidwal costs, by affecting a ‘hyper-
compatibility’ of response and stimulus. The taglsponse involved looking towards or
away from a shaded box — they proposed that tipassed the motor response selection
stage, drastically reducing the need to activelgcta response. The S-R mapping is so
strong that very little attention or memory is riggd to exact it. Such S-R mappings have
previously been described to include tasks witln iggomotor compatibility (such as
repeating something that is heard, Greenwald ()9fGhose with highly overlearned

responsed (Mowbray & Rhodes, 1959). Alternatively, the hyempatibility may be so

19 As such this has resonance with the ContinuouieSHrverbal switching task which uses verbal tee@med
sequences
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close as to skip rule activation (rather than raspaselection), causing completion to be
triggered by the cue rather the stimulus; the ffetewould be approximately the same,

albeit mediated by cue rather than response.

A further example of response dependent residustlaleo been cited by Gonzélez,
Milan, Pereda & Hochel (2005), using a pre-swit@$ktrelated response (key press during
inter-trial interval) to extrapolate processestetlao the response set. The aim was to see
whether residual costs could be eliminated by dragrsponse — this had the effect of
determining how much response selection contribtdexbsts. The extra response was
completed before completing the switch trial. AtraXxey was pressed during the inter-trial
interval in order to proceed with the task — timset was seen as an opportunity for task
preparation. Inclusion of this extra ‘task-freeSpense resulted in an elimination of residual
switch cost. It was concluded that the additioeaponse was enough to trigger the
completion of reconfiguration — it was making ap@sse rather than making a task-specific
response that triggered this. This effect only o@miwhen there was a choice to be made
between responses (either related to the two tashket) — it did not occur when a non-
choice response of pressing the space bar was Madesupposition was made that only
tasks requiring different S-R decisions could resusuch an effect. However, the
application of this interpretation is again limitedparticular circumstances. Meiran’s
interpretation, of residual costs being responsmtpis only applicable for tasks in which
there is an arbitrary additional response requirgpsich as using the same response to
mean different things for different tasks. In thaséng verbal responses e.g. Arbuthnott &
Frank (2000) and those where task and responsarseitstrinsically bound, this response-
bound hypothesis is negated. An example of suatitgrwould be Gurd’s (2000) use of
sequential incremental switching between verbagates such as numbers and months
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where, for example, the response ‘Tuesday’ isnsicito the category ‘days’. Although these
are overlearned sequences they are not compatithlddnt & Klein’s definition of *hyper-
compatibility’, where the S-R mapping (including$i®e which are overlearned) is so strong
as to dispense with the need for active resporieetsm. This is because of the need to
update the category on every response — resporesegaicitly bound to tasks but not
hyper-compatible. Indeed, caution should also leased in interpreting evidence from
‘cognitively stripped-down’ tasks such as Hunt &lkd's (2002) which arsoexogenously

bound as to almost eliminate the need to activalyose switching.

Finally, credence should be given to the notiom #sgmmetry is a potential source of
residual-type costs without recourse to an exogeneconfiguration component (Htbner,
Kluwe, Luna-Rodriguez and Peters, 2004). Respogysetitions particularly of the more
difficult task, inflated switch cost in such a way tomimicresults attributed to exogenous
reconfiguration, due to a lack of control over thgk sequence. If residual costs are greater
for more complex tasks needing more reconfigurati@m an exogenous account can be
accepted. In the Hubner study, complexity and fiaamiy of S-R rules was varied. It was
found that if tasks were more complex or less feamthere waso increase in switch cost.
This was taken to exclude an explanation using exogsly based reconfiguration. In
particular, stimulus repetitions (excluded from #malysis) were found to inflate switch
costs, particularly for more difficult tasks withcreased difficulty of response selection. It
was posited that inclusion of such repetitiondmwider literature inflated switch cost —
inclusion of such repetitions, particularly for redtifficult tasks, could lead to erroneous
conclusions of residual costs. Hibner concludestéis& switch costs relate to different
processing strategies on switches and repeats thdreexogenous reconfiguration or
proactive interference, stating that a lack of oartver the task sequence may account for
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residual costs. As previously discussed, sequegffieatts can mask task contribution in
asymmetry (Schneider & Anderson, 2010), adding tteig just such a faux effect.
Arbuthnott & Frank (2000have suggested the need to overcome previous tiomlmf a
current task (‘backward inhibition’ as describedpage 53) may be a major component of
residual costs. Switch costs in that study wereiaant for series of two tasks but not of
three, suggesting inhibition dissipated over tiswher than being entirely stimulus bound.
Paradoxically, Sohn & Carlson (2000) found thafqenance was faster with foreknowledge
for the task but that switch cost was not redutssatjing them to conclude that switch cost is

dependent upon reconfiguration rather than inadequaparation time.

In summary, Monsell says attempts to eliminatedteai costs are not consistent and
the evidence would seem to support that. Attengptiotso seem reliant on potentially
confounding issues such as cue presentation. ®eladftresponse rather than task set can be
limited by a lack of cognitive input to the taskuit & Klein’s *hyper-compatibility’) and
does not apply to tasks where the response isditiplbound to the task (e.g. Gurd, 1995).
Hubner and colleagues state that inclusion of repes may inflate switch cost in a way that
mimics residual costs particularly for more difficar asymmetric tasks. However, like the
original TSI hypothesis (Allport, Styles & Hsiel994) this explanation is limited by its
choice of stimuli. Not all studies include morefiduilt tasks; in particular the study which
proposes reconfiguration as a source of cost, Ragédonsell (1995) chose tasks to be of
comparable difficulty. The verbal paradigm of G{t895) also includes entirely comparable
tasks, those being overlearned sequences. It veeglioh that while there are examples of

eliminating residual costs these are far from csipsi.
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4 The failure to engage hypothesis of residual ssmitcost

One further prominent explanation of residual casthe suggestion that residual
switch costs are due tda@lure to engage (FTE) advance preparation time (for agntmn
of trials) rather than amability to complete reconfiguration endogenously (a rekaon
exogenous completion) (De Jong, 2000). In thisaxgtion advance preparation is seen as
optional and advantageous, rather than a necessgrifement as advocated by Rogers and
Monsell. Advance preparation may be faster, butméguring after the stimulus has arrived
achieves the same outcome, noted by De Jong asvarsimore accurate process. Analysis of
data to confirm the FTE hypothesis involves cormsidgethe whole distribution of RT rather
than just means, in order to find the instancesravbieere is a failure to engage with advance
preparation. Like Hubner et al. (2004) who quesibthe inclusion of repetitions in the last
section of this thesis, this questions the caloutadf switch cost for the alternating runs
paradigm as masking some of the effects. Long R&lls therefore produce a mixture of

outcomes rather than just evidence of residuakamstevery first trial.

Failure to engage may be due to a failure to glas@dvantages of preparation
(results gained by Allport et al. (1994) and Ro&dvionsell (1995) are cited as possible
examples of this). There needs to be an additiotethtion to use the advance preparation
time, extra to the intention to change task seg ifikention must be retrieved at the
appropriate time to be used. Individuals need td homemory an associative cue-action
pairing in order to subsequently retrieve the ititenfor action — in such a pairing the action
would be taking advantage of advance preparatioa.tlt is possible that in some
circumstances such a pairing is never made. Thisogosed to be due to a failure to

appreciate the benefits of advance preparation fineposited that this may account for
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studies where preparation has not found to be adgaaus (Allport, Styles, and Hsieh 1994;
Rogers and Monsell 1995, Experiment 2). A secoadae for failure to engage is that of a
low threshold representation of the cue and ite@ated task (S-R mappings). In this case
the activation level or strength of the cue-acassociation is too low for the cue to act as a
trigger to prepare in advance. There may be sewesabns for this — low subjective utility of
the expected benefits of the action; limited caydor maintaining intentions in WM; the
effort related to maintaining the cue-action reprgation at a high level of readiness. De
Jong notes the possibility that instructional sfieity may have a part to play in this; his
instructions explicitly directed participants to keause of the RSI to prepare, a method also

employed by Altmann (2004, Experiment 3).

Failure to take advantage of preparation timese abted to occur when only one
option for preparation time is available (Altma004). Residual costs are said to occur only
in situations (e.g. experimental procedures) wiigegeamount of time to prepare is varied. In
light of this variation of available preparatiomgs, the cognitive system will take advantage
of thelonger preparation time (SOA/ RSI). When there is noatawn in available
preparation times the system will fail to make athis time, even if the length of time
matches that which gave an advantage in variedriexgetal conditions. Both De Jong’s and
Altmann’s descriptions bear close resemblancedddbgnitive caution’ explanation for
bivalency effects (Woodward et al., 2003), wherglgyusion of a small number of bivalent
stimuli in a univalent switching block results iparvasive slowing oall trials regardless of
bi- or univalent status. Aix of stimulus affordances or preparation availap@ippears to
have a similar effect. The bi- and univalent mixpdoyed by Woodward and colleagues
would have differing requirements for responsersednfiguration, as in the Meiran (2000)

model — there switches and repeats contributedréiftially to switch cost. De Jong proposes
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that reconfiguration in failed preparation triatcars as a post-stimulus event, seen by
Meiran as the site of consequential response regoation. This is in contrast to the
stimulus led completion of reconfiguration proposgdRogers & Monsell (1995). It seems
difficult to rule out even partial response bounfiation in such mixture-models; while
responseset reconfiguration as proposed by Meiran maybea sole source of residual
costs, it would seem more likely as a contributactor if we are to accept such a mixture of
preparation (or Woodward’s response affordancendwswitching. Acceptance of De Jong'’s
model would seem to imply the need for this elenoéqost-switch disambiguation and thus

an alternative (or dichotomous) source of cost.

However, De Jong’s explanation has not gone unehgdd — Monsell has replicated
key elements of the study with quite different @mes. In addressing De Jong’s model,
Nieuwenhuis & Monsell (2002) were able to reducerimi extinguish residual costs by
maximising motivation to engage advance preparatioting “...our carefully instructed,
highly motivated, young, bright, and nonfatiguedtiggpants, were still failing to engage... It
is interesting to speculate what one could do ¢toeiase the probability of preparation
further.” (Nieuwenhuis & Monsell, 2002, p.91). Dend’s finding of zero residual cost was
linked, they speculated, to the presence of higkplicit cues®. If these were a necessary
component for successful endogenous activatiodwargce of the stimulus, they would in
effect constitute a variation of their own exogemoeampletion hypothesis (Rogers &
Monsell, 1995). The explicit nature of the cue (¢hg cue containing the two colours that
have to be distinguished between for the task) traghstitute an exogenous driving force to
successfully engage intention activation on all$ti While this proposition does no more to

specify the role of the exogenous controller frowait earlier work (other than to allude to its

1 Monsell (2005) later noted that he had still re¢trs evidence of such an effect
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necessity), it does suggest another possible bomdr to the zero cost result (De Jong,
2000). It can be argued that, in the presencegbfiyniexplicit cues, all of the complexity
requirements (and thus much of the control requars) of the task are stripped away,
resulting not in exogenously-controlled completadrendogenously-activated control, but
removal of an entire processing step in the taskyraviously noted in relation to Hunt &

Klein’s (2002) hyper-compatibility hypothesis.

There are further challenges to the FTE hypoth&sgslong’s model has been
criticised for insufficient demonstration that repérials are fully prepared (Kiesel et al.,
2010). Indeed, Meiran & Chorev (2005) believe ajlampreparation process to be inadequate
and cite a second ‘phasic alertness’ process (paligrenhanced by increased incentive) as
responsible for extinguishing residual costs. Rhal&artness is the optimisation of response
readiness subsequent to a cue in a cued RT taskn(8t Willmes, 2001)Lien, Ruthruff,
Remington and Johnston (2005) sought to increasntive even further by applying a rigid
response time limit (cost-reflecting responsesateal the limit and resulted in errors), with
highly explicit positive and negative visual feedb@mbedded within a game scen&tio
They concluded thatartial rather than full preparation was possible (bywardf preparation
occurring for onlyonetask relevant S-R mappitignot all) and that it occurred on all trials.
It is possible that failure to fully utilise preaion time occurs at a more intrinsic level than
that suggested by De Jong, thus not fulfilling‘alsor nothing’trial preparation

requirement, or that preparation is not a singletdependent process.

12 Nieuwenhuis & Monsell (2002) had used a perforneametated monetary incentive, with negative feeélbac
on repeated errors. Lien et al. (2005) believedatradance of negative feedback within their ganenario
task to be a more rigorous incentive. Feedbackistusof a yellow smiley face (positive) and areatéd
explosion (negative) for Experiments 2 and 3.

13 They manipulated instructional presentation foe¢hS-R mappings (left, centre, right) to take ativge of
left-right reading direction and encouraging preyian for the first presented.
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5 Mixing costs

The issue of repeat trials, however, has furtheveace than just an unspecified
element of the FTE hypothesis (De Jong, 2000) hedhesis will now turn to look at the
relevance of these repeats in more detail. It lees Iproposed that an additional source for
time costs in the alternating runs paradigm is dfiatixing cost§Fagot, 19943* the
reaction time difference between repetitions intslwng blocks and pure task blocks. These
are in effect the time cost afixingtasks together but not switching between them. &vhil
this would potentially inflate measures of generalvhole-task switch cost, it could also
render mixed block repeats a questionable basisaloulating local costs (see Kiesel et al.,
2010). A method used to counter additional workimgmory load during switching is the
alternating runs paradigm (e.g. Rogers & Monsé&95). Wylie, Murray, Javitt and Foxe
(2009) maintain the value of separate pure tasgkisi¢as per Jersild’s alternating tasks) as a

baseline in extrapolating cue and task switch dostsixed blocks.

Mixing costs were initially thought to reflect wong memory load in relation to the
number of task sets (Los, 1996). More recently hlais been refined to task or response
conflicts attributable to the use of bivalent stinfRubin & Meiran, 2005) — mixing costs
were not found in switching trials using univalstimuli (their Experiment 1). This is
attributed to competition rather than merely havimgold the task sets in working memory.
The less predictable the set of S-R mappings ®tdkk, for example as demonstrated by

Koch, Prinz and Allport (2005) (also Poljac, KochB&kkering, 2009) using consistent and

% There is a notable lack of consistency in theriidin of mixing costs which can be problematicomparing
studies on the phenomenon. For example, Schneidard®rson (2010, p.1875, emphasis is mine)nixing
costs, which are performance decrementgé&systimuli in mixedblocks (consisting of easy and difficult
stimuli for the same task) compared with pure bdo@onsisting of easy stimuli only)Kiesal et al. (2010,
p.850) state that: “Mixing costs reflect the “gealécosts associated with task switching comparéd w
performance in single-task situations” — generatsoeflect both mixingnd switch costs e.g. Verhaegen and
Hoyer (2007)
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varied mappings, the greater the mixing costs. Wais viewed as indicative of involuntary
interference for both repeats and switches, inwita earlier inhibition-based accounts of
switch cost (e.g. Allport, Styles & Hsieh, 1994; Wéy& Allport, 2000). Later work (Phillip,
Kalinich, Koch & Schobotz, 2008) further definedximnig costs as reflecting conflict
resolution on theurrenttrial. Switch costs were found to reflect botrstburrent trial
conflict and carryover of proactive interferencenfr theprecedingtrial. Thus mixing costs

do appear to contribute to switch costs.

However, mixing costs in thebsencef time switch costs (and vice versa, see
Allport & Wylie, 2000) as reported by Koch et &2005), may be indicative of a task or
responsdypespecific phenomenon. More specifically, mixingtsosere found in the
absence of RT switch costs, although switch relateatr costs were found. Mixing costs
were greater for bivalent than univalent stimulivas proposed that these bivalent mixing
costs reflected appropriate task and or/ respatseval. This relates again to Meiran’s
(2000) response (rather than task set) selectiplaeation of residual costs. Thus there is
further overlap between mixing costs and specifiahle residual portion of switch cost. To
take this selection idea further, as an altern@gtvecalised ‘inhibitionist’ interference
Steinhauser and Hubner (2005) suggested sequseligaktion for taskomponentsather
than task set or individual tasks. Mixing costsewtfa sequential process of elimination of
irrelevant components with each choice furtherra@ising the eventual respori&eControl is
data driven, which would be sufficient fapetitionsas the task doesn’t change — the
response is afforded by a repeat of the last orderitais cognitively economical ‘increasing

reduction’ explanation could be plausible as a lewel switching mechanism (in effect,

15 Error switch costsverereported.
18 Whether the selection process is additional toy{V2001) or slower than (Hibner ,Futterer & Steinser,
2001) is not definitively demonstrated, but botlsgbilities are cited as plausible from the data.
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treating everything as a repeat until proven otlssyv This would encompass the assertion
by Phillip et al. (2008) that interference respbtesfor mixing cost also contributes to switch
cost, without having to accept this interferencthatlevel of task set, thus still

accommodating a role for reconfiguration.

Mixing costs therefore appear, with a degree ofeosus, to be indicative of
competition between task related representatiossrat level. However, while the
underlying processes may additionally contributevtitch cost, the two are seemingly
separable phenomena and sodbnecessitate extensive reliance on resolution of
competitive S-R mappings (as opposed to reconfigurpas a source of practice-
ameliorated slowing (see Wylie & Allport (2000) and/lie, Javitt & Foxe (2003) as
exponents of this competitive model). Evidenceskgparable mechanisms comes, for
example, from behavioural dissociation from restasts, with mixing costs alone
benefitting from predictability (Poljac et al., 20 Restart cost is a first trial cost effect
regardless of whether that trial is a switch oesgAllport & Wylie, 2000). There is also
identification of functionally distinct neural meahisms’ attributed to different forms of

control indicated for mixing and switching costsdfer, Reynolds and Donaldson, 2003).

However, in a study using ERP data, Wylie, Murtgyitt and Foxe (2009) say the
samemechanisms are responsible for mixing and switghafbeit with differences in the
strengthof involvement. They found ERP amplitude differesté®etween pure and repeat/

switch trials but not between repeat and switctusTifey further expound an associative

" Right anterior PFC in relation to mixing costgetal PFC in relation to advance use of cues dhdugerior
parietal in relation to switching between tasks.
18 Some numerical rather than statistical similasitietween pure and repeat trials were apparent.
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competition and control-free model of task switchihy virtue of theabsenceof competition
during pure task trials armtesenceof competition in both mixing and switching. Front
parietal involvement is interpreted as more contipetithan control oriented. That mixing
costs (and a proportion of switch costs) are suggesf associative competition seems a
safe assumption on the current evidence. Howewseghrding the potential role of
reconfiguration (without demonstrating its abserae}he basis that this process also

contributesto switch cost does not seem so safe.

6 Inhibitory Accounts of Switch Cost: Revising theertial Account

— Associative Interference and Restart Costs

Mixing costs therefore appear to be contributoryetsidual switch costs, yet this
explanation of costs alone is not able to disctlimfplausibility of a reconfiguration account.
One hypothesis that sought to do this was the agsarinterference account of Wylie &
Allport (2000). They sought to address this endyrgsue of residual switch cost using
similar Stroop style stimuli as before (Allportytts & Hsieh, 1994) and Monsell’s
alternating runs paradigm. While there was stillemce of forward interference, they
conceded that TSI (and, indeadl, pre-existing theories pertaining to switch cost)ld not
adequately account for such costs under condiatlawing for adequate task preparation (as
was noted by Rogers & Monsell, 1995). This wasipaldrly as Allport and colleagues
demonstrated interference effects in non-switchiaseline trials. They had in effect moved
from an inhibition to a retrieval-based accounswftch cost, stating that “...a new
hypothesis, based on the learned associations eetstenulus representative representations

and response representations, does very much.bétgdie & Allport, 2000, p.231). In a
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complete revision of the original TSI theory, thepposed model interference occurred not
just because of lingering overactive control frdra preceding task, but because of
previously activated (and now erroneous) stimuagponse (S-R) mappings to the non-
current bivalent attribute. For example, if a deggimulus afforded both a subtraction and
addition task, the previously associated subtraditribute might interfere with associating
the stimulus with the current addition attributévery time a task is associated with a
particular stimulus they become bound, not onltheparticular response for that S-R
mapping but also to other properties such as theegband goal of the task (Monsell, 2005).
Associative interference is proposed to be a n@atributor to residual switch cost. This
was demonstrated by Waszak, Hommel & Allport (200Bey used a stimulus set of object
pictures with an object name superimposed, theliasilg to name either the object or the
word, using an alternating runs design. Costs \gezater for words that had previously been
picture named, even after a gap of more than ondried trials between the two related
events. This can be said to occur for retrievdhsk set rather than just retrieval of task
response because it happened for congruent stiwhdire the same response was made on
the previous trial — if it were only the responsenly retrieved there would be no difference
in switch cost (Monsell, 2005). As such this wosékm to have resonance again with
accounts that report greater bivalent costs, sadfoah et al.’s (2005) report of greater
mixing costs for bivalent stimuli. Yeung and Mon42D03) later provided a reciprocal
concession that TSI (not associative interferem@sa contributory factor in switch cost but
only in circumstances where both the precedingugudming tasks had been recently
practiced. Associative interference was viewedasiwing only under certain circumstances
e.g. during switching for Stroop word reading, fautswitchingandrepeats in Stroop colour

naming (Waszak, Hommel & Allport, 2003).
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The associative interference model claimed thagemegative priming costs (or
“...negative transfer...” Allport & Wylie, 2000, p.64nposed significant and enduring
impedance in the face of S-R mapping change. Honvéligort and Wylie proffered the
caveat that their interference based model mayh&ned to explaining results from Stroop-
style tasks where such a reversal of mappings nvgkdit. Meiran’s (2000) response-bound
source of residual cost implied competition betwesaningfuresponse dimensions as
problematic, so Allport’'s model may indeed be atéfial to Stroop-style tasks. Monsell
(2005) concurs that associative interference ocauasbroader level (and thus contributes to
switch cost in more general terms) than that gbsase selection, citing evidence (using non-
word stimuli, Monsell, Taylor & Murphy, 2001) th&troop interference arises in part at the
level of the whole task set for reading per sehBathan just theesponsdor the word
reading/ colour naming competing, there is actuadimpetition between task sets. This
notion arose from the finding that non-colour worderfere with the naming of the ink
colour. Words (regardless of their frequency) adteno greater interference than
pseudowords. Unprimed interference was concludée tactivated by task set rather than
response tendencinyword prompted the act of reading, which in turieifered with
colour naming. Priming was interpretedstgqpplementather than be solely responsible for
this process. Additionally Rogers & Monsell (1998)nd faster RT for neutral than
congruent stimuli which (says Monsell) can onlygxglained by interference occurring for
the task set — enduring activation would othenkizee facilitated response selection for the
congruent stimuli. Monsell (2005) also offers thiservation that associative interference, at
whatever level, cannot be the only determinanesidual costs as repeated bivalent stimuli
would inevitably become equally associated witthldask sets. Any long term associations
would seemingly cancel each other out. Stroopudtiare an unusually dominant bivalent

pairing.
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In addition to Monsells’ assertions, it is of nthat Gurd (1995) viewed non-Stroop
verbal task switching (producing words from altéenaverlearned sequences) as inherently
different in its requirements from Stroop switchigard, Roberts and Phillips (2001)
identified fundamentally different mechanisms uhglieg Stroop switching as oppose to
partially shared mechanisms relating to non-Stwipching tasks. Similarly, Waszak &
Hommel (2007) identified discrepancies in comparisotheir earlier work (Waszak,
Hommel & Allport, 2003), specifically a failure tocur negative priming from single
stimulus presentation, which they attributed toléwel of encoding associated with the
Stroop-style presentation used in the earlier walthough Allport acknowledged the
limitations in his earlier work presenting the T§fpothesis (Allport, Styles & Hsieh, 1994),
the adherence to Stroop-style switching may ofiether restrictions to the application of his

later model.

In considering Allport’s proposal of reversal (issvapping between one and the
other) in S-R mappings as a retrieval-based sdorcavitch cost, it should be noted that
Gade & Koch (2007) have linked such a build upssfagiations to explicit cues as well as
stimuli. They found the same reversal-costly effectarbitrarily associated cues, such as a
shape indicating a consonant decision. This sugdlesteffect may not be entirely task
bound, although the potential translational requert of such cues has been cited as an
inflationary contributor to the long-term inhibigocosts found in backward inhibitibh
(Grange & Houghton (2010), Houghton, Pritchard &fage (2009)). Although Wylie and
Allport (2000) didn’t switch cues, Waszak, Hommetlallport (2003) later extended the

costliness of such mappingsalb operations related to completing the switch arideaing

19 An explanation of backward inhibition is given page 61.
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its goal, not just S-R mappings. This is confirnbydMonsell’s (2005) assertion that task

context and goal as well as S-R mappings relasssociations.

After Allport’s original presentation of associaiinterference, Gilbert and Shallice
(2002) offered a computational replication of Alfpe Stroop-style task using a parallel
distributed processing (PDP) architecture. Theyl@mgnted a proportionate carryover of
unit states into subsequent trials to mimic thesigggnce of previously activated dominant
task sets as proposed by Allport et al. (1994) yTused the rationale that if implementation
of this method could duplicate human behaviouré da the task, this would negate the
need for an exogenous element in explaining svatsts. Their production of a number of
phenomena (switch and restart costs, asymmetris goboth directions, first-trial
confinement) was proposed as support for the astdeeiinterference account as a panacean
model of task switch costs. Later work by Yeungl@0Ohas located carryover effects such as
those shown by the PDP model to the response mglesthge and has suggested that the
contribution inevitably occurs in combination widnd secondary to) exogenously driven
processes. Competition between task sets of tleepggpited by Allport is subsequent to a
failure to activate the upcoming task set. Whiléb&it and Shallice’s data undoubtedly
supports the associative interference model, itldveaem that this model is specifically
confined to response selection in differentiallyriloant competing task sets as exist in
Stroop. Indeed, Baddeley, Chincotta & Adlan (20@hd no evidence for associative
interference in Jersild’s list paradigm. Interantlmetween switch cost and a concurrent task
rules out negative priming — such a hypothesis @puokdict additive secondary effects with

an equal cost across all conditions.
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In summary the associative interference hypothseseks to extend the original TSI
hypothesis, supplanting transient interference ftioenjust performed task to long term
interference from competing S-R mappings. Assoaatiterference does, of course, only
apply to tasks that use bivalent stimuli. Such @oant cannot explain why switch costs
(including residual switch costs) occur using ufewastimuli as demonstrated by Rogers &
Monsell (1995) and Ruthruff, Remington & Johnsta@Q1). Clearly in this instance there is
no associative competition between responses. éudh pointed out by Monsell (2003)
there are also instances where no switch costs émchivalent stimuli — if associative
interference is a factor it should be consisteptBsent. An example of such a lack of
bivalent costs is from Hunt & Klein (2002) whereiwhing was between prosaccades and
antisaccades (visual movement towards or away ftorpgripheral targets. Such a design
should produce the type of interference positedliport — why does it only seem to occur
for particular types of bivalent stimuli? Althougtere is some computational evidence
(Gilbert & Shallice, 2002) supporting the negatorening effect, Yeung (2010) says that the
effects from the PDP model are related only to@asp selection. As Monsell (2005) had
earlier noted cost effects must be related to sa&lswitching rather than just the response
tendency. As such the associative interferenceefriedigain a limited explanation of task
switch effects, bound specifically to Stroop-likerauli which must be seen as a special class

of bivalency.

6.1 Restart costs

Is the apparently Stroop-limited associative ir@s¥hce hypothesis completely
inapplicable for non-Stroop stimuli? At the sammedias proposing the negative priming

account, Allport found evidence for a cost relatethe first trial of a run, regardless of
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whether it was switch or repeat (Allport & WylieQ@0). This was an additional contributor
to residual switch cost and one which doesralyton competition between response or task
set (although it was proposed to wavith such interference). As previously discussed, the
alternating runs paradigm revealed that switch w@st only increased for the first trial of a
run, which Rogers and Monsell offered as evidemaerest Allport’s passive TSI account.
The TSI account required interference to persist geveral trials (although Allport
retrospectively asserted that TSI was not incoasistith some kind of active goal setting
element of task switching behaviour (Allport & Wg/i2000). However, Allport returned to
this ‘first trial confinement’ of residual switclost. Continuing with Stroop style switching
and again using alternating runs, Allport and Wy#600) found this ‘first trial’ orestart
effectto be evident also on the first trial mdn-switching runs. Additionally, they proposed
that the effect was compounded (for bivalent stimprgviously encountered for the
alternative task) by associative interference fommpeting S-R mappings. Renewed first-
trial slowing occurred after a gap of as littlet@® seconds. Restart of tesametask (a

repeat) was interpreted as triggernregewednterference from earlier competing S-R
mappingsThus the restart cost also triggered associattezference. Rather than this restart
effect being evidence against interference pengjsiver time (as cited by Rogers & Monsell,
1995), Allport and Wylie maintained that restarstsowere a feature of starting a set of
speeded responses (quite separately from switgloftgh compounded by previously learnt
stimulus associations (these augmented repea¢siairt costs were termed ttedound

effec).

Another issue that comes up with restart costsasthey can be asymmetric (harder
for the easier of two tasks) although this timehsasymmetry is not explained by the TSI
hypothesis. Asymmetric restart costs in the absehswitching were incompatible with the
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original TSI concept of both switch cost and asynmyneeing due to the repeated application
of dominance-related task set perseveration. Téecagive interference model accounted for
this mid-task first trial effect as the long teresult of previously laid down associative
learning of S-R mappings. A variation of this exy@don comes from Bryck & Mayr (2008),
who also found asymmetric restart costs — theydasy (E) and difficult (D) tasks with long
(--) and short (-) gaps in between, presented lasye E-E—E-E—D-D—D-D—E-E—E-
E—D-D—D-D... Restart costs on repeats after a lgayg were greater for the easier task.
They say this cannot be explained by models suthea&ilbert and Shallice (2002) PDP
model which relies on switches (not repeats) talpce asymmetries. Both task switches and
delayed repetitions require LTM retrieval, spedlfig encoded as examples of prior task
performance. The more control that is requiredeidgsm a task (for example, a difficult
task), the more examples are encoded. When retoeears, interference would come from
irrelevant encoding examples — these would be ety for the easier task as it had fewer
correct encoding examples. However, Schneider &etsoh (2010) point out that the easier
task is likely to have many more encoding examfrte® outside of the experimental
structure and should therefore be dominant in LTRe same could be said for the
associative interference account, with previouaig lown associations actually being more
broad-ranging than the confines of the switchingnseio. As such neither necessarily

explains the occurrence of asymmetry.

7 Backward Inhibition

Both the TSI hypothesis and associative interfexdrave been shown to be limited to
Stroop style bivalent stimuli. However, there atigeo explanations reliant on effects from

inhibition of a previous trial that go beyond thigo-task bivalent paradigm. Using three
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tasks, théackward inhibitionhypothesis (Mayr & Keele, 2000) shows that switghio a
recentlyinhibited task is more costly. In terms of praeteffects on switch cost, Yeung and
Monsell (2003) note that a TSI-based hypothesislavpredict larger switch costs for a
recently practiced task (the unpractised task b#iagweaker’ one). An associative
interference-based hypothesis would predict smatists for a recently practiced task as S-R
mappings would still be current. However, persgtizisk seinhibition, as well as activation,
can impinge upon subsequent switches (Baddeldy, 988). A number of studies have
looked at inhibition and practice more closely,@fpeally the phenomenon of greater switch
cost and error being incurred by a switch to andgeerformed task than to one performed
not so recently. This type of sequentially appligubition, so-callecbackward inhibition

was first demonstrated by Mayr and Keele (2000)ir8luding three tasks in the switching
scenario it is possible to compare the effectsoth lone and two intermediate tasks (e.g. A-
B-A and C-B-A), thus manipulating the recency & thsk being switche. In A-B-A
sequences, the more recently applied inhibitiotasik A still persists, whereas in C-B-A
sequences it has had time to dissipate. Mayr amtelmirportedly demonstrated this effect
to be confined to top down control of switchingbrobust in the presence of
foreknowledge and to be contributory rather théaiteonal to exogenously driven ‘shift

costs’ (as per Monsell).

Mayr & Keele (2000) had used an odd-one-out task t@isks varying on colour,
orientation or motion. They used verbal cues inihigathe next dimension to be attended to,
which would need translating from ‘orientation’dscerning which is the anomalous
representation of this. However, for presentatiba cue which directly relates to what needs
to be done i.e. a picture of the target item, thednto actuallglo anything in terms of active
switching is largely superseded (as Logan notecetidiive control is the instrument of
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volition” (Logan, 2004, p.218)). Mayr & Keele behed that backward inhibition occurred
only in the context of endogenously driven switchamd was a complex variant of Allport’s
negative priming. Top down processing was instidégthe verbal cue, bottom up by
merely having to find the odd one out in a disphath no indication as to what dimension
should be attended to. While the stimuli were dwattbetween trials so that the odd one out
followed the C-B-A sequence, there was no afforddoc active preparation. While this may
be dubious in terms of being classified as truke $agtching, to an extent it allows analysis
of sequential task set activation, though theretmesessarily be increased interference from
all task sets on every ‘switch’. While ‘switchingiay have been sequential, the likelihood is
that competition between all task sets was morévatgunt on each trial and so potentially
masked any possible backward inhibition effect. Tsk required participants to look for the
odd one out, which happens to be on a differerdrpater each time. Task set activation and
search was forced to an extent by including antewtdil distracter on one of the parameters,
which participants were told to disregard, but shiitg is ultimatelytoo passive. Backward

inhibition is not found because task sets are coaiiaactive on each trial.

In line with Allport and Wylie (2000), Koch (e.gcBuch & Koch, 2003; Koch, Gade

& Philipp, 2004; Philipp & Koch, 2005) proposestti@hibition is applied to response
processes. For example, backward inhibition wasvalto be extinguishable when no
response was elicited for task B in an A-B-A se@aemising a go/ no-go approach (Schuch
& Koch, 2003). Although interference at other s&geacknowledged, Koch, Gade, Schuch
and Philipp (2010) suggest that interference ocpursarily at the response stage. Later
work has refined this view, suggesting that ita$ only response processes but those
processes that contribute the most interferencelwduie the target for inhibition. It has been
proposed that backward inhibition relates to ‘camigét translation’ (Houghton, Pritchard and
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Grange, 2009). This is the need to convert task-@gndicators of what task to apply to the
upcoming stimuli, for example looking for an andletladed/ outlined shape in a visual
search) into a representation of what the taska#lgtis. The degree of translation required
from the cue to the target determines the amoubaokward inhibition related cost.
Externalising the site of translation by increading explicitness of the cue (and excluding
Koch'’s response-based inhibition by maintainingntal task response requirements)
allowed Houghton and colleagues to remove the &sfigicbackward inhibition. Thus cue
ambiguity necessitates translation and backwantitndn is said to relate to this translation
rather than to task responses per se. In addresgrapwn versus bottom up processing,
Mayr and Keele say “A potential problem... was thgbarticipants in the top down
condition did nohaveto use the explicit cues because the stimulugnmdtion was not
ambiguous” (Mayr & Keele (2000), p.13, my emphadig)wever, Mayr & Keele found
backward inhibition in an unambiguously-cued mavedfide switching paradigm —
Houghton and colleagues’ task instigated a sedrttedodd one out’ (Mayr & Keele,
Experiment 3) but using such an exogenously drigsk that the requirement to actively
impose switching control is negated and thus eedidic of backward inhibition must be

considered an artefact of this very specific amy géimulus-dependent task design.

8 Explicit Cueing

Backward inhibition was particularly dependent be tole of the cue to instigate top-
down processing. As used by Mayr & Keele (2000sat@uld vary in their explicitness,
needing translating (from the word to the assodiatgion) or being quite direct (two colours
indicating a colour choice is to be made). Thislda@lirectly access the goal or require an

additional processing step to interpret the cue.vihat other effects could the cue have
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within the switching scenario and what additionalgses does inclusion of a cue facilitate?
While manipulation of preparation time in the ait&ting runs paradigm has a clear effect on
switch cost, there is no way of determining whémf(iall, as proposed by De Jong, 2000)
reconfiguration occurs during this interval. Whskemuli act as implicit cues for the task to
be performed, the introduction of separate exptigés (Meiran, 1996) allows trials to be
presented randomly with accurate manipulation ot Ippe- and post-stimulus intervals and
so determines the point at which switch-relatect@sses can be engaged. By introducing
task-specific cues before the stimuli, Meiran ()99®posed that preparation effects and
residual costs did indeed represent an exogenaupament of control, rather than
dissipation of TSI during the preparation periockitdn was able to show that the longer the
cue to stimulus interval (CSl), the shorter thed®§ts. In previous studies the CSI was said
(by Meiran) to be confounded by ‘remoteness’ fréwva previous trial. A longer CSI meant
that the subsequent stimulus was ‘further awayhftbe last response than trials with a
shorter CSI. This meant that a longer interval gjinet only the chance to adequately prepare
(Rogers & Monsell, 1995) but also the opportundy darryover to dissipate (Allport, Styles
& Hsieh, 1994). Therefore it cannot be said withtaiaty that longer preparation time
actually reflects preparation. In the Meiran (198&)dy while the interval between cue and
stimulus was varied, the interval betweenrégponsen the previous trial and tlseimulus

on the current trial was kept constant. Thus tietatice’ between response and subsequent
stimulus remains constant regardless of the leafgthe CSI. Dissipation of carryover did

not occur and so switching was associated with mck/@reparation and thus executive
control. A longer CSI resulted in fast switch cdstline; longer response-to-cue interval
(RCI) produced a slower decline. This led Meiraptopose three separate sources for
switch cost: passive decay of task set A, acti8& Tor task B and a residual stimulus-bound

source. With reference to this, Meiran, Chorev &i86000) had stated that switch cost
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cannot be taken as a measure of executive funatome. There is a role for dissipating
carryover (in tasks that do not regulate the R3lictv does not reflect executive control.
Residual costs reflect a failure of preparatiothalgh long CSI reduction of switch cost
does reflect success of control to an extent. # praposed that the relationship between
preparation and control was not straightforwargndall preparatory contribution to cost
could equally reflect lack of engagement (no intlaraof control) or fast an efficient control.
Preparation reflected a variety of processes, ¢ioty“...phasic arousal, predicting target

onset, and reconfiguration” (Meiran, Chorev & Sap®00, p.251).

Cues have also been investigated from the poiniesf of just the type of carryover
Meiran sought to refute. Using a cued digit pantggnitude task, Koch & Allport (2006)
investigated the relative contributions of cue bigseeparation and stimulus based priming to
switch cost. The cue effect was proposed to oveecprnming with a long CSI to allow for
preparation. A long response-to stimulus interirgl) allowed for greater decay of the
preceding task set and so reduced switch costpstiipg (they said) the associative
interference account of switch cost through mitabf the priming effect. The task is
activated by the cue — activation increases asetitan of the length of CSI. This activation
then decays as a function of the length of RSIs aies of course suffer from the non-
standardisation of the RCI as noted by Meiran,ifeatb the confound of remoteness from
the previous trial. In partial agreement with Maitaey suggested separable stimulus and
response based aspects of switch cost attribut@inh@nipulation of CSl and RSI
respectively. Conversely, Monsell and Mizon (20@8Yocated reduction of cost with long
CSl as evidence of endogenous reconfiguration winere wadow predictabilityof the
upcoming switch. Reconfiguration could not occuthia absence of foreknowledge until
specifically cued. Meiran’s earlier model (1996tempasses both passive decay and active
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reconfiguration. However, the subtle disparity begw tasks (independently cued bivalent
stimuli for Allport, directional Stroop-style swhing for Monsell and a directional task
involving spatial shifts for Meiran) would urge ¢gun in interpreting an exact overlay of

these explanations.

8.1 Cue-task association

A secondary consideration for interpretation ofélelicit cueing paradigm relates to
thetypeof cue chosen to signify the task, specifically tiegree to which the cue has to be
translated, something already noted in relatidoaickward inhibition (Mayr & Keele, 2000).
It has already been noted by Hougton and collea@id@sghton, Pritchard & Grange, 2009;
Grange & Houghton, 2010) that cues with a lesschagffiliation to the task result in
increased levels of backward inhibition. Using &tplerbalisation cues and arbitrary
symbols Arbuthnott and Woodward (2002) found grestétch cost with the lower
association symbolic cues. They posited this toeeiteflect reduced time to retrieve task set
due to additional cue encoding or longer time regfuto retrieve the task set from LTM (in
part resonating with Mayr & Kliegl's (2003) integgation of cue switch costs). Schneider
and Logan (2006) later favoured the LTM positiothva mediator hypothesis of transition
cue processing. In this instance cue meaning i@ iseonjunction with knowledge of the
prior trial’s task to access a mediator (suggebte8aeki & Sato (2009) to be verbal) to the
task identity. Using multiple cues per task, thegkled at situations where the cue and task
both repeated, the cue changed but the task repaateboth the cue and task changed.
Switch cost was lowest under conditions of frequask alternations, higher under
conditions of frequent cue repetition and greatester conditions of frequent task

repetitions. Looking at these three types of tt@rsiand using mathematical modelling they
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were able to demonstrate that these differentroagitudes were reliant on priming of cue
encoding. Cues were automatically primed accortbrigstances in memory of past task
transitions. The frequency of the transition deteaas how many instances are available from

memory’.

8.2 Cue processing

Of course, comparability between predictable un@weitching and unpredictable
switching signified by cues is limited. Altmann (20 draws a stark comparison between
alternating runs and explicitly cued switch cofspuring the latter as a less confounded
measure and criticising the apparent lack of dititam between the two in the literature (e.g.
reviews such as Logan, 2003 and Monsell, 2003di€table uncued switching requires
internally represented implicit task sequencesidiniiask instructions are processed once at
the beginning of the task block as oppose to repgatocessing of explicit task cues (Logan
& Schneider, 2006a), arguably requiring less aitentikoch, 2008). A number of studies
have suggested that switch cost in the explicis @aFadigm is heavily confounded by the
need to process and switchesrather than task (Logan & Bundesen, 2003, 2004)inlar
structure as that of Schneider & Logan (2006, dleedrin the last section) was used, with
multiple cues per task and three different cudy temnsitions (repeats of both, task only
changing and both changing). It was found thatigipeints were responding to the
compound of the cue and the target rather tharspigthing task set. Such a compound
response brought into question the ability of slwitost to reflect executive control in the

explicit cueing paradigm.

 This has resonance with Bryck & Mayr’s (2008) exgition of restart costs, where the more contrdlitha
required to perform a task the more examplesafdtencoded in memory.
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Conversely, there may also be a revéseefitirom cue encoding (priming from cue
repetitions) rather thasetrimentfrom task switching (Arrington & Logan, 2004a; Log&
Schneider, 2006b). Association between the cuéewrurrent trial and the cue on the
previous trial led to quicker responsesaskrepetitions. This in turn would affect any
measure of switch cost calculated as the differbeteeen task alternations and repeats. The
probability of a task switch is thus said to enattategicmemory-based priming rather than
the automatic priming proposed by Allport and cadjees (e.g. Waszak, Hommel & Allport,
2003). The compound strategy of the cue and stisnglgaid to give unique identification of
the correct response. One task set (encode cuajetarget, select response) can then be
used to address every task, removing the nesditochtask set. Associations between the
current and previous cue trigger encoding exanfptes memory. This body of work
substantiates the prevailing view of Logan andeaglies that task switching performance is
essentially a memory problem. However, this stdrasebeen radically revised to
acknowledge the limitations of cue-encoding efféctsxplaining all cued switching
performance (e.g. Arrington, Logan & Schneider, 200his is in line with
neurophysiological evidence (Jost, Mayr and R62l@08) that cue-switch and task-switch
processes are dissociable (see also Altmann (2608)refutation of this ‘cue reductionist’
stancé). In addition, Mayr (2006) found probability effsaooted (at least in part) in task
rather than cue transitions, explained in termssi-driven adaptive reconfiguration
(although this does assume the system is ableeit probability-based strategic control over
inhibition processes). Cue switch costs increasedtask switch cost decreased as a function
of the probability of an upcoming task switch. iswconcluded that participants were
responding to the probability of a task switch,egivthe cue switch. Task switches were thus

more important in determining switch cost. High teWwiprobability could lead to suppressing

2L Although it should be noted that Altmann is hinfisefervent ‘switch cost dissenter’, stating nolyathat the
alternating runs paradigm is an inadequate meadigwitch cost (hopelessly confounded by restastg)p but
that switch costs do not reflect executive confseke Altmann, 2003 and Altmann & Gray, 2002).
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the previous task set @tl trials. This would lead to costs on tasfetitions resulting in a
net reduced switch cost (repeat/ alternation diffiee) which would be independent of a cue

switch.

8.3 Inner speech and self-cueing

It has been earlier noted that uncued switchingireg internal representation of task
sequences. While cues may carry an extra processsidalbeit extrinsic to switch cost
itself), they do remove the requirement to holdtdsk sequence in meméhyit has been
suggested (Koch, 2003) that this ‘internal cuetask order representation primes the system
for more efficient use of external cues, whilel $éitilitating successful (but slower)
switching itself. The use of inner speech as d-m&ting’ devicé® to reinforce this
representation is well established. Reliance cgrimatl cues diminishes as external cues
become more available and more task-specific (Eonef#sMiyake, 2003; Miyake, Emerson,
Padilla & Ahn, 2004). When articulatory suppressmnsed to disrupt the action of inner
speech (which it does significantly), this is amedied when external cues are closely linked
to the upcoming task (Emerson & Miyake, 2003). Tuggests the role of inner speech as a
self-cuing device for retrieval and activation gbl@gonological representation of the task,
which comes to the fore in the absence of expiioeis. As noted already in the discussion of
explicit cueing, mediators to task identity, formsdthe compound of cue and stimulus, are
believed to take the form of phonological repreaton (Saeki & Sato, 2009). Inner speech

and explicit cueing would seem to be fulfilling tb@&me role in accessing this representation.

2 \While this internal representation may place insegl demand on working memory, both Barch et 8871
and Logan (2004) found working memory load to tssdciable from other processes active during task
switching.

% Bechtel (1994) suggested inner speech, as a protlacognitive system, must be external to itgvtsky
(1934/ 1962) viewed it as an extension of ‘outpeech and so able to be responded to and used gathe
way as hearing an external speaker. Such exterpedsentations of information (for example, nokénig or
presumably spoken ‘memos’) have been proposedasiaof external memory trace (e.g. Donald, 1991).
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In a non-cued switching task it could be argued ith@er speech as a self cuing device is a
more direct route thaarbitrary external cues as there is no requirement for lxaon

between cue and representation. This would howssed to be mediated against the
additional (non-switching) costs of holding thektasder in WM. As previously noted this
cost is dissociable from switching costs but wilhtribute in an additive manner nonetheless.
However, reliance on cues, whether externally mhediand transient or internally generated

and constant, does appear to be a necessary fedawiching between tasks.

It has been found that reliance on inner speegheter in children and older adults
(Kray, Eber & Lindenberger, 2004; Kray, Eber & Kadh, 2008), known to have switching
deficits. As well as compensating for paucity opkoitness in external cues (as noted
earlier), inner speech also offers a supportive fot age-related task switching deficits
(Kray, Eber & Karbach, 2008). Older adults are kndw benefit more than children from
overtconcurrent task-congruent verbalisation during fagparation — incongruent
verbalisation has a strong interference effect yKEber & Lindenberger, 2004), akin clearly
to articulatory suppression. Again greater reliaincese groups on inner speech was found
in the absence of environmental cues. Functionaging data from younger and older adults
on a continuous performance task (Braver, Paxtooké & Barch, 2009) confirms more
response to ambiguous ‘probes’ (akin to transitioes, which indicate a task switch but not
what that task is) and contextual (task specifi®s respectively, in line with an adapffe
model of cognitive control. This age-related evicewould support accounts of switching
control that advocate a multiplicity of mechanisimsccount for varying task, response and

perhaps even population demands. For example, RagiLarter (2008) compared two

24 pdaptive in terms of both task and resources. |8pidlayr and LaGrone (2006) suggest that ageedlat
changes in switching ability are only really obvsawith the use of external cues, but that this beynore of a
case of a change in ability rather than impairment.
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tasks requiring perceptual and rule based switchemising that there are multiple
mechanisms for switching dependent on task req@inésn This must include varying types
and availability of cues and varying levels of agkted control adaptation. Age-related
differences in the use of inner speech thereftustite another way in which ‘one model

fits all’ is an ineffective construct.

As already noted the application of articulatorpmession (incongruent concurrent
speech) during the commission of inner speech leageseater switch costs (e.g. Miyake,
Emerson, Padilla & Ahn, 2004). One viewpoint oktkffect of articulatory suppression is
that there is a specific executive role for therplogical loop in task switching (Saeki &
Sato, 2004). However, this would challenge theomoof the phonological loop as a slave
system to the central executive, positing a moteecole. There is no need to take such a
controversial view of the findings. In interpretiagnilar results, Baddeley (2002) agrees that
at first sight it seems there is a role for theriogical loop. However, he cites Vygotsky’'s
(1934/ 1962) assertion that verbalisation is impiicthe control of action. As such the
central executive rather than the phonological lsamplicated, given that such verbal
strategies would need to be accessed from LTMhEurdonsideration of the role of memory

in task switching is given in the second half o titerature review (see page 82).

So, if there is a role for the central executivéhia application of inner speech can we
say that this internal verbalisation is indicatdfeactive control processes during task
switching? Goschke (2000) again found that verdadlling (overtly naming the upcoming
task) reduced switch costs. He proposed that ¢fflisated retrieving the intention to perform

a task and was supportive of advance reconfiguraliavas hypothesised by Goschke that
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retrieval of the intention or task representati@swan intrinsic part of advance
reconfiguration (again, refer to Vygotsky 1934/ 2R&rucially the length of CSI was key —
too short and the verbal labelling had no bendfefiiect as there was not time to complete
advance preparation. Therefore the process reflexteance reconfiguration. Dissipation of
previous task set (the TSI hypothesis) was rejeatethe grounds that tlententof the
verbalisation was responsible for switch cost rédac The endogenous aspect of control
specifies the addition of new goals to supplantarids (as specified by Rubinstein, Meyer &
Evans, 2001), as actioned by intention retrievakm®verbalisation (and, it can be assumed,
its internal silent counterpart) therefore représekey aspect of top-down controlled goal
shifting. Itis also suggested that such verbatisaactively suppresses interference from
previous task sets. Monsell (2005) concurs thguiistic self-instruction assists task set
reconfiguration (TSR), having noted participanteimittently verbalising task instructions

(something that also happens frequently in the i@oats Series Il verbal switching task).

In summary, inner speech acts as a self cuing departicularly when environmental
cues are absent or when they are not explicitkelihto the task. It would appear to act in a
supportive role to active reconfiguration. The mexelicit the external cue, the less the
reliance on inner speech (Emerson & Miyake, 2008akk et al., 2004). Verbalisations
additional to inner speech are less disruptive wheg are concurrent to the task (naming to
upcoming task) (Kray, Eber & Karbach, 2008). Additally we know that verbal cues are
more effective than pictorial or abstract cues.(®lgnsell & Mizon, 2006; Lavric, Mizon &
Monsell, 2008). What then would be the effect, blask that relies wholly on inner-speech as
a cue, of providing verbal (visual) environmentaés that are concurrent with the upcoming
task? The Continuous Series Il is uncued and sekq, relying entirely on (according to
Baddeley from Vygotsky) central executive retrieoherbal strategies from LTM and use
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of inner speech to cue retrieval of intention (Gds; 2000). Constantly available whole
word cues signifying the upcoming task would refi¢hre need to retrieve verbal strategies or
instructions from LTM, thus reducing the net WMdio@nore of this on page 82). The visual
presentation of cues would eliminate any articulasuppressive tendencies even in a cue
that matched the task — in previous studies mattdsddand verbalisation still resulted in
some cost. Such cues would be supportive of tleeafoinner speech, perhaps reducing the
need to rely on it at all or freeing up the phogatal loop to rehearse items within the
categories (e.g. Monday, Tuesday, Wednesday.tgadof the categories themselves (e.g.
Numbers, Days, Months...). Cue free switching saskthe Continuous Series Il is reliant on
inner speech — if this inner speech is indicativehe involvement of WM then the result of
supporting this process should result in reduceattbwost and fewer errors when WM load
is reduced. Experiment 6 in Chapter 8 exploresithfall, using visual cues with varying
degrees of verbal explicitness. Additional analysisExperiment 2 in Chapter 4 looks at the
effect of incidental overt verbalisations for therinuous Series Il. Although not as
controlled of verbal labelling, this is nonethelegsrmative of the ways in which overt

speech might reflect or support inner speech.

9 Dual Mechanism Models of Control

Throughout the thesis thus far there has beermrladistinction between bottom-up
passive accounts and active top-down reconfigurdiassed accounts of switch cost. The
passive accounts propose either a transient caryahactivation of the preceding task set or
more long term interference from previous S-R maggiof bivalent stimuli. The active TSR
account advocates preparation for the switch osayuduring adequate preparation time,

with completion of this task set reconfiguratiorceing once the stimulus arrives (an
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exogenous component of control). However, there leeen mentions of one account
conceding the involvement of the other — for examjleung & Monsell (2003)
acknowledge that transient carryover of the typsadted by the TSI hypothesis is

implicated in some types of task switching.

Proactive control (as advocated by reconfigurabased accounts such as Rogers &
Monsell, 1995; De Jong, 2000; Rubinstein et al.12@bhn & Anderson, 2001) relates to
preparatory task set activation in advance of switg, requiring sufficient time to complete.
Reactive control relates to overcoming the penstgef a previously active (and no longer
relevant) task set (e.g. Allport, Styles & HsieB94; Allport & Wylie, 2000). Neither Allport
et al. (1994) nor Rogers and Monsell (1995) wete siomake a definitive distinction
between inhibition or reconfiguration effects irithdata; it was not possible to entirely rule
out one or the other. Meiran (1996) proposed thomeponents of switch cost: passive decay,
active reconfiguration and a stimulus-bound redidoat. Taslexpectancyffects the
amount of time required to reconfigure for the upow task, but taskecencyaffects the
amount of time needed to execute this reconfigomatiRuthruff, Remington & Johnston,
2001), hence supporting Meiran and accounting & BSI1 and TSR. While TSI and
backward inhibition appear to be transient localiseurces of interference, S-R associations

provide a sustained source of interference througtine task.

Similarly, rather than a single central executivegess controlling task switching,
Goschke (2000) advocated a modular control ‘panedrseeing both maintenance and
reconfiguration of task sets. This demonstratechads reconfiguration, reducing cost via

pre-stimulus verbal access of the task. MonselD%2Mas advocated such verbal
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representations as being implicit to the reconfgjon process (see description of
representation in inner speech page 60). As prelyalescribed, the verbal content of the
task retrieval represented the active introductiba replacement goal, negating the role of
TSI dissipation. This was in line with Woodwardaés (2003) confirmatory verbal access
(page 25 of this document) and Mayr & Keele’s (208€rbal prompting of top down
processing (page 53 of this document). Goschke@uhao ‘control panel’ model also
established carryover of activation via stimulusled (bivalent) erroneous responses.
However, involuntary or passive effects from presidask sets were not conceived of as
entirely triggered by the stimulus. Active contwas not seen as being wholly directed by
conscious intentions. Rather, conscious intentwe®e said to offer constraints that
modulated the readiness of responses automattogiiyered by stimuli — in this way
conscious intentions configure automatic proce$sasGoschke the stimulus-bound cost is
not constant but translates as a dynamic requirefaenontrol in the face of fluctuating

stimulus-based response constraint, such as icae of bivalent stimuli.

A further dual mechanism account of control dusmgtching (Braver, Reynolds and
Donaldson, 2003; Braver, Gray & Burgess, 2007) dosssustained (proactive) control
with transient (reactive) control. Sustained cans@n ‘overseeing’ function controlling fast
switching between several tasks throughout thetiduraf the task. Transient control is a
variable function relating to both internal recgpiiation of goals and linking task cues to
their appropriate S-R mappings, akin to Goschkegfgchic control. In light of this model,
Meiran’s (1996) residual component would appeacdoate to confirmatory stimulus-bound
feedback. Imaging data revealed three distinctsapéactivity associated with different

phases of the switching process. Sustained cont@rsllocated to right anterior prefrontal
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cortex (PFC) and transient control was locate@fiosuperior parietal cortéX A third area
of activity, in the lateral PFC, was related toresgentation and maintenance of task set,
separate from switching of those task sets. Leéfréh PFC has been associated with a
“...general role in task-set representation andarse preparation...” (Braver, Reynolds &
Donaldson, 2003, p.721), a role thané dependent on having recently switched t&sks
This is highlighted as agreeing with the assoagainterference account of Allport & Wylie
(2000), which reported proactive interference d@ffemn non-switch trialsCosts arising from
transient control do so from localised switchingpoe task to another, with costs reflecting
the speed or efficiency with which task set reqgunfation occurs. Sustained control, being
long-term control for the whole time period of tiask, is thought to contribute to costs
relating to performing tasks in a mixed environméims also being able to explain mixing
costs. In trials where there is preparation fortpeoming task this is achieved through
proactive sustained control, while trials thatwatelly reliant on cues depend on reactive
transient control. Thus different types of switahare reliant on different types of control,

both of which are separable from maintenance ofakle set.

Reconfiguration is stimulus dependent (Rogers & 8din 1995) — this model allows
control of reconfiguration to be separate from stusresponsenechanisms (Meiran’s
(2000) response bound source of residual cosick of proactive reconfiguration could be
construed as analogous with a failure to engag&)fDe Jong, 2000). Variation in the
speed or efficiency of reconfiguration is builtarthe model, so a serious deficiency here

would account for FTE-type results. Conflict regmn, as occurs durinfyjequenttask

% The task relied on visually presented stimuli whicay have contributed in part to this activation.
% Other work (Yeung, Nystrom, Aronson & Cohen, 2086ygests that representations in the PFC reldtSlto

effects, although this is not at the expense afreomitant role for active control processes.
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switching or presentation of incongruent stimuhdas may happen also repeatedly in the
absenceof switching) is posited by Brown, Reynolds ané@&sr (2007) to require top-down
processing. Conflict may come between expectechanal responses, when switching
frequently — this might be addressed by slowingesponses, to prevent premature
introduction of the expected response. It may Bisonduced by incongruent stimuli — task
requirements might remain similar but conflictirigrauli might appear, requiring a change in
attentional focus. A single source for control wbnbt be able to respond adaptively to such
contrasting task demands. For example, respona@ngjavould not affect a suitable shift of
attention in a case of responding to incongruentudt. Replication of Goschke’s (2000)
results of post-incongruenspeedingenhanced after a task repeat) were interpreted as
evidence that control exerted on incongruency-aocinésulted in subsequent RT
improvement for the same task but increased swibshwhen the task had to change.
Mechanisms for resolving conflict were proposedétect change and incongruency
separatelythus proposing a method by which active contcobants for asymmetry

(Allport, Styles & Hseih, 1994).

Further computational modelling of switching by thghors (Reynolds, Braver,
Brown & Van der Stigchel, 2006) showed task switgtould be controlled under a passive
associative learning mechanism (Allport Styles &itis 1994; Allport & Wylie, 2000) but at
the cost of susceptibility to previous trial cavgo effects. ‘Overseeing’ maintenance of the
task in PFC-analogous units reinforced task dinmensiput (as per verbal reinforcement
Goschke, 2000 and Saeki & Sato, 2009), reducingubBeeptibility to carryover effects and
arguably providing impetus in the same way as Miiessexogenous’ cue for
reconfiguration (Rogers & Monsell, 1995). To defmere clearly, whether active
maintenance of the task was present or absent@nupis had a significant impact on switch
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cost. When switch cost was minimal, it was prextidhat there was an increase in delay-
related responses in the PFC units, reflectingactiaintenance. When switch cost was
greater, it was predicted that there would be aremse in target-related responses in the PFC
units, reflecting task-set reactivation. Analydiewed both these predictions to be true. The
model showed a combination of active maintenandeagsociative learning to be

responsible for several features of task switclhialgaviour. It demonstrated that selection of
a correct response in the absence of an activelytanged task (which happened in some
trials) was driven by the associative learning naectm. However, this was at the cost of
influence from previous activity. Such an impaahégated by active maintenance in the PFC
units, which provides a different source of inputtask dimensions. Without active
maintenance, both target dimensions (for bivaléntdi) competed, with one gaining an
advantage due to prior learning. Passive maintenahtask switching is possible but is not
the most efficient route and comes with its ownreewf cost. Both routes for switching are
available, dependent on environmental and task ddsalthough not tested, the model of
Braver and colleagues (Brown Braver & Reynolds,7@urported to account for

asymmetric costs. In the Stroop task they pretat ¢olour naming is conflicted from word
reading, leading to greater conflict activity iretthodel and thus more attention paid to
colour naming, resulting in enhanced performante. rEsultant increased activation to the
harder task (colour naming), opposing a switchh&dasier task. While more generally there
are contributory effects from TSI-like carryovesyenmetric costs are accounted for via a

mechanism of over-compensatory conflict control.

Meiran (2010) came back to this concept of duatrodmechanisms, proposing
sources of rigid and flexible self control (analagdo the transient and sustained control
posited by Braver and colleagues), with processgeding or facilitating switching.
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Localised inertia, such as implied by the passieemanism in the previous model (Reynolds
et al., 2006) and specific in Meiran’s previousg@Paccount, imposes rigidity to the system
through automotive (passive) activation of processtating to the now defunct task set.
Preparation and inhibition are facilitatory flexakéffects which, although actively imposed,
do not entirely outweigh the influence of rigid tah processes. The search for the ‘elusive’

homunculus may be misplaced if control is thus ntexdand reactive.

10 Conclusion

Inhibition and reconfiguration are by no means ralijuexclusive; Goschke (2000)
proposed that switch costs reflect both intentigumaparation for reconfiguration and
interference from recent or previously learned &akassociations. Monsell acknowledges
that at least part of the switch cost is attriblgdb inhibition in some form (Yeung &
Monsell, 2003). Indeed, a case can be made fairtler-specified, passive, stimulus-bound
exogenous controller from the TSR account (Rogekdafasell, 1995) and Allport’s passive
transient (and, according to Monsell, stimulus-lunterference (Allport, Styles & Hsieh,
1994) to be one and the same thing, although agneteom this matter does not seem to be
likely. Altmann and Logan (e.g. Altmann, 2002; Lag2003) take a more extreme view in
that switch cost is nothing at all to do with cahtnd that task switching is more of a
memory problem than one of cognitive control. Itlsar that a number of factors can inflate,
mask and otherwise change switch cost, althougbuld seem that there is a core ‘value’
which relates to the act of switching, although howuch centralised active control is
required depends upon task and stimulus demargidMensell, Yeung & Azuma, 2000;

Hunt & Klein, 2002; Gurd et al., 2003).
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The picture we have is one of a slow/ accurateast/ £rror prone route to switching —
inhibition carryover (Allport, Styles & Hsieh, 199dr ‘waiting for the cognitive gear
change’ (whatever its nature) (Rogers & MonselB3)9 or it might be that you just forget
what you are supposed to be doing (Altmann & G2&90; 2002). Few studies look at real-
time whole task (continuous) switching, insteadusing on individual switches or repeats
within task trials. Switch cost is stripped downgolated error-free measures of these minute
phases of the overall process. In reality it setrasone size does not fit all; different task,
switch and response requirements employ differestgsses which result in different causes
of switch cost. While there may be a core commemeht of cost, its exact nature is as yet
far from determined. Yehene & Meiran (2007) do itfgra general switching ability linked
to residual switch cost (cost remaining with angieparation time) and mixing cost, but this
notion of generalising only to some functions (twoswitching under short CSI conditions or
congruency effects) does not sit well with the idéa single central function for switching.
Given that residual costs, like other contributorsverall switch cost, are extinguishable in
certain circumstances, the likelihood is that msittiuirce models (e.g. Meiran, Chorev &
Sapir, 2000) will offer the best explanation of ®hicost. We should even consider the need
for multiple separate models to account for differtypes of task, response and

circumstance, as more recent work suggests (RagiZzarter, 2008).
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CHAPTER ONE: LITERATURE REVIEW — PART TWO: THE
VERBAL TASK SWITCHING PARADIGM — CONTINUOUS
SEQUENTIAL SWITCHING USING AUTOMATIC SPEECH

TASKS

11 Continuous Series Switching

The Continuous Series (Gurd, 1995) was developedvasbal task switching
paradigm to track deterioration in the switchingiaés of Parkinson’s disease (PD) patients,
in a task with no visuo-spatial or motor demanas ¢ifting dysfunction in PD is well
documented e.g. Lees & Smith, 1983; Owen et a@31Woodward, Bub & Hunter, 2002).
The task requires participants to produce itenesradttely, sequentially armbntinuously
from increasing numbers of overlearned sequenagsasinumbers, days, months and
letters. The overlearned nature of the stimuli nsale task is not liable to the verbal fluency
difficulties usually found in PD (Gurd & Ward, 1988urd, Ward & Hodges, 1990). Such
examples of ‘automatic speech’ are typified notydn} a high degree of practice but also by
syntactic and semantic simplicity (Bookheimer et 2000) and are known to be preserved in
a variety of pathologies (e.g. Code (1997) citéganautomatisms in aphasic and left
hemisphere damaged patients). Switches are prbictad uncued — participants are told in
advance the order of the category switches and@ssmpnwithin each category follows their
implicit sequential structure. No externally preteehstimuli are used, allowing maximum
preparation time and minimal additional processaguirements; response production is
entirely self-paced (as per Jersild (1927), Spe&tBeiderman (1976) and Allport, Styles &

Hsieh (1994)).
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Further rationale for using the task lay in thegmtial to address both parts of
Shallice and Burgess’s (1991) predictions for dutystional Supervisory Attentional System
(SAS). The tasks contrasted due to the low novaight switching requirements of the
Continuous Series task and the highly novel/ mihsaatching requirements of tasks such as
the colour Stroop. This contrast allied itselfhe tontention scheduling and non-routine
scenarios in which Shallice & Burgess (1991) hagppsed a fully functional Supervisory
Attentional System (SAS) was implicit. Failure btSAS to modulate the action of
contention scheduling would result in (1) persetreedbehaviour, or (2) an inability to deal
with novel tasks. The Continuous Series, coloun&irand an alternating verbal fluency task
were employed by Gurd (1995) to address the thatention that a dysfunctional SAS was
implicated in the PD profile. An absence of cortiela between Continuous Series and verbal
fluency (both frontally mediated tasks) was takem@adence against impairment aiitary
frontal function. In addition, two types of erroeve recorded for the PD group during the
Continuous Series task, contention scheduling ®and WM errors. Separate cases of
double dissociation for these two error types witthie PD group highlighted the non-
universality of perseveration and so again questidhe application of an unfractionated
SAS dysfunction. The use of verbal responses tondissh between these two error types
was later mirrored by Arbuthnott (Arbuthnott & Fkar2000), who identified executive

wrong-task errors and WM decision-errors (choosimgsponse within a task).

A modified version of the task (Continuous Serigsising non-canonical start points
for the sequences, Gurd & Oliveira, 1996) was ueddrther define the dissociation between
task switching and other abilities in PD, contredtas time with a guided semantically-
stratified verbal fluency search task adapted fidersser & Beller (1965). Impaired
performance on the two tasks was again found tissmciable, in accordance with previous
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results from Gurd (1995). In addition to the cladiasefulness of the Continuous Series II
task in tracking switching deterioration in PD, @@and Oliveira proposed that a unitary
SAS-type dysfunction was unlikely to be the sowtenpaired performance for both tasks.
Rather, executive control was said to be of difiéiet relevance (the nature of which was
unspecified) to each of the two tasks, concurriith Wllport’s (1992) suggestion of several

distinct fractionated central executive functions.

The Continuous Series Il task was further emplq@atd et al., 2002) to assess the
contribution of the parietal cortex during switcpirAs noted by Gurd and colleagues, reports
of such switch related activation were primarilydadrom tasks with visual or visuo-spatial
task demands (e.g. Kimberg et al., 2000; Sohn.€2@00; Dove et al, 2000). The Continuous
Series |l offered a unique opportunity to look\attshing in the absence of such demands,
using silent self-paced repetition of the verbaktda he assertion of Gurd and colleagues, that
verbal task switching “...had no spatial and na&isomponent whatsoever” (Gurd et al.
(2002), p.1030) was pivotal to their interpretatadrihe data as supporting a major integral
role for the parietal cortex in switching per sétl#e time this involvement was not well
established. However, the possibility of an abstspatial aspect to the task should not be
overlooked. During later work with the Continuowerigs Il (Essig, 2004a), participants were
observed tapping or pointing from left to rightnh@rk out the order of the categories;
anecdotal reports confirmed that some were holdmgnage of the category order in a

spatial configuratiofl. However, the strength of the assertion shoulcbrdessened, only

" There may be some argument that the arrangemémé abmponent tasks or the ordinal nature of the
categories does itself constitute a spatial elemdfagleman (2009) has noted a synaesthete-likekpa
arrangement for overlearned sequences in non-symedes. Fias, Lammertyn, Caessesn & Orban (20Q&) de
processing of abstract ordinal knowledge (lettai mumbers) in the horizontal segment of the irsriagtal
sulcus — letters are seemingly processed in atayclosely mimics that of number processingspecificity
of the horizontal plane of the intraparietal sultmsrdinal number processing (see Dehaene, PiRnael, &
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tempered, by this caveat, given that the task wramho physically mediated response, no
externally delivered stimuli (with ensuing spabalvisual attributes) and the impetus to
switch is entirely endogenous. The verbal switchpagetal activity is as a result of general
switch cost® (defined by Kray & Lindenberger, 2000), with (afided by Gurd et al.) no
exogenously driven task demands. While the ordiatire of the overlearned sequence
categories may be construed as having a spatalgegment (which could partially account
for the parietal activation in a supposedly nontigp#ask). The persistence of this activity
during non-ordered semantic category switchingéasrted by Gurd et al., 2002) would

suggest a significant switch related role.

The imaging data from the Gurd et al. (2002) stueyealed broad prefrontal cortex
(PFC) activity’ and importantly increased activity in the supefiosterior parietal cortex
(PPC) as a main effect of verbal task switching gared to single verbal category fluefity
PFC activation was variable in its location whengasetal activation was found to be more
consistently bilateral and more consistently s&d% and 82% respectively, see Gurd et al.,
2003 for further analysis). Gurd and colleaguegsested aupramodalole for the parietal
cortex, in addition to any modality specific furmeis indicated by tasks with visual, spatial or
aural task demands. Several published studies covittuthis interpretation e.g. Barber and
Carter (2005), Collette, Hogge, Salmon and varLdeten (2006), Cohen, Dehaene,
Vinckier, Jobert and Montavont (2007) and Lu e{2009). It has been suggested by Wylie,

Murray, Javitt and Foxe (2009) that the fronto-ptaii network identified by Gurd and others

Cohen (2003)). Fias & colleagues propose this neagiue to transformation of letter ordination toumerical
form.

8 Costs derived from comparison of a switching blaith a non-switching block, as opposed to comparisf
switching and non-switching within the same bloaltgrnating runs).

29 Bilateral anterior cingulate cortex, bilateralrftal operculum.

% The nature of the Continuous Series Il does fowalor comparisons with switching repetitions viitta trial
in the same way as the alternating runs paradigm.
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(see section on page 75 ‘neural activation durasgg switching’) may be involved more in

the regulation of competition than actual contktdwever, their own data relating to such
competition (Wylie, Javitt and Foxe, 2004) arisesf the utilisation of an explicit cued
design (they attribute competition to the arrivialhe cue), something absent from the data of
Gurd et al. (2002). Consistent switch related atitbn of the superior posterior parietal

cortex in the absence of visual, spatial or cueireqents would appear to be an unusual

finding.

The Continuous Series Il therefore representglayunusual form of task switching.
There are two key themes related to the task thatant further interpretation in relation to
the broader task switching literature. One is {ygaaently switch specific activation of the
superior posterior parietal cortex — although thelvement of a fronto-parietal network in
task switching is well established (e.g. Sohn, Ufswderson, Stenger &Carter, 2000; Brass,
Ullsperger, Knoesche, von Cramon & Phillips, 20@bis is nearly always in the presence of
visual and spatial task demands and often in cgldt the use of cues which has been shown
to increase activation in this area (Sohn, Ursujekeon, Stenger &Carter, 2000, although
c.f.De Baene & Brass, 2011 for a recent refutatiornisf cue related activity). The other
aspect of the paradigm that requires further dsonss the entirely self-paced reliance on
internal representations. Although Gurd presernissahsence of cues and stimuli as a positive
feature of the task, it inevitably increases tredlon WM, particularly as the task reaches a
maximum of switching between four tasks. The ewvidefor the effects of WM load on
switching abilities is mixed but it is evident trgatitching calls on these resources
(Vandierendonck, 2012). The fundamental questiavhisther taxing WM separately from
the switching function (as holding a sequence af tasks would do) has a detrimental effect

on that switching function. Reliance on verbal W8Mmplicit, as previously noted by
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Monsell (2005) in participant verbalisation of tasquence (see also Goschke, 2000) and by
Baddeley, Chincotta and Adlam (2001) in the detnitakeffects of articulatory suppression.
However, other studies have shown that while Wivhgetates to task switching

performance (higher span, better performance)beabilities do not interact (low span does
not equate to greater costs) (Kane, Conway, HakBriEngle, 2007). Both of these issues
will now be addressed, as will the relevance of@oatinuous Series Il to major theories of

task switching.

11.1 Neural activation during task switching

The Gurd et al. (2002) study shows a commonly fdumigto-parietal network being
activated during task switching. However, the widege of stimuli and varied task demands
is noted by Gurd et al. (2003) as proving problecriatdetermining a universal model of
activation generally applicable to switching. Ieigen more difficult in applying these
findings directly to the activation found in the l@dwstudy as switching occurs between tasks
but within a single cognitive set of overlearnedusences. Additionally the lack of sensory
stimuli means “.nodisengagingno moving to a desired locatioma modulating sensory
inputs andno executing motor actions to target eveniGurd et al., 2003. p.S55). The
verbal task offers switching in the absence of mairiyre necessarily associated functions
and so activation seen during this task may offeur@r picture of taskwitchrelevant
activity. Neural activity associated with verbatiea is of course implicit but this is the case
with all task switching (Monsell, 2005). Particuaedence is given to parietal activity found
during this task, due to the lack of additionaktdemands usually associated with such
activation (e.g. Kimberg, Aguirre & D’Esposito, ADAsing visuo-spatial displays). The
parietal cortex is well established in the rolelwécting spatial attention (Halligan, Fink,

Marshall & Valler, 2003), including redirection ofovement or movement intention (‘motor
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attention’) (Rushworth, Johansen-Berg, Gobel & De\2003) and has been implicated in
switching tasks with visual input (e.g. (Sohn, Ur8adersen, Stenger & Carter, 2000).
Further analysis of the role of the parietal cortegwitching has been carried out since,
suggesting, for example, a role in the selectioaabion rules (Philipp, Weidner, Koch &
Fink, 2013 — although still with visuo-spatial damda) but the suggestion that the parietal
cortex has a supra-modal role in switching thétas from additional demands (Gurd et al.,

2002) remains notable.

Evidence from lesion-based studies shows the pradl cortex (PFC) to be widely
implicated in the control of task switching. Eawgrk related deficits to dorsolateral
(DLPFC) damage (Rubinstein, Evans & Meyer, 1994¥idxs are commonly found in
relation to both left and right PFC damage (Roger., 1998; Aron, Monsell, Sahakian &
Robbins, 2004) — Aron et al. (2004) particularlghiighted damage to the inferior frontal
gyrus (IFG) in relation to inhibition. There is alsome evidence for involvement of the
anterior cingulate cortex (ACC) (Burgess, 2000;d&ass, Veitch, de Lacy Costello &
Shallice, 2000). This is suggested by Braver, Ba@riay, Molfese and Snyder (2001) to be
related to response conflict resolution (see Brdreynolds and Braver (2007), page 65 of
this document), similarly cited by Burgess et 20q0) as implicit in task-related rule
breaking. Conflict monitoring by the ACC resultsappropriate recruitment of the DLPFC to
resolve competition issues (Botvinick, Braver, Bar€Carter & Cohen, 2001). MacDonald
lll, Cohen, Stenger and Carter (2000) confirm DLRR@Ivement in rule implementation
and ACC in processing of incongruent stimuli. Ingarency would clearly represent a case
of conflict, confirming this already establishedieroThe PFC, while highly implicated in
control during task switching (e.g. Dove et al.0@0Braver, Reynolds & Donaldson, 2003;

Brass & von Cramon, 2004) does not appear to hayeea solely devoted to switch
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control which is not also implicated at a lesseelef activation during repeat or baseline
task trials. For example, Dreher, Koechlin, Ali @achfman (2002) found fronto-parietal
activation increased in switching compared to s&paiask performance but not in

comparison to holding two tasks in memory withouttshing.

As noted by Gurd et al. (2002; 2003) activatiothi& parietal cortex is established in
the task switching literature, though largely ifatien to tasks with visual and spatial task
demands (Kimberg et al., 2000; Sohn et al., 20@¥elet al, 2000; Sohn et al., 2000).
Primate studies have also indicated a role foptisterior parietal cortex (PPC) in attentional
and set shifting (Yamazaki, Hashimoto & Iriki, 20@%iew data supporting non-spatial
representations in the PPC) and task encodingt(&t8ayder, 2006). More generally part of
the parietal cortex (the medial superior parietblle) has been associated with cognitive
control “...during shifts between perceptual, mnampand [crucially] rule representations”
(Esterman, Chiu, Tamber-Rosenau & Yantis, 2009/9¥74), although again in relation to
perceptual-motor tasks. The relationship betweent&l and parietal regions during
switching is predictably frontally led. Using EEGaBs, Ullsperger, Knoesche, von Cramon
and Phillips (2005) found that PFC activity templgrareceded and so biased activity in the
parietal cortex. This was thought to relate to ta&gkesentations and stimulus-response
associations respectively (see also Rushworth jiRgesm & Nobre, 2002 for similar
results). The role for the parietal cortex seengely stimulus bound although going beyond
that of mere stimulus processing as might be coedtby results from visual-based tasks.
There is however evidence for a parietal role ghkr order cognitive functions in the
absence of spatial requirements (Gottlieb & Sny#@1,0). Amongst other functions this
includes encoding task context or task rules, atlycsometimes before the presentation of

the target stimulus as shown from single neurodistu(Stoet & Snyder, 2004; Balan &
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Gottlieb, 2006). Liston et al. (2006) say that B#feC is sensitive to a dissociable form of
conflict from the ACC, stimulus and response ralatspectively, reinforcing Gurd and
colleagues’ assertion of a supramodal role folRRE. Interestingly they reported activity in
this regionprecedingan increase of activity in the DLPFC (unlike Brassl., 1995),
suggesting the possibility of an independent rotettie PPC (although the study used event-
related fMRI rather than EEG). The notion of PPGdrated conflict resolution would tie in
with the assertion of Birn et al. (2010) that peali@ctivity of the type found by Gurd and
colleagues relates to controlled retrieval; comamgrgpecifically on Gurd et al. (2002),
Booth, Bebko, Burman and Bitan (2007) note thats#mmantic nature of the task may impose
increased retrieval demands. Retrieval may be stfratt rules rather than merely motor
responses (Stoet and Snyder 2004; 2007), agaigugpGurd’s assertion that the parietal

cortex has a more fundamental role in task switghin

The recruitment of a fronto-parietal network (FR&gvidently implicit to task
switching (e.g. Dove et al., 2000). But this saragmork is well documented as being
involved in a range of executively demanding tggkg. Cole & Schneider, 2007; Niendam
et al., 2012) and is implicit to goal-directed b@bar (Corbetta & Schulman, 2002). As
noted there is no distinct area or network devetadly to task switching. The FPN does not
work in isolation, recruiting other networks acdoglto task demands (Vincent, Kahn,
Snyder, Raichle & Buckner, 2008). The ability akthetwork to be applicable in so many
tasks and situations is attributed to the exist@fickexible hubs’ within the network — these
are regions that are able to rapidly change thebrain-wide functional connectivity
patterns...” (Cole et al., 2013, p.1) and allow foguitive control across a variety of tasks.
Clearly then the network responsible for switchimgpecialised more for cognitively

demanding goal-directed tasks than switching it$ei$ noted that althougswitching
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activity is seen in the parietal cortex this igefation to different task parameters than those
causing activity in the PFC (e.g. Badre & Wagn@)@&show a dissociation between the two
aread"). Although the two areas act in concert, Karaynid al. (2010) state that
preparatory and task related control associateu euéd switch/ repeat trials are related to at
least partly distinct activity in the PFC and PRG.previously noted activity in the network
is also temporally differentiated, being frontdltyl (Brass et al., 2005). Additionally
recruitment of the network differentiates accordiaghe type of switching task being carried
out. Although there are some common areas (theanfieontal junction and the PPC)
different types of task (perceptual, response atecd switching) recruit differentially across
the network (Kim, Cilles, Johnson & Gold, 2012) cRetment of the FPN is diverse —
although there are no switch specific areas thexeswitchcommorareas. Control of task
switching is not carried out universally by a sengkt of brain regions but instead a multiple
range of regions (perhaps mediated by the coreezliemof the FPN overseeing complex
tasksper sg depending on the phase of the switching procesgylcompleted and the type

of task.

Involvement of frontal and parietal regions durtagk switching is therefore well
established, but how does this relate specifidalyre action of reconfiguration and
inhibition? Determining a neural basis for recoaf@ion has not been straightforward, not
least because several imaging studies have repootettrease in activity during preparation
for a switch compared to preparation for repeatdriNecessarily (because of haemodynamic
lag) studies have had to use preparation intenfadeveral seconds rather than the fractions
of seconds used in behavioural studies (e.g. Kimbeal., 2000; Sohn et al., 2000).

Activation seen during this period could therefbeereflecting task maintenance rather than

31 Under a situation of increased preparation thexsreducedswitch-repeat activity in PFC areas but
increasedactivity in parietal areas
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reconfiguration (Lavric, Mizon & Monsell, 2008). ®e cued fMRI studies have used
techniques such as varying CSI from trial to tomaincluding occasional cues with no stimuli
to separate out cue and stimulus related actidibyvever, as noted several of these have
found no difference between switch and repeat patipa (e.g. Brass & von Cramon, 2002;
Luks, Simpson, Feiwell & Miller, 2002; Ruge et &Q05). However the picture is not all
bleak — in a cued response task using bivalenuandlent stimuli it was found that rule
representation and task-set reconfiguration asodiable processes, finding a clear
difference in activation levels for switch and raptials (Crone, Wendelken, Donohue &
Bunge, 2006). Task-set reconfiguration was linkaecgically to medial PFC activity.
Further dissociation has been found between cuelsand task switch (Bryck, 2008), in a
pattern consistent with a hypothesis of endogewountol. Use of ERP data has been more
successful in determining the action of reconfigjorg allowing for separation of pre-
stimulus preparation and post-stimulus complefidrese studies show a clear difference
between switch and repeat trials (e.g. Nicholsaraanadis, Poboka, Heathcote & Michie,
2005: Swainson, Jackson & Jackson, 2006; Astldsaac& Swainson, 2006). Interpretation
of latencies, in particular a posterior positivéleetion at ~400ms into the preparation period
reported in several studies, has led to the prtpadhat this is a direct reflection of advance
reconfiguration (Lavric. Mizon & Monsell, 2008). Bydependently manipulating cue and
response to stimulus intervals, it has been passibéeparate out the action of active
reconfiguration from passive interference (Nichalgtb al., 2005, see also Li, Wang, Zhao &
Fogelson, 2012). While some fMRI studies have nahfl a switch-repeat difference (Brass
& von Cramon, 2004; Ruge et al. 2005), the picgleaned from ERP data is more
consistent. Reconfiguration (along with some degfferhibition) is clearly defined as a
component process during task switching (Rushwetrtd., 2002). This reconfiguration is

anticipatory, as predicted by the TSR hypothesm@Rs & Monsell, 1995). Reconfiguration
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of task set and implementation of task set areceestsal with distinct phases of ERP
modulation (Rushworth et al., 2002) which wouldtaey fall in line with a prediction such

of that of Meiran (2000) that switching consistsseferal different associated processes.

As noted, the inferior frontal gyrus has been Iohk@ inhibition (Aron et al., 2004).
However, studies investigating inhibition are nade@spread (most look at processes
supporting active reconfiguration or preparatiomj &urther confirmatory empirical evidence
is sparse. Hence a piecemeal picture of inhibitedated neural activity is presented.
Secondary evidence of residual activity in areéatirg) to the preceding task would suggest
a role for carryover of the previous task set (Yguxystrom, Aronson, & Cohen, 2006). But
is there neural activity specifically related tdilnitory processes? Dissociation between right
prefrontal activity for inhibition and left prefreed for activation of task sets was gleaned
from a small sample of individuals with focal les$p suggesting functional separation of
these processes (Mayr, Diedrichsen, Ivry & Keel)6) and confirming similar previous
results for inhibition (Aron, Monsell, Sahakian &Bbins, 2004). Looking specifically at
backwardinhibition (greater costs for the third task oqeence A-B-A compared to C-B-A
due to its recent activation) in a sample of hgatibntrols, there is again a finding of right
lateral PFC increased activity in relation to geed¢vels of inhibition (the A-B-A sequence)
(Dreher & Berman, 2002). More recent work on baakinahibition found switch-related
activity in the left medial superior parietal lobulvhich appeared to also recruit the left
intraparietal sulcus and posterior cingulate co(iiguet et al., 2013). Inhibition of a
previous task set (backward inhibition sequence-A}Besulted indeactivationof these
parietal regions when the same task was returnedhere was no inhibition-relat@&crease
in activity, only a decrease in regions relatedgecific demands of the task. This is certainly

in line with proposed predictions for the TSI hypedis (Yeung, Nystrom, Aronson, &
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Cohen, 2006), that activity would be decreaseanmitch related areas, rather than an increase
in an inhibition specific area. However, equallyeaould predict an increase as more

effortful processing is required in the face of qatition. The absence of any increased
activity in areas previously highlighted as relgtto inhibition is troublesome, although the
body of literature is frustratingly small so theggarently marked differences have little
context. Again there is a high level of visuo-spltiask demands that could account for the
switch-related activity. It is notable that theseypous studies do not report parietal
deactivation in relation to inhibition, perhapslilighting the role of the specific task
demands. As for all aspects of task switching tiere unique locus of activity for

inhibition — all regions apparently involved arsatecruited for other phases of the

switching process.

In summary there is no switch-specific area — negjiavolved in task switching are
also implicated in other complex or demanding ctigmibehaviours. There is a reliable
fronto-parietal network but this is diverse in thege of component areas involved, with the
network recruiting a number of other areas and atsy according to task demands.
Mapping these patterns of activation to elementsegftheories of task switching, namely
reconfiguration and inhibition, have been far fretraightforward. Some forms of evidence
can be conflicting (as is the case for fMRI datatieg to reconfiguration) but others (ERP
data for reconfiguration) offer a more certain piet Certainly it seems that more combined
methods studies would be the way forward here (&sea et al., 2003 being an example of
such a combined fMRI/ ERP study). The pattern ofgpal activity in relation to non-visuo-
spatial switching as in the Continuous Series lr{et al., 2002) is not widely replicated in
the literature but there is some small body of enak that suggest this could be related to
rule representations in the absence of such taskudds (Gottlieb & Snyder, 2010). Medial
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superior parietal lobule has been shown to be stipp®f initiation of task set
reconfiguration in a range of domains, althoughb ttas been in the realm of perceptual-
motor tasks (Esterman et al., 2009). However, gthersingle neuron results that parietal
cognitive control occurs in the absence of spatghands (Stoet & Snyder, 2004) it is
entirely feasible that such activation is relatedeconfiguration per se rather than being tied
to a particular domain or response mode. Althobghet is arguably a spatial element to
overlearned word sequences, this is far more athgtran for externally presented stimuli. As
such the parietal activation shown in relationh® €ontinuous Series Il can legitimately be
taken as an early example of response-free cogratmtrol, perhaps relating to

reconfiguration of task set.

11.2 Memory load during uncued verbal switching

Aside from the unusual non-spatial parietal actoraseen during the Continuous
Series |l, the other outstanding feature is thest @ntirely memory dependent. One obvious
criticism of the Continuous Series Il is that ijust a test of memory. Holding four tasks in
WM with no supportive external cues or stimuli mbgtnecessity be demanding. Are the
increased time costs and errors seen at this hegsdly a reflection of an overloaded WM?
Working memory load is implicit to all types of kaswitching, both cued and uncued.
However, some types of switching (such as the @antis Series Il) require switching
exclusively within WM. Both Barch et al. (1997) abhdgan (2004) found working memory
load to be dissociable from other processes adtivimg task switching. Wager, Jonides &
Smith (2007, p.1742) provide evidence thatswitching within working memory is
separable from switching in perception.” Excessnaamory load will of course result in

reduced ability to switch attention or inhibit iieeant task sets (Hester & Garavan, 2005) but
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Gurd et al. (2002) assert that the constraint mfgusverlearned sequences minimises this as
much as possible. Although categories have to lzkihevorking memory during switching
feweritemshave to be maintained resulting in reduced pexgmay iterations, rendering
working memory possibly comparable but differerdistributed between switching and non-
switching conditions. Circuits associated with \@nvorking memory (inferior parietal

cortex (left supramarginal gyrus) and PFC regiaaated by e.g. Braver et al. (1997)) were
reportedly not “maximally associated” with switchim the data collected by Gurd and
colleagues. Parietal activity was therefore natarily associated with active maintenance of

items in working memory through attention shiftifggg. Jonides et al. 1998).

However, there may be additional costs relatinggaoking memory not foreseen by
Gurd — it has been proposed that memory switchiag imcur an additional cost to task
switching in the same was as cue switching. Furtemipulations of the role of working
memory came from Mayr (2010) who used 2:1 respamsepings’ (a cue-task mapping —
two possible cues could signify one task) and aotedl that use of memorised task
representations mirrored the cue switch cost fomitld exogenous explicit cues. A
significant portion of RT costs were due to thechaeswitch between memorised cue labels
rather than switching between actual tasks. Howevezcent review (Vandierendonck,
2012) has shown that in some instances thereiist@@ction between memory load and
costs. Undoubtedly there is a significant reliaoneverbal working memory during task
switching, as seen from the role of verbalisati@ogchke, 2000; Monsell, 2005) and the
disruptive effects of concurrent articulatory suggsion (Baddeley, Chincotta & Adlam,

2001). Other studies (e.g. Saeki & Sato, 2004;ddghe, Vandierendonck, Muyllaert,

32 Mayr notes Altmann’s (2006) objection to the u§€:@ mappings as introducing an erroneous addition
level of processing to the task, stating that gusth a retrieval based cost is implicit but maskett1l mapped
tasks.

96



Verbruggen & Vanneste, 2005) have demonstrateddikatg the phonological loop results

in slower and more error prone switching.

Conversely, other evidence has shown little linkMeen WM and switching. Logan’s
(2004) task-span was compared to memory span -spaskreflected the number of tasks
carried out in the correct order and memory spamtimber of taskamesemembered in
the correct order. Logan found no trade off betwsterage and task switching, suggesting
that storage processes were separate from taskiparice processes. Switching involved
processes outside of WM and the results were taksupport theories positing multiple
executive processes. Other work, looking at switghgerformance in individuals with high
and low WM span (Kane, Conway, Hambrick & EngleQ2phas found that while a high
span is linked to faster, more accurate switchanigw span is not linked toigher switch
costs. Vandierendonck (2012) suggests a modelioimgacomponents of declarative
(examples of current problems) and executive (s&sland rules) WM would account for
both sides of this debate. Differences are relaiele time available to rehearse - limited
time results in detriment for recall (e.g. LiefoegltBarrouillet, Vandierendonck & Camos,
2008) and ample time means that recall does naraepn difficulty (e.g. Logan, 2004).
Thus WM is potentially implicated in switching evetien the results from studies suggest
there is no link. However, the onus is still onldeative WM (which equates to the
phonological loop/ visuospatial sketchpad) to nremserial information about task order.
While this model might seem readily applicableite Continuous Series Il, with seemingly
ample rehearsal time, it should be rememberedhieaContinuous Series Il elicits no
additional activation in areas linked to verbal WGUrd et al., 2002). In this respect the role

of WM in Continuous Series Il is still unclear andrrants further investigation.
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Previously in this thesis it has been noted thairdental effects for switch cost of
articulatory suppression in the absence of enviemtal cues emphasises the role of
verbalisation in task switching. In an uncued shuitg task such as the Continuous Series I,
presumably heavily reliant on inner-speech asfacs@lg device, it would be of import to
determine the relationship between memory sparsatdh cost. As such all experiments
contained in this thesis assess the correlatiomdset digit span measures and switch cost,
partialling out any effects found. It must be assdrthat involvement of the phonological
loop (or its equivalent as presented by Vandieranklp2012) to the degree suggested by
Saeki & Sato (2004) (and thus reliance, in the edquaradigm, on WM) would consistently
present as reduced switch costs for those indilsduéih greater memory span, in line with
Kane etal. (2007). However, memory span has nat fmend to account consistently for
switch cost when accounted for on statistical asesyof the Continuous Series Il. A further
way to account for the effects of WM on switch dosan uncued paradigm would be to
introduce cues which must necessarily reduce tipginement to hold a sequence of up to
four tasks in WM. Rehearsal in the Continuous Sdties twofold, for both tasks and task
items. As such it cannot be assumed that models @&s1Vandierendonck’s could fully
account for potential costs. Although verbal Whhat thought to be overly implicated in the
task (Gurd et al., 2002) that is not to say thheoaspects of WM might not be. Experiment
6 in Chapter 8 addresses this directly, introducioigtinuously present cues of either low or
high semantic content (used previously by LoganBunadesen, 2004). WM load for task
order is reduced, thus freeing up capacity for itehearsal, presumably resulting in lower

costs, fewer between category (task) errors andmategory (item) errors.

Working memory is thus still a pertinent questierregards the Continuous Series I,
but what of its role in reconfiguration accountsWM is implicit in the Continuous Series Il
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is this evidence for reconfiguration or inhibitibased accounts? Both inevitably lay claim to
the involvement of WM. Working memory must be inxed in reconfiguration and
maintenance — for example, Vandierendonck (201@yessts an executive aspect of WM
which deals with task set and rules. It has beggested by others (e.g. Rubinstein et al.,
2001) that only one task set can be present in \Wls(imably addressed for
Vandierendonck by the declarative aspect) — swtghinerefore necessitates executively
mediated LTM retrieval of further task sets. Workimemory therefore interacts with
executive reconfiguration processes. Further edd@omes from Baddeley, Chincotta &
Adlam (2001) who used articulatory suppressiomterfere with switching processes, using
a suppressive task akin to 2-category switchirthenContinuous Series Il. Greater
interference occurred for switching rather thareegonditions — the secondary tasks
involved executive control processes and so these not available for reconfiguration. It
should be noted however that Rogers & Monsell (J#9&mselves highlighted that WM
processes are separate to switching. This wasatkie bf their criticism of Jersild’s (1927)
assessment of switching in blocks as there waspmachte WM load between switching and
repeat blocks. Further, there is also evidenceWhdtis not involved in the maintenance of
task sets. Some studies have proposed that itiveesc LTM rather than WM that holds
things like response representations (e.g. Rubviefran, 2005; Meiran & Kessler, 2008). It
has also been proposed that when the alternatngy(AABBAA...) paradigm is executed
with a long RSI (response-to-stimulus intervalyés the potential for the task set to be lost
from WM, necessitating further retrieval from LTMdndierendonck, Liefooghe &
Verbruggen, 2010). Such re-retrieval acts likeiegtal of anewtask set and so can add to
costs in a way that might appear asymmetric. Wgrkiemory would seem to be an implicit

co-process in a reconfiguration account by virtileaw many task sets can be maintained
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(or lost), although some would say this can be kuped by active LTNE, which may be

less limited in capacity.

As far as inhibition and priming accounts are coned (Allport, Styles & Hsieh,
1994; Allport & Wylie, 2000), priming occurs thromgssociations between stimuli and
responses and also by repetition of instructioasitidicate the upcoming task (e.g.
Arrington & Logan, 2004b; Schneider & Logan, 2005%. such this would involve the
phonological loop for rehearsal of instructionssK aet inertia involves the passive transient
decay of the previous task set (or stimulus respse$) in WM — this is why effects are
locally confined and do not build up over time.re&sing the interval between stimuli
decreaseshe inertial effect (Witt & Stevens, 2012), therakflecting memory decay.
Although earlier studies using the Jersild (192¥iych/ repeat list approach (specifically
Allport, Styles & Hsieh, 1994), potentially includiéghe WM confound noted by Rogers &
Monsell (1995), later studies that looked at prigngifects (Waszak, Hommel & Allport,
2003) modified the design to address these isJies the involvement of WM in inhibition
and priming accounts is confined to the passivaylef items it contains. Whereas during
reconfiguration items are actively moved to (arfteggsed in) WM stores, inhibition
accounts make no claims about active movemengwfst being more passive and stimulus
led. The reality is that WM acts as a supportivecpss to reconfiguration, allowing for
rehearsal of task order (Monsell, 2005) and maartea of the current task set, with decay of
that set contributing to passive carryover effe&tspreviously noted, many accounts of task
switching allow for both processes to act in confeg. Meiran, 1996; Yeung & Monsell,

2003) and WM would seem one setting in which timégract.

¥ Representations activated for relevant assoctagddsets within LTM as oppose to a peripheralipomf
WM (Cowan, 1988).
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Given that the Continuous Series Il does not sadditional activation of areas
associated with verbal working memory (Gurd et2002), it is possible that the load on
WM is not greater than that accrued in any othgk savitching paradigm, given what we
know about verbalisation for the upcoming task (@&&g, 2000; Monsell, 2005), even when
explicit cues are used. However, as the Contin&auis Il gives a measure of general
(whole task) switch cost it inevitably capturesaage of contributory processes. It would
therefore be pertinent to ascertain exactly howhrafdhis cost is memory based.
Additionally, there is the contribution of recaljiinstructional cues from LTM. It has been
noted that increasing the number of items to bentasied does not always increase switch
cost (Liefooghe et al., 2008) so holding up to fdems in WM may not inflate cost.
Conversely though, the same study shows that tas&hsng itself does impair the
maintenancef items. Other work (Liefooghe, Barrouillet, Vaedkendonck & Camos, 2008)
confirms that the act of switching introduces at¢03VM functioning. Thus there may be a
circuitous increase in cost as the act of switchwigimpair the maintenance of the four
items, which obviously is more difficult than maaiting the usual two tasks associated with
most traditional studies. Working memory and taikecdlty have been shown to doubly
dissociate functionally (Barch et al., 1997) so Widuld be an additive contributor to cost in
these circumstances. Attempting to alleviate WMll¢@nd LTM instructional retrieval)
would therefore further refine general cost in @mntinuous Series Il and would give an

important indication of just how much of this casswitch related.

11.3 Calculation of switch cost during continuougnbal task switching

As well as the unusual pattern of non-visuo-spgt#ietal activity and the greater

reliance on (although undetermined contributionVdf\, there are other features relating to
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the structure and administration of the Continuseses Il that make it unusual in the
literature and are worthy of comment. One of thedbe calculation of general (whole-task)
cost, rather than local per-switch cost. Unlike tadghe work mentioned thus far,
performance in the verbal switching task is meabaontinuously rather than on a trial by
trial basis, lending itself to calculation ofjaneralswitch cost for completing all component
tasks together. Switch cost is calculated ovemthele time course of the task rather than for
individual switches or repeats within the wholektass was also the case for Jersild (1927),
Allport, Styles & Hseieh (1994) and Rubinstein, Mew Evans (2001). In the Continuous
Series Il speech rate in the switching conditiocaspared to non-switching speech rate for
the same categories. For example, if switchingtgvben ‘numbers’ and ‘days’ then the non-
switching speech rate for each of those categaiadded together and divided by two (the
number of categories being switched between).dtiieen noted that the emphasis on
measuring switch cost only over local task traosgidisregards the inevitable influence of
“... the global representational structures in Whidividual tasks are embedded”
(Kleinsorge, Heuer & Schmidtke (2004), p.32). Mixicosts (identified by Fagot (1994) as
the time disadvantage for repetitions occurring switch block instead of a single task
block) additionally implicate the influence of tagkoximity as well as task transition on

costs (although see Monsell (2003) for a critique).

During the calculation of general costs, it hasbeeind that there is evidence for
distinct phases of executive volition in instigatitasks and inhibition requirements to
overcome previous tasks (Rubinstein et al., 200Barly general switch cost is a suitable
tool to assess contributory processes in task Bingo(see also Goffaux, Phillips, Sinai &
Pushkar, 2006). Asymmetries have also been fougédmneral as well as specific costs
(Ellefson, Shapiro & Chater, 2006). This type o$tcis an indicator of executive function and
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reflects the need to maintain and select betweskngets (Kray & Linedenberger, 2000;
Kray, Li & Lindenberger, 2002; Reimers & Maylor,@). As such it may be particularly
sensitive to measuring proactive control as propas¢he dual mechanism model of
cognitive control proposed by Braver, Gray & Burgé2007), comprising of sustained
proactive control and transient reactive contra@né&ral costs reflect the selection processes
that prepare the cognitive system for the upcomsimigch (Kray, Li & Lindenberger, 2002).
As such they must reflect preparation and havenpiaddo shed light on reconfiguration
processes. Although general (per block) and spe@ér trial) switch costs are dissociable
(Kray & Lindenberger, 2000) they do still fall unde auspices of the same proposed
control mechanisms. Blocked designs generatingrgeaitch cost have been used to
present more widely applicable theories of task@wtost, perhaps most prominently by

Allport, Styles & Hsieh (1994) in proposing theigThypothesis.

One of very few studies looking at continuous shiitg performance is offered by
Verhaegen and Hoyer (2007), allowing investigabbwhat they term ‘focus switching
cost’. This is defined as the contribution of sWwitg between task sets held in the focused
and unfocused portions of Cowan’s hierarchical rhoflerorking memory (see Cowan,
2001). The focused zone of WM in this model accomaes the momentary focus of
attention and holds approximately four items. Th#oaused zone draws on LTM but is
limited in practical terms by the effects of inenénce and decay. According to Verhaegen
and Hoyer operations on the current task set osthim focused WM and so do not require
retrieval. The non-current task set has to beenatd from unfocused WM — what they term
‘focus switching cost’ reflects this unfocused ietal. They cite tasks of serial attention,
such as the Continuous Series Il in which partitipanust keep track of several items, as
being well suited to accounting for such retrievasts.
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However, it should be noted that, while the conttidn of costs related to whole task
representation and execution are central to theuwork, they are not necessarily
attributed wholly to working memory (such questians considered in more detail in the
section ‘memory load during verbal switching’ orgpa82). The fundamental issue here is
that trial by trial analysis of task switching lgileaned much information about trial by trial
switching processeshat is to say processes which are implicatexismgle transition from
one task response to another. There has beensenitje.g. Monsell, 2003) of Jersild’'s
(1927) original subtractive list comparison appto&momparing performance on a single task
list to an alternating task list) on the basis thabscures the distinction between mixing and
switching costs, that is the costs of performing tasks in proximity to each other and of
switching between them. Nevertheless, deconstitéisk switching to a trial by trial basis
inevitably loses the contribution of this ‘globajresentation’ of tasks over time. The effects
of previous task switches, of the awareness ofespent task switches and the need to
maintain task sets as available all contributédit® global representation and may not be

captured in a single trial transition.

While some studies have examined the effect obtbader switching environment
on the ability to switch (for example ArbuthnotO(@B) looking at the effect of task location
and type on backward inhibition), very few offeralternative to discrete trial based
measures of switch cost. Both Altmann & Trafton2pand Kleinsorge & Kajewski (2008)
have warned against the limitations imposed by suchpproach. As a caveat Gurd &
Oliveira (1996) conceded that, when calculatingtiocmous holistic whole-task costs, the
contribution of switching to time costs may be idifit to fully discriminate from other
sources of interference, such as ‘proactive inioibit(Allport, 1992). However, the role of
inhibition in task switching has been found nob&oso widespread throughout the task and is
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focussed at the level of stimulus attribute angoese processing in a recent review of the

role of inhibition in task switching (Koch et a2010).

11.4 Switching between four tasks: The contributiofglobal task difficulty

to switch cost

As well as the way switch cost is calculated, aeotmusual feature of the
Continuous Series Il is that it facilitates switatpibetween up to four tasks. True ‘multi-
tasking’, switching betweemultipletasks, is not common experimentally. Notable acéas
exception are studies of backward inhibition ugmge tasks (e.g. Mayr & Keele, 2000:
Arbuthnott & Frank, 2000; Arbuthnott, 2008) andsbdhat use a factorial combination of
two response choices and two S-R mappings (e.goAlIStyles & Hsieh, 1994 (Experiment
1); Rogers & Monsell, 1995 (Experiment 6); Kleingey 2004; Kleinsorge, Heuer &
Schmidtke, 2004). The rarity of multiple task swittg in the literature was noted by
Buchler, Hoyer and Cerella (2008), who used umto equivalent arithmetical tasks
(addition, subtraction, magnitude — smallest, miagie — largest). However, as the tasks had
no fixed order the appropriate task was indicatethke colour of the stimuli. This arbitrary
mapping introduced another level of processing [(s&m@n & Schneider, 2006b) not required
in the Continuous Series Il. Buchler and colleagi@scluded that only the current task was
held in active awareness and the others were goaaiessible, regardless of number, but
that response latencies were weakened as the nuintaesks increased, perhaps due to a
‘dilution’ of overall resources. A degree of gerlarast for the Continuous Series Il may
therefore be associated with maintenance of maltgdks as oppose to switching between
multiple tasks; calculation of per-task as oppasgeneral costs may be illustrative in this

regard. Assessing tasks with no content, thatigrary load free tasks (repeating the same
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word) that act as a ‘place holder’ instead of nmmplex overlearned sequences, would also
help determine the contribution of maintaining ftasks per se. Experiment 5 in Chapter 7
addressees this issue, using a constant rangerafafgks at every switching level instead of
increasing up from two tasks. The ratio of ‘placéder’ (repeating colour names) and
overlearned sequence tasks is changed at eaclnsgitevel, increasing the more complex
content of the tasks but keeping them at a contant Thus the contribution of keeping

four tasks active can be assessed separately feintaming the task content for the

overlearned sequences.

11.5 The use of verbal responses

Although not as unusual as the inclusion of fosk$aor calculation of general costs,
the Continuous Series Il does deviate from the neitiin the literature somewhat by using
verbal responses. Other studies have used vat@abmses (e.g. Arbuthnott & Frank, 2000;)
but most studies use button presses in resporstgrolus decisions. Monsell (2005) says
language supports ongoing control of task switcland reconfiguration of task set by means
of verbal self-instruction (this is particularlyted in older adults, who rely on the facility
more in lieu of deficits in executive functioninggeKray, Eber & Lindenberger, 2004).
Monsell (2005) also notes that participants somegimutter task rules to themselves — this
has been noted extensively for the Continuous Sdri&ssig, 2004a), specifically stating
the goal “The next one is days...”, the previospomse across tasks “Days then months...”,
the previous response within a taskdnday,Tuesday...” or seemingly unrelated ‘filler’
utterances “What comes next?”. Concurrent articuiat generally found to increase switch
costs when it is at odds with this internal verdetion (e.g. Baddeley, Chicotta & Adlam,

2001; Emerson & Miyake, 2003). Goschke (2000) fourelevantconcurrent word
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production eliminated the practice advantage htiag the task name did not. The role of
speectper sein task switching is evident — switch costs hagerbshown to be higher for
patients with left hemisphere damage comparedytd e&nd particularly so for those with
language disordets(Mecklinger, von Cramon, Springer & Matthes-vora®on, 1999),
further suggesting that reconfiguration is reliantlanguage functioning. The question is
whether the verbal responses in the Continuoug$Hrare relevant or irrelevant to the
inevitable internal verbalisation. It is possildtatithe use of a verbal response disrupts the
use of inner speech as a supportive device, remga@ng beneficial effects of internal
verbalisation (Holland & Low, 2010). If internallrearsal is for task order (as would seem
most likely from Monsell, 2005) then a verbal resg®e of a task item might be supposed to
interfere with that. For example, responding witha word ‘Tuesday’ might interfere with
rehearsal of task order ‘numbers, days, months. . wéi@r, as evidenced above sometimes
rehearsal is for the category item in which caseaesal would be supported. The additional
analysis for Experiment 2 in Chapter 4 addressesstue of whether the type of
verbalisation produced has any differential effacthe subsequent responses made. By
categorising both non-target utterances of the &feady reviewed above and subsequent
responses it is possible to determine whether relkaegardless of its nature, has a

beneficial effect for completion of the task.

11.6 Classification of errors in the Continuous Ses Il

One final area of difference within the verbal ehihg paradigm is the way that

errors are classified. This leads directly on fritv@ relevance of verbal responses, as it is just

3 Interestingly previous work using the Continuoesi&s Il (Essig, Gurd & Kischka, 2005) indicated no
correlation between normal speech rate and swishin a sample of healthy controls. None of theegixnents
presented in the current work show significant elations between normal speech rate and switchat@sty
level.
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these responses that allow different types of siimbe identified. Rogers and Monsell
(1995) determined that errors were more commomgswitching trials, decreased with
practice for some tasks (e.g. digit but not ledkecisions, their Experiment 1) and could be
almost extinguished with sufficient preparationgifdi200 msec, their Experiment 3). Errors
were seen to contribute to time switch costs thinquaost-error slowing and to justify the
requirement for an exogenous controller throughctiramission of ‘capture errors’ (as
stimuli evoke concomitant task execution). Capairrers are analogous in healthy controls
to perseverative errors in frontal patients (ofkeen in the Wisconsin Card Sorting Test,
Grant & Berg, 1948) attributed to “absentmindedtyfprm[ing] an action habitually
associated with the context instead of the actitended” (Rogers & Monsell, 1995, p. 209).
Such errors during switching can be permanentropteary, signifying a loss of endogenous
control and an evocation of task set by the stimtiisk sets beconexogenouslgontrolled.
Task set is automatically assumed by a processraéntion scheduling. Errors in the
Continuous Series Il constitute more than captma®— perseverative errérsould be
classed as such but within-category sequencingsgrunere items are produced from the
correct category on each iteration but in the wrordgr, do not lend themselves to this

interpretation.

In the original Continuous Series study (Gurd, )99%ors were classified as WM
errors (sequencing errors), contention scheduliray® (repetitions or perseverations) or
schema errors (‘wild card’ items from unrelatedegatries). Clearly there is agreement at
least partially with Rogers & Monsell's (1995) pevsrative capture errors. However, the

only other verbal response study to differentiaeveen different error types is that of

% perseveration in the Continuous Series Il canowithin a single category, repeating the samearse over
several iterations (‘Tuesday, Tuesday, Tuesdayéats of ‘Tuesday, Wednesday, Thursday’) or across
categories, repeating items from the same cateagetgad of switching to the subsequent ones (‘Tagsd
Wednesday, Thursday’ instead of ‘Tuesday, Apri), L’
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Arbuthnott & Frank (2000). They defined errors @ker wrong taskerrors (selecting the
wrong task to carry out) alecisionerrors (selecting the wrong response within theect
task). Arbuthnott proposed decision errors to mtflask-specific processes and task errors
relate to executive control. Earlier, Gurd (199&) melated sequencing errors to working
memory and repetitions (perseverations) to exeewtontrol though had not made the
distinction of whether these occurred within ompen tasks. Errors as reported by Rogers
and Monsell (1995) did not allow for such a distioc as they were ambiguous due to the
manual response mode. Commonly, other studiestreplbyrtask errors for this reason (e.g.
Woodward et al., 2003; Meiran & Daichman, 2005)0Es occurred too infrequently for
analysis in the original TSI study (Allport, Styl&@sHsieh, 1994). Allport and Wylie (2000)
and Wylie and Allport (2000) report the same gehenar count but comment on it only in

respect of its elevation during Stroop switching.

It would seem plausible to use this distinctiomwdng task (executive) and decision
(working memory) to define errors in the Continu@sesies Il. Errors can either occur
between categories/ tasks (choosing the wrongaashnitting a task) or within tasks
(choosing the correct task but making a sequerairay). However, this is limiting in the
scope of errors that can be made. In the ContinBeugs 11, perseveration can occur both
between tasks (e.g. ‘MondalplesdayA’ instead of ‘Monday, January, A’) and withirstes
(e.g. ‘Monday, January, Aonday February, B’). Within category errors are clearbt
limited to failure of WM. The type of error is rekent to defining the theoretical description
of the task. It is not necessarily the case thatremlre caused solely by forgetting or that they
reflect WM or other memory faculties — they may hetderived from tasks that extensively
rely on WM (Gurd et al., 2003). Instead this thesgi$ use a novel approach to defining error
source, relating to Daniel Kahneman'’s two-systepragch to judgement and choice
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(Kahneman, 2011). System 1 results in fast, autiophgtbconscious thinking, System 2
results in slow, effortful, conscious thinking. Keman defines System 1 as adept in
detecting simple differences automatically (e.g.¢hanging state of a single attribute such
as the overlearned sequence days of the weekerBysts more deliberate and is able to
follow rules — a crucial function of this systenth& adoption of task sets. Effortful
deliberate switching is the domain of System 2 ammatic minimal effort updating is the
domain of System 1. The fundamental differencaiteraatic reaction and intentional
control. The first is naturally faster than the@®t so additionally this would predict that
updating within a task (Monday, Tuesday...) contrdsuess to general costs than switching

between tasks (numbers, days...).

Adopting Kahneman’s dual-system definition for démn making in defining
Continuous Series |l errors avoids the need toweictm WM as a basis for error production.
Such a definition limits the usefulness of errotada defining models of processing. While
WM does undoubtedly have links to attentive anccatiee processes it does not need to be
the sole descriptor of faulty response productidn.say that errors are just a case of
forgetting is to ignore the nuances of informatibey can give about the way a task is
completed. Within-category errors are indicativadailure to correctly execute an
automatic process — between-category errors are gystematic and are indicative of a
failure to disengage or activate a task set. Itccoficourse be argued that tigsn fact a
failure of memory in keeping track of the correatk order — Experiment 6 addresses this
issue by introducing task cues to remove this mgmeguirement. If between-category
errors are in fact nothing more than a case ofefitirgg (and it is the contention of this thesis
that this is not the case) then cues will signiitbareduce, if not eradicate, such errors.
Interestingly none of the experiments containedhiwithis work show a correlation between
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within and between category errors, further sugggdhat the two have a different basis — if
an individual were forgetful of item order it woube highly likely that they would be

forgetful of task order as well. Being forgetfulnst selective.

12 Theoretical accounts of task switching and therlval switching

paradigm

Evidently a number of features set the ContinuargeS Il somewhat apart
methodologically from more traditional measuresask switching. But do these features
extend to separating the Continuous Series |l fileeoretical accounts of task switching —
for example, can the verbal paradigm be explaingdrims of passive carryover or active
reconfiguration? Certainly drawing conclusions lesw alternating tasks, alternating runs
and explicit cued/ uncued designs should be dontotssly if at all. The autonomous
continuous nature of the verbal task and the caficul of general rather than local switch
cost for the Continuous Series Il do perhaps lthetinterpretations that can be made based
on previous research. Aspects of switching suaesidual switch cost (the persistent cost
left after ample practice) and manipulations of REsponse to stimulus interval) are not
immediately accessible using the verbal paradigmsalised interference accounts based on
asymmetry (Allport, Styles & Hsieh, 1994) requifeemating tasks to be of disparate
difficulty. Exogenously triggered completion acctai(Rogers & Monsell, 1995) relying on
the calculation of residual cost from alternatieguire presentation of external stimuli and
manipulation of the gap between response and pegs®Enof the next stimulus. Neither
account offers a direct ‘off the peg’ explanation the accumulation of switch cost in

Continuous Series Il.
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12.1 Verbal switching and the task-set inertia (T Blypothesis

Stroop-style tasks (Allport, Styles & Hsieh, 19%podward et al., 2003; Gilbert &
Shallice, 2002) require a switch between cogniéind perceptual domains (word reading and
colour identification). Finding asymmetry when sshiing between such conditions may
therefore be an inflated representation, reflediimeggneed to change domains rather than
beingtaskswitch related. Much has already been said abeupdtential for the asymmetry
in Stroop-style switching as an artefact of thé igself. The Continuous Series Il is entirely
cognitive, offering multiple tasks within a singlegnitive domain. Gurd et al. (2003) were
particularly critical of tasks which cross this Inoiary; Jersild (1927) said tasks encompassed
by a single task set (such as language) were nfiiceeet. However, in its current form the
verbal task does not allow for assessment of asyrgrdae to the comparability of task
difficulty between overlearned sequences (as pectmponent tasks used by Rogers &

Monsell, 1995) and so the applicability of locatidaterference is difficult to assé&s

However, this issue is addressed in Experiment@p&r 5) which introduces a
design entirely within the cognitive domain thasltmmponent tasks of differing difficulty.
The Mixed Category Il task involves switching aftately between producing items from
semantic categories (e.g. fruit, vehicles) andleaened sequences (e.g. months, days). The
task is introduced in an earlier form in Experinsehtand 2 but it is in Experiment 3 that it is
extended to switching between four categoriesgtime as the Continuous Series 1) and that
asymmetry is assessed. During a practice sessiohébal. (2002) found semantic category

production to be more error prone than overleassegience production, thus suggesting it is

% Previous work (Essig, 2004, see page 145) comhblme@ontinuous Series Il and semantic category
switching into a task that alternated between @agned sequences and semantic categories — wdkkeitathis
instance were of varying levels of difficulty, asyratry between constituent tasks was not assessatital
cost was calculated globally for the whole task.
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more difficult. Additionally when producing itemsoin semantic categories, search and
retrieval are more effortful and there is the regpnent to inhibit past responses (Kellett,
Stevenson & Gernsbacher, 2011). This task alloestdvel situation of assessing
asymmetry in the absence of bivalency (cueing of passible tasks by one stimulus).
Bivalency slows all trials within a block, everoiily someof the stimuli are bivalent and the
rest are univalent (cueing one task) (e.g. MeiespWivard, Ray-Mermet & Graf, 2009).
Avoiding bivalent stimuli avoids this additionalwsce of slowing, which is of particular
importance when calculating whole-task cost overtime-course of the task as for the
Continuous Series Il. There would be a problentraditional explanations of asymmetry
(e.g. Allport, Styles & Hsieh, 1994) as univaletitaili do not afford the need to inhibit
competing responses, suggesting an absence oitiohifi_ien, Ruthruff & Kuhns, 2006).
However, there are computational models of taskctwvig that give an explanation of
asymmetry in relation to relative differences isktactivation rather than inhibition of the
easy task (Yeung & Monsell, 2003) — these depena thmeshold of activation being reached
between the two tasks (see page 29). As suchegittmate to look for non-bivalent

asymmetry, based solely on the relative differesfadifficulty level between the tasks.

The Continuous Series Il places minimal demandsesponse selection as the task
and responses made to it are, in the words of Bdtleir?’ (2002) “hyper-compatible”,
yet switch costs don’t seem to be extinguishal#agsry and perceptual processing
requirements are also removed). Further to theseittensive predictability of switches in the

verbal task does not extinguish switch cost (algoit really equates to maximal preparation

3" Hunt and Klein purportedly extinguished residuaitsh cost by using saccade rather than manuabress,
terming their response method “hyper-compatiblghwiie stimuli. The task was cued for the saccadadve
towards or away from the stimulus. They believesidal cost to be an artefact of response selecdither
than switch related, hence their resilience to adtgpractice time. Regardless of the plausibilftthis view
the notion of hyper-compatible (and indeed incorifyhe responses and stimuli is a useful one.
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time), although it may extinguish that part of iiah leads to the switch cost reduction in
predictable alternating runs tasks. Despite remgientirely predictable the increasing
number of switches does result in increasing swetidt. There must therefore be an

additional source of switch cost in verbal tasktsing which is not thus far accounted for.

12.2 Verbal task switching and the task-set recgufiation (TSR) hypothesis

The TSR hypothesis states that switch cost refiatgstional control and is reliant on
top-down processing. There was a practice-resigianion of switch cost (the residual cost)
that could not be extinguished despite extendiedRBI (response to stimulus interval) to
upwards of one second. Residual cost is confineéledirst trial of a run (AABB...) and is
attributed to an exogenously controlled part obrdguration. The arrival of the stimulus
triggers completion of the process and it cannatete until this occurs. Whether residual
costs are represented in the Continuous SeriesiBbatable — typically the first trial of a run
is faster with switch cost building up over thesfifew iterations and reaching a plateau for
the rest of the tadk (Essig, 2004b). Arrival of the stimulus is mootrasexternally presented
stimuli are presented during the verbal task. Gnédcargue that the retrieval of the next task
in the sequence from memory constitutes arrivahefstimulus although of course this
would be subject to individual differences and sid be more approximate than in the
alternating runs paradigm. Nevertheless, there avbala period between making a response
(e.g. Tuesday) and retrieving the next task (eanths) that could constitute an equivalent,
albeit non-controllable, to RSI. This would givéoaalised practice period — both alternating
runs and the Continuous Series Il are fully predilt so both offer the long term benefits of

this.

3 Unpublished data relating to the sample for Experit 1 (healthy controls and neurological patiewsss
plotted to show cumulative switch cost at 10 sedatetvals over the time course of the task.

114



It can therefore be assumed that general coshéo€bntinuous Series Il has the
potential to reflect at least in part practice stmt cost. This may reflect retrieval processes
relating to the upcoming task in a similar way t@aitmg for the arrival of the upcoming
stimulus in the alternating runs paradigm. Mayr Bell (2003) suggest that the preparation
period always represents this memory retrievalnenehe presence of externally represented
stimuli (Altmann & Gray (2008) also define prepavatas the retrieval of task codes within
WM). Clearly there is practice resistant cost i@ @ontinuous Series Il but not, it would
seem, confined to the first trial of a run. LacKafalised measures of cost and the
continuous nature of the task cloud this issuis. plausible that there is ‘stimulus’ cued
completion of reconfiguration, as suggested by RogeMonsell (1995). Switching
performance is known to improve with adequate megpen time but an unknown factor in
this uncontrolled scenario is whether the prepandiime is adequate. As the task is self-
paced one would assume that individuals take tihatage of the preparation period but
this is an unknown quantity — general cost coufeceinadequate preparation as well as
residual-type cost and this could certainly varjnaen individuals. The way switch cost
builds up over the time course of the verbal tasleminiscent of the associative interference
account of Wylie & Allport (2000) although that odurse relied on bivalent Stroop stimuli
which offered a degree of interference not seghenContinuous Series Il. While there might
be a degree of perseveration, a ‘day’ responsewcgrafford days — there would not be the

same overlap of S-R mappings.

So what might be the explanation for increasing owsr the time course of the task
and the absence of first trial confinement? Atlibginning of the Continuous Series Il there
IS no requirement to temper responses against thasbave gone before — this would result
in faster response times as no switching occurthimithe component tasks (there is no or
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little updating at the beginning). This could epsilask a first trial effect between tasks and
contribute to the increasing and levelling of tle@eral switch cost. Therefore an explanation
based on reconfiguration could apply to the ComtusuSeries Il, although extrapolation of
residual cost would seem problematic. It is possibat each iteration of the task (each
occurrence of, for example, the three categoryofurumbers, days and months) could give
an occurrence of something similar to the firgtltaf a run in the alternating runs paradigm,
although embedded within the continuous cycle efdberall task. If switching is

represented as a continuous repeat of a threeorgtem then it is possible that residual
costs could be extracted by calculating local @egory (rather than per switch) costs, thus

giving a measure of first trial costs within tharfrework of general switch costs.

12.3 Verbal task switching and the failure to enga-TE) hypothesis

A further point that is worth returning to, relateedthe use of localised preparation
time between the commission of a response ancethieval of the subsequent task, is
whether this preparation time is taken advanta@dtdfas already been considered that
preparation time might not always be adequate (latiin and between individuals) but
there is also the possibility that the time is ageq but not used. This reflects the failure to
engage hypothesis of De Jong (2000) (see page #isafocument). It is entirely feasible
that, if we accept retrieval of the upcoming taskkin to arrival of a stimulus (at least in
terms of triggering access to the relevant tasktben the interval from the preceding
response constitutes localised preparation timéh®next task. It is proposed (De Jong,
2000) that there needs to be an additional andfgpedention to use this preparation time to
actively change task set. De Jong suggests tlsatatiure to do this that results in residual

switch cost. In his model there is a cue-actiomipgi(with the action being making use of
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the preparation time) that retrieves the intentwith the suggestion being that sometimes
these pairings are not made. A further reason diwethe failure to engage is that activation
level of the cue-action pairing is too low forat éffectively act as a trigger for advance
preparation. This could relate to low subjectivilitytof the benefits or limited WM capacity

for maintaining the intention.

Evidently there is no cue in the Continuous Sdfies make such a pairing. In De
Jong’s model the cue triggers the knowledge of winarepare for during the interim period.
Indeed, Nieuwenhuis & Monsell (2002) have propabed it is the explicitness of these cues
that accounts for the finding that residual cost loa entirely extinguished when engagement
is actioned. It is however still possible that thex a lack of appreciation of benefits of
advance preparation, something De Jong highlightstansic to the effect. It is possible that
the gap between response and retrieval of thetasktis not fully used to prepare for that
switch, resulting in further delay in producing ttwrect task item. Again there is not the
control over the duration of the preparation titmat twould allow us to definitively whether it
is being utilised or not, but the possibility remathat it is not being fully accessed in all
instances. Once again this would vary between iddals, particularly as it is likely that the
duration of the preparation time varies in such a way. H@vethis may actually benefit
performance. As preparation times are likely toywaithin participants, according to
Altmann (2004) individuals will take advantage ofhger preparation periods. When no
variation in preparation times is given Altmannrduhat there was a persistent failure to
engage. Variations could occur for a number ofarsasincluding proficiency at each
individual task. Although all sequences are overled and therefore produced
automatically, examination of individual baseliges for the separate categories in all
experiments reveals variation in aptitude at protyicategory items. While a degree of this
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will be relate to item length (e.g. months as opolo® letters) the variation appears not to be
systematic with individuals being more proficientane or other category. It would seem
that, although lacking the pairing with an ass@&datue, there remains a possibility that the
preparation period within the task may not alwagsiblised again both within and between
individuals. A failure to engage would be more idifft to extrapolate from the data, given
the self-paced nature of the task and the embeuiakede of the preparation period, but it

should be considered as a possible contributoeme@l cost for the task.

12.4 Verbal task switching and dual mechanisms aacts of switch cost

As previously noted, it is evident that no one aettmf task switch cost can readily
fit the behavioural measures seen in the ContinGaus Il. It may perhaps be the case that
a dual mechanism approach may be more suited taisiyy cost and error measures in the
verbal task. As already noted, Kahneman'’s (2014) gystem of attention has already been
employed to account for the different types of em@duced during the task. Recently this
approach has also been adopted to inform theor&ogt costs seen using the Continuous
Series Il task (Gurd & Cowell, 2013). This systeands itself to automatic processing of
overlearned word sequences (Kahneman’s Systendlgféortful switching between
categories (System 2). More generally such duaesysccounts allow for both passive and
active processes to work in concert, negating #eslrior an all-or-nothing approach to task
switch cost. This allows a fractionated approactas maintenance and task reconfiguration
— as seen earlier (sectitveural activation during task switchingn page 75) these features
of task switching are known to be functionally gist. Some models do not fit the
Continuous Series Il so well, such as Goschke’8@28uggestion of a modular ‘control

panel’ for switching. Implicit to this are stimulesoked bivalent error responses, taken as
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evidence of passive carryover of previous taslasetation. Evidently the lack of stimuyser
seand the lack of bivalency in the Continuous Sellieguld make this interpretation

problematic.

Other dual-mechanisms accounts lend themselvegsstt partially to interpretation of
the Continuous Series Il. The account proposedrayd3, Reynolds and Donaldson (2003,
page 64 of this thesis) combines sustained, praactntrol that oversees fast switching over
time with transient, reactive control that relai@seconfiguration and S-R mappings with
cues. Both types of control have been shown tabetionally distinct, with a third separate
process related to maintenance and representdttasloset also identified. Thus there are
two distinct types of switching control, neitherwaliich has to devote any processing to the
holding of tasks and task sets in WM. The Bravedgiuses both block comparisons (as does
the Continuous Series II) allowing for calculatimingeneral switch cost and single trial
comparisons within blocks giving rise to local &3$tlt is noted that general (block
comparison) switch costs are informative of thetgbution of transient control, relating to
internalised reconfiguration or updating of godlsis would equate to between-task
switching in the Continuous Series Il and to theeneffortful System 2 in Kahneman’s
model. In the Braver model, local costs (individsaitches within a mixed task block) are
said to inform questions of sustained or proaatmetrol, relating to “...increased active
maintenance demands associated with keeping neutigk sets at a relatively high level of
activation...” (Braver, Reynolds & Donaldson, 2003 33). This does not initially appear to

carry out the same function as Kahneman’s Systeamtbmatic retrieval of overlearned

% Confusingly, but not uniquely, the paper referblick comparisons as switching cost and local @nispns
within switching blocks as mixing costs. As notadyiously, this thesis takes the definition of mixicosts to
be the additional cost oépeatinga task within a mixed block compared to singlé tapeat blocks — not the
cost ofswitchingwithin a mixed block.
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sequences. However, there is the need in the GantsmSeries Il to keep component tasks at
a high state of readiness. Whether this stateamfiness is comparable for highly overlearned
word sequences would be a matter for further deltateuld be that the spatial
representation of such sequences (Gevers, Rey&veiais 2003, 2004; Eagleman, 2009)
would result in differential representation in V{Vperhaps leading to an easier route to
readiness as there would not be as much competiibriask rehearsal (humbers, days,
months). Task readiness therefore might not needame degree of control (or it might be
implicated in a different way) as in the BraverdstuAdditionally it should be noted that
Braver and colleagues used explicit cues (e.ggelasmall’ for a size classification task),
something also under the management of sustaingctorhus involvement of sustained

control would again be at a different level for thentinuous Series |l.

While the Continuous Series Il has resonance aedewel with Rogers & Monsell’s
(1995) task-set reconfiguration (TSR) account amdesof the dual-mechanisms models, it is
apparent that thus far no model would appear t@ t@mnplete fit for the verbal switching
paradigm. This is due in part to the previousledssed methodological issues which set the
task apart within the literature. The lack of caes lack of external stimuli mean that further
work must be done before any one model can be takaocount for switching costs and
error production within the task. Some of the psgabexperiments will directly address
theoretical issues, such as Experiment 3 lookirigeapotential for task-set inertia (TSI) type
carryover of task sets. It is envisaged that theepaof switch costs and errors gained from
the set of experiments as a whole will further infalebates over the most suitable

theoretical account.

“0 Differential from the usual verbal rehearsal ndtgdsoschke (2000) and Monsell (2005) as beingititph
task representation
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13 Real world relevance of verbal task switchinijledia

multitasking

Finally some credence should be given to the realdvelevance of the Continuous
Series Il. Most task switching studies require ipgrants to make isolated judgements about
single letters or digits, shapes, or locationslpécts. Some tasks use more real world
judgments, for example Braver, Reynolds & Donald&fi03) asking whether an item is
large or small (e.g. a truck or a carrot), but ptsbut all use isolated decisions. The
Continuous Series Il is quite different in usingdaage and in asking participants to keep
track of the changing state of a task over timehis respect the task the task is more akin to
the type of switching we do in our everyday livieseping track of language-based activities.
Altmann is most vociferous about the lack of ecaabvalidity in the “tasks” (his quotation
marks, Altman & Trafton, 2004) which make up thelyof task switching literature,

expressing the need for ‘higher-level’ tasks arad tiene switch costs.

Switching between several tasks within a verbahdog domain has strong
resonance with this aim. Additionally, it lendseifsvery well to the burgeoning field of
media multitasking. In today’s world there is anrgmasing need for individuals to carry out
several language based tasks at once. In work @me lkenvironments it is not unusual to find
someone switching rapidly between sending an emvailking on a word processed
document and conducting a text conversation witsior a TV program on in the
background, as in this example from a 14 year-@dthager from Los Angeles: “I usually
finish my homework at school... but if not | pop@wen book on my lap, and while the
computer is loading, I'll do a problem or write@ngence. Then, while mail is loading, | do

more...” (Wallis, Cole, Steptoe & Dale, 2006, p.483% noted, traditional switching tasks do
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not consider error in greater depth than countingldo switching or repetitions; recognition
of, and recovery from, errors are sources of infgron which the Continuous Series I
absorbs into calculation of real-time switch c&#erwinski, Horvitz and Wilhite (2004)
report on a real time analysis of the nature df tagerruptions commonly experienced by
information workers switching between a numberarfiplex language and media based
tasks (see also Altmann & Trafton (2004; 2007)d@onsideration of the role of task
interruptions). In real-life observations peopled¢o work in several ‘spheres’ or clusters of
thematically related tasks (Gonzélez & Mark, 2004 gffect a gross externalised
manifestation of switching within and between caigeisets as specified by Gurd et al.
(2003). Further evidence from observational studfaaformation workers (Igbal & Horvitz,
2007) identifies conversational interruptions (agalus with non-target utterances during
verbal switching such as “I'm not sure where | dddae — I've lost it” (Essig, 2004 and
Experiment 2, this thesis)). These non-target attees may be interruptive rather than
supportive in the Continuous Series Il; interpiietabf results from the verbal switching
paradigm may have a high degree of relevance &werld language based multitasking

behaviour.

14 Conclusion

Reservations about the efficacy of the ContinucergeS 1l to give entirely switch-
related measures of cost within a multi-task emnment (e.g. Ragland et al., 2008) are
rightly acknowledged. However, they are deemecetadreptable given that the task offers a
stimulus-free representation-dependent measureitifreng in real time and within a single
cognitive domain. The calculation of general cdstshe task relate to executive control and

have been associated with the need to maintaiseledt between tasks sets (Kray &
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Lindenberger, 2000) as well as internalised regométion and updating of goals (Braver,
Reynolds & Donaldson, 2003). That classic TSI axmhenous-control accounts do not seem
to immediately fit the verbal task, coupled witle fhaucity of verbal-style switching in the

literature, attests to the need for a wider rarfgasks and ensuing explanations.

“Until now, the vast majority of task-switching dias deal with situations in
which participants are provided with perfectly eddie information in a just-
in-time manner. In addition, in most cases all infation needed to perform
the actual task is perceptually available when #&xecution of the task is
actually required, allowing participants to perforthe tasks in a largely
stimulus-driven mode. This may have biased thearfetask switching to
focus predominantly on stimulus-related factors atml neglect the
contribution of factors related to internal represgations.”

Kleinsorge & Gajewski (2008, p.513)

The usefulness of semantic switching in clinicadlaation is acknowledged (Birn et
al., 2010). Indeed, the ability of individuals wiD (Gurd & Oliveira, 1996) and those post-
stroke or with severe brain trauma (see Experirhie@hapter 3) to complete the Continuous
Series Il confirms that working memory load is hetyond acceptable levels, Monsell’'s
(Rogers & Monsell, 1995) assertion that un-cuedisages may excessively load working

memory seemingly notwithstanditfg The Continuous Series Il offers a novel wayssess

1 Rubinstein et al. (2001) noted very small time s@stsociated with signed (+/ -) addition and sulitta
switching and suggested “...the rules for solvingeijaddition problems— like the rules for readiagiliar
printed words—are permanently enabled in procedarag-term memory, thereby requiring the rule-aatiion
stage of executive control to take little or noraxttme for fully enabling them.” (Rubinstein et,&001, p.784).
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complex switching over time in a variety of popidas — as such it may require a novel

explanation of switch cost.

14.1 Thesis aims

The purpose of this thesis is to explore the usefd and reliability of the Continuous
Series Il and the verbal task switching paradigmenvarious conditions as a measure of
task switching behaviour and to interpret such bieha against existing models of task

switch cost, determining the most suitable theoca¢gxplanation of verbal task switching.

The need for multiple types of task within the witkessk switching paradigm is
accepted (Ravizza & Carter, 2008). It is furthetedathat “...different switching tasks
involve different processes and are, thus, likelinvolve different brain mechanisms and
relate to different processes. In particular, shitg within working memory is separable
from switching in perception” (Wager, Jonides & 8mR006, p.1742). Other than a few
instances, switching between continuous verbaktask not been well researched — Gurd
(1995) and Gurd and Oliveira (1996) administeredttsk to PD patients with relatively
modest healthy control samples of around twentyd@tial. (2002) tested eleven healthy
participants (Gurd et al. (2003) further analydezigame data) and Ragland et al. (2008)
tested individuals with schizophrenia with a cohtample of thirteen, using only part of the

Continuous Series Il task.

Theories may also be biased towards stimulus-ctfateors (Kliensorge &

Gajewski, 2008), as explicitly presented by Rogerd Monsell (1995). Sohn and Carlson
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(2000) showed a separable stimulus-based compoheast, although Verbruggen et al.
(2007) posited that such costs may be cue ratherdtimulus related. The Continuous Series
Il utilises neither external stimuli nor cues andasoids having to account for such costs.
Although the verbal task is more reliant on workmgmory representation the constituent
tasks are implicit (and considered a special adds®rbal category — see Pariyadath,
Churchill and Eagleman, 2008) and require no visuahterpretive processes which might
add to overall time costs (e.g. Grange & Houghg81,0). Whether, however, the
representational presence of the verbal categdhymiine switching process can be aligned
to the arrival of an external stimulus remainsealetermined. The cue-free nature of the
paradigm makes assumptions about the task basedkdnased theories of cost difficulty
(see Altmann, 2007) — factors such as cue proag¢sogan & Bundesen, 2003, 2004) make

for a very different model of switch cost compamiti

Only one previous study (Arbuthnott & Frank, 2008% been noted as differentiating
between errors that occur within a task and etta@soccur between tasks, by virtue of
recording verbal responses. They cite errors betiasks (‘wrong-task errors’) as denoting
switch-related failure in executive control andoesrwithin tasks (‘decision errors’) as being
specific to that particular task rather than switelated. The pattern of errors recorded for a
particular switching scenario can therefore berpreted much more accurately in terms of

their relationship to executive and task relatexddis.

The aims of this thesis are thus to explore timédi of the Continuous Series Il with a
view to aligning it to one of the existing theocatli models of task switching or adapting one

of those models to best suit the action of the.tAsklitionally artefacts of the task design
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will be explored to see if these impact on the thBocal model. With a view to this the
following things will be explored: Do the numbertagks being switched between
(Experiment 5) or the order in which the tasksmesented (Experiment 4) have an impact
on the degree to which the measure of general Iswast purely measures switching
behaviour? Does the dissociation between overldaand overlearned plus semantic
versions of the task (Experiment 1) indicate arffetBnce in processing between these
different types of verbal category? Further to,tEisperiment 1 will consider the

introduction of a task where there are categoriebsparate difficulty (addressing the TSI
hypothesis through error rates). To what degreerking memory load and rehearsal of task
order a contributor to general switch cost (Expents 5 & 6) and how does this relate to
theoretical interpretation of the task? Furtheernptetation of the theoretical model most
suited to the task will ascertained from Experinteémthere a further version of the task will
be used to determine whether non-bivalent asymnmetryevidence for tasks of disparate
difficulty. Experiment 2 will consider the introdtien of self-generated verbal cues as an aid
to subsequent item production, contrasted to ttlke dd usefulness of externally provided

written cues in Experiment 6.
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CHAPTER TWO: GENERAL METHOD

lintroduction

Much of the procedural detail for the verbal swinchtask is common to all versions.
The following chapter details participant recruitihechoice and administration of
background measures, and the basic method forah@érDious Series Il. There is also an
indication of the types of measures taken durirgtéisk and common statistical procedures
used. Any variations to the stimuli or method p&oub specific versions of the verbal

switching task are detailed in the appropriate tdrap

2 Participants

2.1 Recruitment

All participants were healthy individuals aged 1By@&ars old and were recruited
either from the University of Hertfordshire or fraime wider communifif. Recruitment at
the University of Hertfordshire was largely condecttising the School of Psychology
participant pool; students on undergraduate anghtgaostgraduate psychology are required
to take part in academic research in return forsmaredit. Non-psychology students were
also recruited via leaflets distributed at the €gdl Lane campus of the University of
Hertfordshire (see Appendix B). Participants froatside the university were recruited via

word of mouth or personal contact. All those retediifrom outside the School of Psychology

2 Recruitment of neurological patients for the alifresentation of the Continuous Series Il andedix
Category task are outlined in chapter 3.
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were entered into a draw to win a prize of £20ign of the incentive of course credit.
Informed consent was gained from all participasee(Appendices C and D for information

sheet & consent form).

2.2 Screening criteria

All participants were right hand&t{(self-reported) native English speakers with
normal or corrected to normal vision and normakimega They were further screened to
exclude any factors which could have extraneoul$gcted language production, general
processing speed or task switching performances@ meluded: history of drug or alcohol
abuse; neurological or psychiatric diagnosis; kngnoblems processing or producing
speech or language, including (but not exclusivefglexia and a stutter; history of a closed

head injury; regular use of anti-depressants, @ychotics, benzodiazepines or tranquilisers.

2.3 Demographics

Age, gender, total number of years spent in edoicaince the age of 5, current
employment classification and the highest educationprofessional qualification attained
were recorded for all participants. Age (along viaitkground measures detailed below) was
considered as a potential covariates to factonstefest, and were accounted for using a

GLM-ANCOVA procedure where indicated.

3 The prevalence of atypical language lateralisaitideft-handers has been estimated (in non-clinica
populations) at as much as 22%, around four timmaisfound in right-handers (Szaflarski et al., 20@2though
it is acknowledged that such atypical distributinay not present as atypical functionality (e.g. &rteet al.
(2001) found no significant effect of atypical latlsation on verbal fluency or linguistic procegsspeed), the
current work adheres to the convention of excludiéfighanders, due to the nature of the tasks asédsparse
availability of data to suggest otherwise.
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Little work has been carried out to specificallgtténe effects of gender on switching
abilities; despite this, the consensus within ttezdture favours gender differences as not
being significant, contrary to the popularly hekliéf that women out-perform men when
multitaskind®. At the time of writing, there is an indicatiomin a single study that women
are better able to strategically plan in a mulkitag environment (Stoet, O’Connor, Connor
& Laws, 2013). Specific switch cost for a diagrantimaearch planning task was lower for
females; specific switch cost for all other tashewged no gender difference. An earlier
large-scale study (Reimers & Maylor, 2088pund general switch cost to Eesterfor males
but no gender differences for specific switch céstomponent tasks. Such differences are
likely to be strategic rather than functional; éample, males and females show remarkably
similar neural activity during executive controtka (Haut & Barch, 2006) and appear to be
task specific. There is evidence that gender diffees, as varied as they may be, fluctuate
across the lifespan (see Reimers & Maylor, 2005wr & Lachman, 20085. Credence must
also be given to gender differences in reactio® per se females have been found to
perform slower (but more accurately) and with maagability on simple and multi-choice
RT tasks (Der & Deary, 2008) Consequently, whilst SToet et al. (2013) propas&-
specific gender differences in switching is ackrenged, the variable (and non- executive)
factors which may contribute to this difference éimel entrenched nature of the stimuli used
in the current study suggest that gender needenobbsidered as a source of variation in this

instance.

* 1t should be noted that, while there a well-essileld gender effect in verbalusterswitching (as found in
the FAS verbal fluency task e.g. Weiss et al., 200fis does not equate to either general switchlitities or
the type of verbal switching employed in the Comtins Series .

> Reimers and Maylor (2008 = 6381; Der and Deary (2008)= 7130; Tun & Lacman (2008} = 3616.
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3 Background measures

3.1 National Adult Reading Test-2 (NART-2)

The National Adult Reading Test-2 (NART-2) (Nels&Willison, 1991) offers a
reliable estimation of 1Q for the purposes of congma. It consists of 50 irregular words of
increasing difficulty e.g. ‘psalm’, ‘aeon’, ‘puen@’, which were presented to participants
printed on two sides (items 1-25 and 25-50) of dncArd. Participants are scored according
to the number of errors magthis is used to predict full scale, verbal orfpenance IQ
from the Wechsler Adult Intelligence Scale — Redi§¢&/AIS-R) (Wechsler, 1981). The
irregular nature of the words does not allow tipeonunciation to be guessed phonetically,
successful performance relying on prior knowledggeguss, Sherman & Spreen, 2006). This
method of estimating 1Q was used in previous studfe¢he Continuous Series Il on both
clinical samples and single case series (Gurd &edi, 1996; Gurd et al., 2002; Essig,
2004) and healthy populations (Gurd et al., 2002) was retained over other predictive

measures of 1Q to preserve continuity for the pegscof comparison across these studies.

3.2 Wechsler Adult Intelligence Scale — Revised (MAR) vocabulary subtest

During an earlier study using the Continuous Sdti@sssig, 2004) there was an
indication of some type of bias for younger pap#sits (<24 years) completing the NART,
manifesting as a marked unwillingness rather thability to pronounce words, particularly
those in the second half of the list. Demograpfecés on NART scores have previously
been studied (Crawford et al., 1988), highlightamgage-NART score correlation which was

dependent upon years in education and social class.

“® The task has an optional discontinuation threstidderrors in 15 correct responses) which waspptied
in this instance.
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To accommodate this, the vocabulary subtest of\MAé¢S-R was included in the
background test battery as a supplementary metstine NART. This task requires
participants to describe the meanings for a li€®fvords, presented printed on one side of
A4 card and read out concurrently by the experiererithe words are of increasing difficulty
e.g. ‘breakfast’, ‘tranquil’, ‘tangible’ and respses are scored 2, 1 or O according to
accuracy. The test is discontinued after 6 consexgtores of zero. Raw scores are then
converted to an overall subtest age-scaled scbheead@ivantage of this test is that it allows
the participant to give a usage example or synoofythe word being described; the
experimenter may also ask individuals to clarifgitlanswers. The vocabulary subtest has
the highest correlation with full scale 1Q (WechslE981) and has been indicated as a useful
measure of IQ in normal or non-language impairgoufationd’ (Vanderploeg & Schinka,

1995).

3.3 Digit Span (forward and backward)

The digit span test from the Wechsler memory atelligence scales (e.g. Wechsler
1955; 1987; 1997) measures immediate verbal redalé forward digit span primarily
relates to the attentional aspect of recall, with score of 5+ considered within normal
ranges (Miller, 1956; Lezak et al., 2004). It regsiindividuals to recite back random digit
sequences of increasing length, in this instaraa 8 to 9 digits. The digits are read out at a
rate of one per second and in a monotone, thusliagpany opportunity for the participant to
‘chunk’ digits (Miller, 1956). There are two vers® of each sequence, allowing for a second
attempt after a fail. For example, an individualirig to recite the 5-digit span correctly is

able to make a second attempt with a new set @kdfguccess at this length would allow

"It has been included in most short form versidrthe WAIS-R (see Crawford, Allan & Jack (1992) dad
indicated as a reasonable standalone estimatewfgobid IQ in clinical populations (e.g. Russelakt 2000).
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them to go on to attempt 6-digits; failure at thi@ge would mean their maximum span is

recorded as five.

The backward digit span follows the same formathwhe requirement that digits are
repeated in reverse order (1-2-3 repeated as 3-Phlg measure is more reflective of active
working memory, specifically central executive ilwament in the manipulation of the digit
sequence (Baddeley, 1986). Sequences range fror digits in length. Backward span

scores of 4+ would be considered normal in heafttlividuals'® (Lezak et al., 2004).

Digit span performance was recorded as a raw sfdomgest span correctly
repeated in each condition (forward and backwand)vaas not combined into a single score
as per the Wechsler scoring scale. This was tepreshe differential information they
provide regarding attention and recall span (fodvand active working memory (backward)
(Ramsay & Reynolds, 1995). Digit span is partidylarell suited for participant screening
and analytical purposes with the Continuous Sérjgsven that task’s requirements for

sustained attention and mental manipulation of aldrijormation.

3.4 Conversational speech rate

The Continuous Series Il uses overlearned sequassdasing representative of
automatic speech. There is clear evidence forgpecial nature’ of ordinal verbal categories;
distinct right hemisphere neural pathways (Paritfadahurchill and Eagleman, 2008),

abstract linear spatial representation (Gevers4 2B8gleman, 2009), and preservation of

8 Scores of 3 are also considered within normaltsirdependent upon educational background (Lezak,et
2004).
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ordinal sequences in cases of semantic dement@pélatti, Butterworth & Kopelman,
2001) support this. However, we cannot say foratertibo what degree these ordinal
categories are produced automatically; speechestional and therefore subject to control
in its own right (Fodor, 1983). Levelt (1983) suses at least marginal forms of control are
evident during regular fluent speech, so we mustede to the possibility that ordinal
sequence production brings an additional needdgnitive control to the verbal task

switching paradigm.

In an attempt to account for this, a measure af@abconversational speech rate was
taken before the experimental task. Participantgeasked to talk about their last holiday for
one minute, with one minute to prepare. The nuroberords produced was divided by sixty
to give a words-per-second speech rate, which wasidered for use as a potential covariate
where appropriate. Speech rate was given additcoraideration in light of the relationship
between various verbal rate measures and memony(sfa positive relationship between
span and ‘sub-vocalisation rate’ (Standing etl&80), speeded reading, story reading and
digit span (Naveh-Benjamin & Ayres, 1986), inneeagh for normal prose and digit span

(Standing & Curtis, 1989)).

4 Basic Method for Verbal Task Switching: ContinusiSeries Il

4.1 Overview

The Continuous Series Il (Gurd, 1995) task requmaasicipants to produce items

incrementally and alternately from increasing nurslzé verbal categories. This version of
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the task (and most subsequent versinsses overlearned sequences (OS), categoriegwith
predetermined and well established order; thesawrders, days of the week, months of the
year, and letters of the alphabet. The words @evrsd (w/sec) rate during switching is
compared to a preliminary non-switching conditi@mng the same categories. The difference
in word production rate between these two condstisrthe switch cost — a reaction time
evidenced processing cost for reciting the categan combination. Number and type of

errors are also recorded.

4.2 Non-Switching Condition

Participants are initially required to recite eaeltegory individually and repeatedly
(the number sequence is truncated at 20 for thisgse) as fast as they can for a period of 15
seconds, giving a w/sec rate for each categorysd mlividual rates are then used to
calculate the average w/sec rate for each combimafiword categories used in the
switching (S) conditions. For example, the non-shiitig (NS) rate for ‘numbers’ and ‘days’

would be calculated:

Rate™ (numbers) +Rate® (days) / 2 =Rate® ' NS(numbers/days non-switching)

4.3 Switching Conditions

Participants are then required to alternately pcedtems from two of the previously
recited categories, keeping each in its correctroedy. ‘One’, ‘Monday’, ‘two’, “Tuesday’.
The categories have predetermined non-canonigalpsigats and the task continues for a set

number of iterations, as given in Table 2. Theyrarpiired to do this as fast and as

9 The Mixed Category version of the task (see Chajtalternates overlearned sequences with semantic
categories such as animals and fruit. The dumnggeaiestask (see Chapter 5) includes arbitrary low-load
categories consisting of a single repeated worthiinstance colour names (blue, red etc.).
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accurately as possible, avoiding any extraneoesarttes. There is no feedback during the
task (participants are informed of this). Reactiare is measured from the beginning of the
first response uttered to the end of the last. Sdme procedure is carried out for switching

over two and three categories.

Table 2 Start Points and Task Length for Switching Cond#iin the Continuous Series Il

Switching condition Start point Number of iteration
2 categories 6 — Tuesday 23

3 categories 4 — Friday — October 21

4 categories 9 — Wednesday — February — H 20

4.3.1 Calculation of Switch Cost

The w/sec rate for each switching condition is glated by dividing the number of
words produced by the time (in seconds, to 2dggrtdo complete the task. The switch cost
is the difference between the switching rate aedabpropriate non-switching rate, expressed
as a percentage w/sec increase. This is calcutgtedbtracting switching rate from non-
switching rate, dividing this by the non-switchirege and multiplying by 100, as shown

below:

Ratens (W/sec) —Rates (w/sec) /Ratens (w/sec) x 100 Switch cos(%)

5 Procedure

All testing took place in a quiet room either a thniversity of Hertfordshire or the
participant’s own home and took approximately laalfhour (the repetition study sessions
took approximately one hour). Participants wereegia written and verbal explanation of the
rationale and requirements of the task and askedotade written consent to take part in the
testing session and for the session to be audarded (declining to be recorded did not
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exclude participants from taking part). Anonymatyd the right to withdraw unchallenged
were assured. After noting demographic informatimackground tests were administered in
the order: NART; WAIS-R vocabulary subtest; WAISARit spans and conversational
speech rate measure. Participants were then askedite each of the component categories
repeatedly and at speed, one at a time, for theibasion-switching phase of the Continuous
Series Il. For the switching phase they were astigntoduce items alternately and
sequentially from two named categories as per téeiqus task description (see Appendix A
for standardised task instructions). They usedrgstarting points for each category and
were asked to complete the task as fast and asatelguas possible, continuing until told to
stop. The same switching procedure was appliedjukiree and then four categories.

Debriefing was carried out according to a predeteechschedule (see Appendix E).

6 Data Collection

6.1 Audio recording & timing

All testing sessions were audio recorded as mpS8,fib allow for accurate timing and
transcription of responses. Separate consent waset from all participants for recording
to take place. Response timings were recorded asirand held non-beeping digital
stopwatch. Task duration typically lasted from ammately 30 seconds for 2-category
switching to several minutes for 4-category switchiso the level of accuracy from this
method was well within acceptable limits. The stapshh was non-beeping to ensure that it

wasn't misinterpreted as a cue to start the’fask

* During piloting it had been noted that severatipgrants interpreted the beep or click from thepstatch as
a cue to start, causing them to falter at the beggof the task or stop and question whether gheuld wait
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6.2 Criteria for exclusion from analysis

6.2.1 Scores outside normal range on background tdsattery

Individuals showing an impaired level of performammn the NART-2/ WAIS-R
vocabulary subtest or the digit span were exclddmd the final analysis, although it is
acknowledged that such results in a normal pomratay be indicative of false-positive
impaired scores (Axelrod & Wall, 2007). In practioeost of those showing impairment on
the background battery also showed unusual perfacenan the verbal switching task. For
example, very low score on the backward digit spaupled with consistently very high
switch cost on all levels of the switching taskggesting an inability to manipulate
information in working memory. Numbers excludedtbese grounds are indicated in

individual chapters.

6.2.2 Poor performance on task baseline measures

Participants were excluded from the final analyfsisey completed the baseline part
of the task in a manner that suggested they weremuwely fluent with overlearned sequence
categories. Examples of this included repeatedingiup or missing out particular category

items, such as reciting months January to Novemberissing out ‘Y’ from the alphabet.

6.2.3 Completion
Type and number of errors are intrinsic to therprietation of behaviour during the

verbal switching task. While switch cost is genlgratable at a much lower level of

for the beep. One of the prominent features ofdbmetinuous Series Il is that it does not requing external
prompts or cues to guide performance.
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completiori’, such performance may not give a definitive pgetaf accuracy. Therefore
any participant not completing at least 70% ofghedetermined length of the task at every
stage (switching over 2-categories = 23 iterati@isategoires = 21 iterations; 4-categories =

20 iterations) had their entire set of scores adadifrom the final analysis.

6.3 Additional measures recorded

6.3.1 Error types

Errors are counted as any response that does heteath the predetermined category
order or the correct sequence of items within tloagegories; they are recorded as total
number per error type for each level of the taSigure 1 shows an excerpt from a composite
response sheet for switching between three caesgavith examples of the various possible
types of error. The verbal switching tasks allogreater level of error analysis than the more
usual visuo-spatial switching tasks, which onlyioatle errors occurring between stimuli
judgements, showing misapplication of task%saterbal switching allows errors both

between categories and within categories to berdedo Errors are classified as follows:

Within category errors — an item is produced in the correct category notiin the
correct sequence for that category. The categaregee&ept in the correct order but a

participant may produce e.g. days in the wrongrorde

(1) Within category repetition errofVR) — the previous item produced in that

category is repeated (see WR in Figure 1). For @kamone/ Mondaybnée

> Previous presentations of the Continuous Serikavé included calculation of switch cost at 30osels into
the time course of the task. This was to accounpdssible early discontinuation by neurologicaigras. No
significant difference was found between ‘shortd dull task switch cost for healthy controls.

*2 |t has previously been noted (Gurd 2003; Essi§42€ssig, Gurd & Kischka, 2005) that many studies
task switching fail to make the distinction betweasks that switch within or betweeragnitiveset. Here the
reference is to differing rules for separate stifudgements, which may or may not be within theea
cognitiveset.
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Tuesday...” Two or more repetition errors in sucaassionstitute a

perseverative error.

(i) Within category sequencing err@VS) — an item from the correct category
is produced but out of sequence. For example, “Dloglday/sevent

Tuesday...” (see WS in Figure 1)

Between category errors- an item is produced in the wrong category pasitin
this situation the order of the categories is inect; items within a category e.g. days,

may or may not be in the correct order.

(1) Between category repetition err(@BR) — the last category is repeated in the
next category slot. For example, “one/ Monday/ tivoésday/ three/

four...” (see see BR in Figure 1)

(i) Between category sequencing er(BS/ BSS) — a category is produced out
of the prescribed sequence (but not as a repetfitime last category
produced) (see BS in Figure 1). Between-categajyesgcing errors can

occur either alone or in conjunction withthin-category sequencing errors.

i. BS example the categories are produced in the wrong order bu
the items within them remain correctly sequental. example
(switching over 3-categories), “one/ Monday/ Jagligwo/

February/ Tuesday//three/ March® Wednesday...”

ii. BSS example the category order is wrogdthe items within

them are no longer correctly sequential. For exangwitching

%3 Note that although subsequent responses are setjoknce with the original task order, they atecoanted
as further errors as they carry on correctly frbmlast response and ‘new’ category order.
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over 3-categories), “one/ Monday/ January/ twebruary/

Thursday/ three/ March/ Friday...”

(i)  Deletion error(BD) — the category is completely missed out ef th

sequence.

It should be noted that, with the exception of tlefeerrors, one occurrence of a
between-category error must necessarily be follolednother as swapping the
position of two categories means that both arbénwrong place and both

constitute an error.
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Numbers Days Months

4 (Nor%pome/ / Fri v Oct v

BD

54, Sat v Nov v

W

6 5 Sun (December Dec@
BS BS

76 Mon January Jan Monday

8 /12 Tue February Feb( Monday |

WS WR

9 13 Wed( Satwrday Mar Tuesday
B

10 Wednesday Thu Sunday Apr Wednesday

BR

Figure 1 Sample section of response sheet for Camtius Series Il showing target responses
(black), actual responses (blue), errors (circlegt) and classification of error as within-category
(W) or between-category (B). Note it would be unakto see this group of error types from a

healthy normal participant.

6.3.2 Self corrections

Self-corrections occur when individuals perceiver(ectly or otherwise) that they
had made a mistake; they are again recorded ds\totdoer per type of correction for each
level of the task. All responses are classed agreft) Positive corrections (S6), where
participants have correctly indentified and resdlae error, or (ii) Negative corrections
(SGieg), Where a correction has been made but the rissailt incorrect response. These can

be of two types:
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(i) Single negativ€SC.eg1) — an error is correctly identified but is change@n
incorrect response. For example, where the taegginse is ‘one’,
‘Monday'’... the actual response might be “oheesday.. no,Wednesday..”

(i) Double negativg€SG.ego) — a correct response is erroneously identifiedras
error and changed an incorrect response. For exanvpkre the target
response is ‘one’, ‘Monday’... the actual respomsght be “one, Monday...

no, Tuesday..”

7 Data Analysis

7.1 Overview

This section details common procedures for analyswitch cost. Changes to the
analysis because of differing task structure oitamthl data being recorded are dealt with in
individual chapters. All analyses were carried wsihg IBM SPSS Statistics for Windows
17.0; data was routinely screened for missing andrrect entries. Unless otherwise stated,
statistical significance was set at the level .05. Effect sizes were interpreted according to

Cohen (1988); .20 = a minimal effect, .50 = mediuB0,— large.

7.2 General Linear Model (GLM) Analysis of Variant€ovariance

(ANOVA/ ANCOVA)

The GLM repeated measures procedure was used lisara multi-factorial
designs, due to the constant repeated measures éddumber of Switching Categories’.
A number of background measures known or suspéatiedve an effect on task switching

performance were considered as potential covariatgs(switch costs are known to be
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increased in older adults, in relation to a nundfeaspects of the switching process — see
Kray & Lindenberger, 2000; Kray & Eppinger, 2006eivan & Gotler, 2001), digit span (as
a measure of working memory capacity) and conviersaltspeech rate (due to the nature
and number of tasks). Binomial correlation analysese carried out to determine whether
there was a significant relationship between thvasmbles and the main dependent measures
of switch cost and task speech rate. Covariategeshinto the analysis shared no common
correlation; a number of measures were known te liai¢ type of relationship. Both digit
span measures correlated with each other as soaitess normal range tend to remain within
2 points of each other (Black & Strub, 1978); NARKknown to correlate highly with age
and years spent in education (Crawford et al., L988ere applicable (for studies with
several groups: order effects (Chapter 4) and tfeets (Chapter 6)), groups were matched

for scores on these variables (Miller & Chapmar130

Inclusion of covariates with repeated measure®facesults in what can be
interpreted as an overcautious reduction in powethfose measures (Thomas et al., 2009).
Scores on the covariates do not differ between areasents of the dependent variables at
different levels of the repeated measure, partitula the current context where measures
are temporally adjacetiti.e. age is the same whether measuring switchax@st2, 3 or 4
switching categories. Main effects for repeatedsnezs were therefore reported separately
using a GLM ANOVA; covariate interactions were theported using the GLM ANCOVA

procedure (see Annaz et al. (2009) for a presentati this approach).

** Unlike more typical repeated measures studiegjusiatment trials or other longitudinal measures single
group.
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CHAPTER THREE: USING VERBAL TASKS OF VARYING

DIFFICULTY

1 Introduction

This chapter describes a study carried out usiregtiersions of the verbal switching
task: the Continuous Series Il, Verbal Fluency sliitg and the Mixed Category task (Essig,
2004). Verbal Fluency switching involves switchimgfween producing words from different
semantic categories and the Mixed Category tasiwes alternating between increasing
numbers of overlearned sequences and semantioca®m turn. The study aimed to
reanalyse data from a single case series of nagicalgpatients (taken from Essig, 2004)
using a suitably age matched replacement contropka(the original sample was not age
matched). The aim of comparing performance on these tasks was to assess whether
switching between tasks of differing difficulty ihe absence of both bivalency (one task
having two possible responses) and Stroop-likefertence between responses would result
in increased switch cost. Additionally verbal flegralternation is known to be more
complex than overlearned sequence alternatioraintthequires formations of sub-groups

(clusters) of responses (e.g. farm animals, zomals) and switching between these clusters.
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1.2 Summary of previous research

The premise for the current thesis is based upemnesults of previous work (Essig,
2004; Essig, Kischka & Gurd, 2005), which are sumsea here®. Performance on the
Continuous Series Il was compared with a Verbagity switching task (producing items
from alternating semantic categories), and the netweed Category task, which alternated
overlearned sequence categories with semanticara@egThe three-task comparison was
carried out with a sample df = 30 healthy controls (agé¢ = 39.23,SD =11.37) and a
single case series of seven neurological patiags\ = 51.29,SD= 11.62) with disparate
diagnoses (See Table 4). It was predicted in tlgenad study that Mixed Category task
switch cost wouldot be significantly slower for 3-categories than 2egaries, due to the
2:1 semantic category (SC) to overlearned sequgSg switch requirement as the task
triplet repeated (SC-OS-SC/SC-0OS-SC/SC-0S-SC...)r @wentinuous run of three
categories two semantic categories occurred needd¢h other (categories 3 and one of the
repeating triplet). This resulted in fewer secomden reconfigurations; tagipe(OS or SC
production) changed less often thask(production from flowers, days or sports). A seton
prediction was that Mixed Category task switch aestild be slower than eith@ontinuous
Series Il or Verbal Fluency switching due to thedtle’ switching requirements (switching
not only between tasks but betwagpesof task, OS or SC). A final prediction was that
neurological patients would be impaired on bothtgwcost and error rate, particularly
producing more between-category executive basedseifThe Mixed Category task was
found to be slower than the Continuous Seriesdl@atients were impaired in terms of both

cost and error rate.

*® The section ‘Summary of previous research’ refensork previously presented for the award of Masfe
Science at the University of Hertfordshire (200%)y further presentation outside of that chaptetisa of
statistical analyses, discussion of backgroundrtheomethodology relating to that data is addisilowork
carried out after the submission of the MSc thesis.
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1.3 Combining tasks of varying difficulty

The Mixed Category task introduces a differencdifficulty level between alternate
component tasks, determined by the differing l®felemantic and syntactic complexity
between semantic categories and overlearned sezpiémated by Bookheimer et al. (2000)
and Ragland et al. (2008)). Variance in task difficis not entirely comparable to that
present in Stroop-style tasks (as used by Allpadt @thers), which rely on suppression of the
stimulus-activated easier more dominant task ofdweading in the more difficult colour
naming condition. As such, any difference in tinosts between semantic categories and
overlearned sequences (be that costlier switclurtlget easier task or vice versa) may not be
attributable to the same processes posited asngg8ioop asymmetry. Allport, Styles and
Hsieh (1994) accredited asymmetry to a carryoventefference from the preceding harder
task (see page 27), later framing this as long tessociative interference (Allport & Wylie,
2000). A threshold for interference was advocatetbnsell, Yeung and Azuma (2000)
(see page 29 of this document), thus accountinthebdominance of either task relative to
the other and allowing for the finding dverse asymmetry (easier to switch to the easier
task). This ‘relative-dominance’ view may bettecaant for any such differential costs
found in the Mixed Category task given the combarabf component task completion and
the additional switch between verbal domain as agliask, as illustrated in Figure 2. While
the additional level of switching (between taggeas well as task) in the Mixed Category
task may account for greater time costs it mayesemxmore completely disengage the

previous task set and so result in fewer betweésgoay errors.
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1.4 Comparing overlearned sequences and semantiegaies

A second feature of the Mixed Category tasthat the two component tasks,
semantic category and overlearned sequence produatie controlled by different frontal
processes rather than one unitary process. Todalyprehend the relevance of comparing
different classes of word between and within taslksnecessary to revisit the original basis
for the Continuous Series Il task. Gurd (1995) kxbkor a correlation between the
Continuous Series task (alternating between inorgasimbers of overlearned sequences)
and semantic verbal fluency (producing items fraffecent semantic categories). Verbal
fluency was assessed in both single category dachating forms. The Continuous Series
and verbal fluency production are both frontal taska lack of correlation between the two
could be indicative of fractionated frontal functorather than a common frontal basis. No
significant correlation was found. Gurd therefooeduded that the frontal processes
involved in these two tasks were separate from e#edr and took this as evidence for a
fractionated SAS. As such we can assume that swgdietween different verbal tasks
(overlearned sequence or semantic production)taplinto different frontal executive
functions. Comparison of time-related switch castd errors for such tasks will allow us to
determine whether there is a generalised switchingtion (at least for all types of verbal
task) or whether the underlying processes diffeoading to the task being carried out. This
ties in also with the additional level of switchiffietween taskypeas well as task) as

participants may be switching control process ds agetask.

Additionally semantic category production invohaemore subtle level of switching
that is not seen in the Continuous Series Il. Esiegle-category verbal fluency requires a

degree of switching between search strategiesdors, resulting in clustering of items as
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items are produced from first one sub-categorythad another. Clustering and switching
are two separate established features of verbah iy production (Troyer, Moscovitch &
Winocur, 1997). Search within and between clustegsires more abstract processing when
alternating between two different categories. Tleebdl Fluency task will therefore assess
switching between overt categories (e.g. animatsfamiture) and implicit clusters (e.g. zoo
animals and farm animals), with the alternatinguresment (particularly at three categories)
assessing the role in complex switching of moregrabsprocessing. In comparing Verbal
Fluency switching to Continuous Series Il it woblel predicted that switch cost would be
greater due to the need to switch between clustéingn each task and would also be implicit
in the Mixed task, adding to varying task diffigulThis could be evidence for different task-
controlling processes, one that required contnotémtinual state updating (the Continuous

Series 1l) and one that required control for clusteitching (Verbal Fluency).

Switching between different verbal tasks (overledreequences and semantic
categories) should also make a difference in the of errors produced. Within-category
errors for the Continuous Series Il are determiodae automatic updating errors (according
to Kahneman’s (2011) System 1). Within categorgmrfor semantic categories are likely to
reflect a different process at work. Semantic aatggroduction involves searching the
category rather than automatically updating andlliag whether the response has already
been made. As such within category errors reflenbee complex process for semantic
categories. Within category errors could also mftarryover of activation of the easier or
harder task to the subsequent task, interferiniy wptdate of the next task. To determine this
would necessitate a more fine grain analysis tbhahg count of within-category errors. If the
task set from, for example, the category animadsilisactive when trying to select a response

for the sequence days then the response for theseg days would fail to update . A
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perseverative errawithin the category (e.g. cat, Thursday, ddgursday..) would be
indicative of this. By comparing within-categorypsgition and within-category sequencing
(item out of sequence but not repeating — e.g.T¢atrsday, dogSaturday..) errors it should
be possible to determine whether such an occurismoere common in the Mixed Category
task, suggesting TSI-like effects (Allport, StyleHsieh, 19954) in the absence of bivalency

and relying only on difference in task difficulty.

1.5 Neuropathology and task switching

Both traumatic brain injury (TBI) and stroke ars@sated with reduced performance
during task switching. Loss of functionality in kaswitching after TBI has been documented
(e.g. Mecklinger et al., 1999). While time costs greater than those of healthy controls,
patients are able to complete tasks and seemiaghke advantage of preparation time to
improve costs (Schmitter-Edgcombe & Langill, 2008)\itch costs are confined to the first
trial of a run (in the alternating runs paradigm)tswould seem that executive processes are
completed before this first trial. Reduced funcélity is therefore possibly due to increased
mental effort rather than fundamental impairmentirederlying processes (Azouvi et al.,
2004). Chronic TBI patients have been found toukecnore areas of the brain at low levels
of switching difficulty (LaRoux, 2010), exhibitingealthy-like behaviour but facilitated in a

different way.

During Stroop-style switching TBI has been assedatith greater error rates
(Perlstein, Larson, Dotson & Kelly, 2005) and gesagrror-rate interference (Sozda, Larson,
Kaufman, Schmalfuss & Perlstein, 2011) than fodthgacontrols. Error-rate interference

was calculated as the increase in error ratesimtdongruent over congruent Stroop
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condition, much as switch cost is calculated. Tiniseased error-rate interference was
matched by Sozda and colleagues with increased Z60i@ty (already noted as implicit in
conflict resolution during switching (Brown, Brav&rReynolds, 2007)). In less severe cases
patients are thought to be proficient in monitoring not adapting to conflict during
switching (Larson, Farrer & Clayson, 2011). Givha tontribution of post-error slowing to
switch costs (Rogers & Monsell, 1995) this lackad&ptation must also feed into the
increased time costs seen in TBI. It has been foloaidstroke patients exhibit a pattern of
reduced accuracy but similar response times tdheabntrols, particularly for uncued
endogenously controlled alternating tasks (Pohl.eR007). It is suggested that stroke
patients cannot maintain the combination of acquean speed i.e. they would be more

accurate if they were not aiming to respond asdagiossible.

The ability to differentiate between executive ‘wgetask’ errors (producing Days
instead of Months) and task-specific decision arfselecting a Day out of sequence) in the
Continuous Series Il will allow for specific idefitation of executive failure where it occurs
rather than general reference to accuracy as adapounspecified source of cost as is the
case in the wider literature. The current studyswseultra-cognitive neuropsychological
perspective (as termed by Shallice, 1988), basdteprinciple that any non-normal
functioning (regardless of its source) will infothe determination of underlying processes in
normal functioning. By administering the Continucesies Il to patients with TBI and
stroke the evidence of executive failure in thé& tagl be more apparent than with a healthy
control sample. It will thus be possible to inferlicit processes in verbal task switching by
putting the behaviour ‘under the spotlight’ of noormal functioning. If between-category
errors are indeed indicative of executive failurert they will be more widespread in the
patients.
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OS task domain

Number switch Day switch Month

o A

A: Continuous Series I

SC task [|switch OStask | switch SC task

domain — domain — domain
| | |

" switch | f switch
Flowers Day Sports

) >

B: Mixed Category task

Figure 2 Example of a single iteration of switchingetween three verbal categories for (A)
Continuous Series Il overlearned sequences (OS) &)Y Mixed Category task OS + semantic
categories (SC). Switching on the Continuous Setliesask occurs between different categories but
within a single task set, that of overlearned seques. Switching on the Mixed Category task
occurs both between the categories and between daskains (semantic search and overlearned

sequences).

In summary, comparison of the Continuous Seriegth the Mixed Category task

will allow investigation of tasks of differing diffulty in a verbal paradigm. Proactive
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interference, of the type proposed by Allport, 8syk Hsieh (1994) in their task-set inertia
(TSI) hypothesis (transient interference from thevppus task set interferes with establishing
the current task set) would present in the Contisugeries Il as slowed RT on the second
and subsequent tasks and failure to establistaike(ain error in the subsequent task). As
between-category error are proposed to be execamigeherefore not open to effects from
non-executive processes, it is proposed that aitieree of carryover effects would result in
increased within-category errors, specifically pgegative within category errors (repeating
the last item e.g. Monday, FebruaMonday,March...). As switch cost in the verbal
switching paradigm is measured for the whole tasknot possible to assess the effect on
costs but it is possible to assess the effect dmmwcategory errors. By comparing the
Continuous Series Il with a Mixed Category task pasing of (harder) semantic categories
and (easier) overlearned sequences we are in effglatating the harder-to-easier task
structure that showed asymmetry in the Allport giwdthin a verbal paradigm. There is no
Stroop-like interference or bivalency and so thelbato-easier aspect of the task can be

studied in isolation.

2 Hypotheses

1. In line with previous work (Essig, 2004) performaran all indices will deteriorate as
the number of switching categories increases.

2. ltis predicted that the Mixed Category task walult in greater switch cost than the
Continuous Series I, due to the contribution oftslnng between an easier and more
difficult task as opposed to just easier tasksthrctheed to switch between tasks

under fractionated rather than unitary frontal coinGurd, 1995).
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3. There are expected to be fewer between categargsdor the Mixed Category task
than the Continuous Series I, reflecting the disgement from both the previous
task and the previous task domain. The double bwitthe Mixed Category task
emphasises the ‘cognitive gear change’ (MonseD32@mplicit in the task set
reconfiguration (TSR) (Rogers & Monsell, 1995) aatb Between-category errors,
which indicate a breakdown in System 2 (Kahnem@t1?reflect such effortful top-
down processing. The need to, in effect, doublychwwill result in slower (as
previously predicted) but more complete switching.

4. There will be a difference in thgpeof within-category errors found in both the
Continuous Series Il and the Mixed Category takkpagh at present it is unclear
how the difference will present. Specifically, liere are more repetition (e.g.
WednesdaywVednesdgythan sequencing (e.g. Wednesdagturday errors found in
the Mixed Category task, which has tasks of diffgrifficulty, this will indicate
evidence of carryover effects interfering with éfithment of subsequent tasks. The
typeof within-category errors will act as a secondamgasure of the prevalence of
TSI.

5. ltis predicted that the Verbal Fluency task walsult in greater switch cost than the
Continuous Series Il due to switching solely bdwegween ‘difficult’ tasks.
Additionally there is the need to switch betweeb-gtoups within categories.
Although there will not be the contribution (inteat direction, asymmetric or reverse
asymmetric) of switching between easier and haweks, it is predicted that the more
difficult task will be more time consuming overall.

6. There will be a difference in switch cost betwees Yerbal Fluency task and the
Mixed Category task. It is unclear which combinatwill be more costly, differing

task difficulty/ different frontal control processéor the Mixed Category task or
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harder task/ switching between both categoriessabegroups for the Verbal Fluency

task.

3 EXPERIMENT ONE

3.1 Method

3.1.1 Design

Healthy control data was analysed throughout &peated measures design,
measuring Speech Rate (w/sec), Switch Cost (% virlseease) and Error Type (within or
between categories) as detailed in Chapter 2. ®tieetVerbal Fluency (VF) and Mixed
Category (MX) tasks being truncated at 3-categp@estinuous Series Il (CS) data was
initially analysed on its own across all three lewa difficulty. The three tasks (CS, VF &
MX) were then compared as a repeated measuresdgsign (Task Type (CS, VF, MX) x
Difficulty Level (2, 3, 4 categories)) for analys Task Speech Rate and Switch Cost. Error
types were analysed using two or three levelssifgle factor (either Task Type or Number
of Categories) as appropriate. The neurologicaépts were treated as a series of single case
studies. Raw scores were converted isoores® ; the criterion for impaired performance
was set at @D below the control mean. Positive and negatigeores for Switch Cost were

reversed as a higher score would indicate slowet {laerefore impaired) performance.

3.1.2 Single case series approach
The single case series design adopted what ShélB&8) termed a strong or ultra-
cognitive approach, seeking to establish the pssseanderlyingiormal cognitive

functioning (in this case, the ability to switchtiween verbal tasks) by studying the

°% patient raw score minus contidldivided by controSD
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performance of people with knovalnormalcognitive functioning, not to ascribe any
relationship between specific brain processes aol fnctions (Coltheart, 2004). Although
viewed by some as too extreme (e.g. Shallice, 1888)e extent of itexclusion of
physiological cause, this approach lends itsely vezll to the current aim of establishing the
limitations of the verbal switching paradigm. Nderence regarding implementation of the
task is made (or required) at this stage of thewi&.f. Marr & Poggio, 1976). Further, the
approach can be considered more robust as pm@mtscre tested repeatedly against a
number of individual cases, in much the same waysagy a number of separate groups, by
means of z-scores calculated against the resaolts & healthy control group (with an
appropriately sized control sample c.f. CrawfordH&well, 1998; Crawford & Garthwaite,

2002).

3.1.3 Participants

A new sample of healthy controls £ 28) was used for the reanalysis of data from
Essig (2004); they were a mix of postgraduate psipgly students and staff from the
University of Hertfordshire and individuals frometivider community, recruited by word of
mouth. Six neurological patierfsrom the original study were included in the as#y(see
Table 4 for details of individual diagnoses); patid (a 57-year old female, two-months post
left hemisphere stroke) was removed from the ammafs she did not complete the Mixed
Category task or either of the speech rate meastillggarticipants carried out the same core
background measures as detailed in Chapter 2; logical patients did not complete the
WAIS-R vocabulary sub-test so as to avoid fatigitee short NART (Beardsall & Brayne,
1990) which uses only the first 25 words from thk ¥ersion was used with Patient 3 as he

appeared to have difficulty with reading (Crawfetdal., 1991 confirm reliability of the short

® patients for the original study had been recruitech the Oxford Centre for Enablement and had been
referred by their consultant neurologist.
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version in predicting full scale IQ when comparedull NART). The neurological patients
carried out a picture description task (using anea#f people playing on a beach) at the end
of the session, to give a second w/sec measugeeth rate. The intention was to compare
this to the initial conversational speech measni@ssess possible fatigue effects on speech
rate and to end the test session with a posititreitgc Two of the patients were unable to
complete the first conversational activity as theyld not think of a topic to talk abafitA
paired sample T-test carried out on the remainmg patients showed no significant
difference between conversational rd#e2.63,SD .21) and picture description ratd .44,
SD.52),t(3) = .78,p = .49. The picture description measure was thezaised for the
purpose of speech rate comparison with the cogtmlp. A series of independent sampies
tests showed that speech rate was the only mesisoveng a significant difference

between healthy control(2.58,SD .42) and patients 1.98,SD .82),t(32) = 2.64p =

3.

8 The neurological patients were offered the choicelking about a favourite or recently completedbby or
pastime (they all took part in occupational andlztapy sessions) as this was felt to be a morgienally
neutral and easily recalled alternative to a hglida

®9 This did not adversely affect task performancesuess as Switch Cost is calculated individuallyiagta
each participant’s speaking rate.
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Table 3 Descriptive Statistics of Background Test BattéWART Predicted Full Scale 1Q, WAIS-R
Vocabulary Sub-Test, Forward and Backward Digitr§2onversational Speech Rate and Picture

Description Speech Rate) For Healthy Controls (88¥and Neurological Patients (N = 6)

Digit span
Group Age NART WAIS-  Forw. Backw. Conv. Picture
R speech desc.
vocab. (w/sec) (wisec)
Controls
Mean 47.25 113.04 125 6.57 4.93 2.58 *
SD 12.38 7.26 3.38 1.17 1.39 0.42
Patients
Raw scores
1 43 118 * 7 4 2.73 2.03
2 57 102 * 4 2 * 1.16
3 65 87 * 7 2 * 0.93
4 38 112 * 6 4 2.33 2.28
6 37 94 * 8 4 2.80 3.20
7 61 124 * 8 6 2.65 2.26
Patients
Mean 51.60 106.17 * 6.67 3.67 2.63 1.98
SD 13.18 14.32 1.51 1.51 0.21 0.82

* Task not administered; ** Did not complete task
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Table 4 Clinical Details (Injury, Treatment and Time elagdmfore Testing) for Neurological

Patients (n = 6).

Injury and any invasive Time Neuropsychological assessment at admission
treatment between

injury &

testing
Patient 1 (female, 43 yrs) 2 mths Mild visual problems (especially re: locgtmbjects in

Right total anterior circulation
stroke

Patient 2 (male, 57 yrs) 7 mths
TBI resulting in large fronto-
temporo-parietal contusion &
subsequent right parieto-
temporal craniotomy and
partial right frontal &
temporal lobectomy

Patient 3 (male, 65 yrs) 2 mths
Left hemisphere stroke to the
middle cerebral artery
(investigated for same side
TIAs 9 months prior to this)
Patient 4 (female, 38 yrs) 2 mths
Left hemisphere intra cerebral
haemorrhage; left craniotomy,
evacuation of haematoma and
embolisation of discovered
AVM

Patient 6 (male, 37 yrs) 4 mths
Closed head injury (fall from
height onto a hard surface).
Left frontal & right cerebellar
contusions

Patient 7 (male, 61 yrs) 6 wks
Right fronto-parietal

intracerebral haemorrhage

(TIA/ left occipital lobe

ischaemic infarct 9 months

prior to this)

space)

Problems with visual memory & IP speed (although
good verbal recall)

Slight executive problems (planning unstructured &
novel tasks)

Geographical disorientation (believed he wasndon,
not Oxford)

Significant impairment of verbal and visuospatidall
and recognition; very slow thinking speed
Significant executive impairment, showing
perseveration, set shifting problems, confused &
disorganised performance and lack of insight

Significant reduction in IP speed

Significant problems with planning and construction
Difficulty learning new unstructured verbal matéria
(structured verbal and visual recall good)

Possible executive problems

No significant cognitive difficulties found
Difficulties recalling numbers strings, though pbss
due to long term recall problems

Mild cognitive impairment
Retrograde amnesia regarding accident

No noted cognitive impairments, althoughhtlig
tendency towards impulsivity

IP = information processing;Bl = traumatic brain injuryTIA = transient ischemic attackVM = arterio-

venous malformation
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3.1.4 Stimuli

The study used the Continuous Series Il (CS; fedladiption in Chapter 2), a Verbal
Fluency switching task (VF) requiring participatdsswitch between increasing numbers of
semantic categories and the Mixed Category task)(MKich required switching between
increasing numbers of alternating overlearned sempgeand semantic categories. Categories
and start points used for each task are preseeted/start points were pre-set and non-

canonical for overlearned sequences and free foasgc categories.

Table 5Categories and Start Points used in Continuoug$SHriVerbal Fluency and Mixed

Category Tasks.
Task & Number of Categories Start points
Categories
Continuous Series Il 2 Numbers — Days 6 — Tuesday
3 Numbers — Days — Months 4 — Friday — October
4 Numbers — Days — Months — Letters9 — Wednesday — February - H
Verbal fluency 2 Vehicles — Clothing Free start points
3 Occupations — Animals — Fruit Free start points
Mixed Category task 2  Furniture — Months Free— July
3 Flowers — Days — Sports Free— Saturday Free
Number of sequence iterations: 2-cats. = 23 3-cats. = 21 4-cats. = 20

Semantic category norms were taken from Hamptoragd@®er (1983). Several
categories were exclud®diue to possible ambiguity or restricted set sizetie
neurological patients (such difficulties are extealy documented by Lezak et al, 2004). The
reduced number of suitable categories resulteddan/erbal Fluency and Mixed Category

tasks being truncated to 3-category switching.

®0 The excluded categories were: birds; fish; foadtdurings; insects; vegetables; weapons
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3.2 Procedure

After completing background measures, healthy cisttompleted tasks in the order
Continuous Series Il, Verbal Fluency and Mixed @atyg task; full procedural details for
verbal switching are described in Chapter 2. Nagichl patients completed the Continuous
Series Il and Mixed Category tasks only, to redag possible effects of fatigue. Task order
was fixed to ensure that neurological patientsiedrmut what was perceived to be the most
unfamiliar first, thus avoiding undue stress artiytee during the session. While the Mixed
Task was felt to be harder per se, patients were tik@ly to be familiar with semantic

search and so this task was felt the most appteprize to finish on.

3.3 Data Analysis

3.3.1 Data distribution

Normality for all variables was assessed usingsthapiro-Wilk's test with
significance set at .01; where appropriate skewaedsurtosis were considered usirng a
limit of + 2.71, equivalent to amlevel of .01 (Field, 2009). Both digit span measwvere
found to have a non-normal distribution: forwardidspanW(28) = 0.89p = .008, with a

leptokurtic cluster scoring at 7; reverse digitrsi@g28) = 0.90p = .010.

Continuous Series |l rate and switch cost for &gaty switching were non-normal,
CS4ae W(28) = 0.90p = .009, CSés:W(28) = 0.86p = .002, this time with skewness just
reaching significance at the .01 level for switdstoonly. Closer investigation revealed
CS4,e to have a peak at 0.40 w.sec and Gtb peak at 90%. The degree of these peaks
beyond the normal curve and the number of partitgeontributing to them, as well as the

observed normality of the rest of the sample andhabdistribution of other rate and switch
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cost variables, indicated that transformation efdlata was not justified (particularly given
the intrinsic change to the nature comparisonswiisld entail — see Field, 2009) and that

parametric analyses could reasonably be applied.

Rate and switch cost measures for 3-category Vé&ilbahcy switching exhibited a
significantly non-normal distribution, VE3 W(28) = 0.85p = .001, VF3,stW(28) = 0.84p
=.001. Although statistically non-normal, obseiwatof a histogramatic representation of
the data indicated that the majority of the sanppésented a normal distribution, with
VF3ate showing a peak at around 0.20 w/sec and a singiedeore of 0.37 and V&t
peaking less noticeably between 68-78%, with alsilayv (fast) score of 50%. As expected,
all error measures for all three tasks (with theegtion of CSdinin) showed significantly (in
excess oft = .01) non-normal distributions. Additionally atleasures differentwithin-
category error type (repeat or sequencing), whierewsed to address hypothesis 4, were

non-normally distributed with the exception of C&fjuencing errors.

3.3.2 Statistical tests

Continuous Series |l rate and switch cost wereyasedl over 2, 3 and 4 switching
categories using GLM repeated measures ANOVA, \Nlumber of Categories (2, 3, 4).
Rate and switch cost for all three verbal switchiegjs (CS, VF and MX) were then
compared over 2 and 3 switching categories usi@ijl repeated measures 3 x 2 ANOVA,
IV1 = Task Type (CS, VF, MX), IV2 = Number of Catwes (2, 3). Post-hoc contrasts were
carried out using t-tests or GLM repeated contrastappropriate, depending on whether
scores could reasonably be expected to be incraireross levels. A bivariate correlation

was used to identify any potential covariates ftbmbaseline measures, which were
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incorporated into ANCOVA analyses where appropriaée note in Chapter 2, page 124
regarding the use of covariates with repeated nmeagactors (Thomas et al., 2009)). In all
instances of the GLM ANOVA/ ANCOVA multivariate né$s are reported using Wilk’s
lambdaA, which is more robust to violations of sphericiffect sizes are reported using
partialn? interpreted as .01 = small, .06 = medium and=.latge (Cohen, 1988). Error
rates (within and between category errors) weréyaed using the non-parametric
Friedman’s ANOVA and Wilcoxon signed-ranks testthnaffect size reported as

interpreted as .10 = small, .30 = medium and .®rge (Cohen, 1988).

Significance levels for post-hoc contrasts madegisitests or Wilcoxon signed ranks
tests were determined using Holm’s sequential Booifié adjustment throughout (Holm,
1979). All non-parametric significance levels axa@ measures; for Wilcoxon signed ranks
tests this is indicated in the text as one or taited as appropriate. Effect sizavas
calculated in the following ways (Field, 2009)estsV ((t* + (t* + df)); Wilcoxon signed

ranks, test statisti¢ + Y number of observations.

3.4 Results: Healthy Controls

3.4.1 Descriptive and preliminary statistics

All tasks showed the predicted increase of Switost@nd Errors, and decrease in
Task Speech rate (see Tables 4 and 5), as the MwihGategories increased. Task Speech
Rate and Switch Cost for the three tasks werenvatrsely matched as difficulty increased.
Rate was slowest for VA = 0.25), then MX = 0.37), then CS\ = 0.96); cost was

greatest for MX M = 75.36), then C{ = 69.71), then VFN = 67.59). Rate was at a
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comparable level for VF2 = 0.29) and MX3 M = 0.28), but for the same two tasks cost

was comparable between VR@ € 72.20) and MX2Nl = 71.23).

Switch Cost measures showed more variation thak $psech Rate, reducing in all
instances as the Number of Categories increased/gtsely, variancancreasedn line with

Number of categories for both Error Type measures.

No correlation was evident between age and pretid#&RT 1Q. Forward digit span
correlated significantly with reverse digit spars, .51,p (all significance values two-tailed)
=.006, normal speech rate .38,p = .049 and all three speech rate measures for the
Continuous Series I, Cg2 r = .42,p =.025, CS3¢e r =.60,p=.001, CSht r =.55,p=
.003. Similarly, reverse digit span correlated vathContinuous Series Il rate measures,
CSZae I =.46,p = .015, CS3e r =.63,p =.0001, CS4e r = .65,p =.0001 and also with
CS4ostr =-.46,p = .014 and MX24 r = .42,p = .026. Finally, normal speech rate also
correlated with CS2e r = .38,p = .049. The relationship between normal speechaadtl
forward digit span/ CSg. very likely reflected the ability to speak at amal or near to
normal rate during those two activities, rathentiradicating any attributable share of the
variance. Reverse digit span was deemed the mibagblguof the two span measures to use as
a covariate, given its relationship with all thtasks and some of the more complex

switching indices, but was excluded due to its normal distribution.
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3.4.2 Task speech rate

A one-way GLM ANOVA indicated that for the Continu Series 1l the Number of
Categories (see Table 6 for means) being switckedden had a highly significant effect on
speech rate during the tagk= .06,F(2, 26) = 224.53p = .0001,%2 = .95, with rate
increased significantly in line with the numbercategories CS2 to C331, 27) = 291.02p

= .0001n,% = .92, CS3 to CSE(, 27) = 134.12p = .0001n,% = .83.

For the cross-task comparison a two-way GLM ANO\Aegaled a highly significant
main effect of task type (see Table 6 for means},.06,F(2, 26) = 197.87p = .0001,11,02 =
.94, and of number of categories (2-ddts 0.67, 3-catd1 = 0.38),A = .06,F(1, 27) =
394.43p= .0001,1“)2 = .94, as well as a highly significant interact{gee Figure 3)
manifesting as a greater effect of Number of Caiegdor the CS tasky = .09,F(2, 26) =

137.10,p = .0001,n,° = .91.

Table 6 Descriptive Statistics (M, SD, Range and Confideneerval) for Healthy Controls (n = 28)
on Task Speech Rate (w/sec) and Switch Cost (%ase).

Continuous Series I Verbal Fluency Mixed Category

2-cats 3-cats 4-cats 2-cats 3-cats 2-cats 3-cats
Task Speech rate (w/sec)
Mean 1.26 0.66 0.43 0.29 0.21 0.47 0.28
SD 0.21 0.20 0.18 0.08 0.05 0.11 0.07
Switch cost (% increase)
Mean 61.21 78.22 87.46 62.99 7220 71.23 79.49
SD 9.36 8.22 5.47 7.77 5.33 7.71 6.53

CSrate: M =0.96, SE = 0.03
VF rate: M =0.25, SE=0.01
MX rate: M =0.37, SE =0.01

CScost: M =69.71, SE=1.55
VF cost: M = 67.59, SE = 1.08
MX cost: M = 75.36, SE = 1.16

2-cat rate: M = 0.67, SE = 0.02
3-cat rate: M =0.38, SE =0.01

2-cat cost: M =65.14, SE =1.18
3-cat cost: M = 76.64, SE = 0.92
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3.4.3 Switch cost

A one-way GLM ANOVA indicated that for the Continu Series 1l the Number of
Categories (see Table 6) being switched betweem aghly significant effect on switch
cost during the tasky = .08,F(2, 26) = 143.63p = .0001,%2 = .92, again increasing
significantly in line with categories, CS2 to CB@, 27) = 190.18p = .OOOl,np2 = .88, CS3

to CS4 =F(1, 27) = 127.06p = .0001n,” = .83.

A two-way GLM ANOVA revealed a highly significantam effect of Task Type
(see Table 6)A = .40,F(2, 26) = 19.73p = .OOOl,np2 = .60, and of Number of Categories
(2-catsM = 69.71, 3-catl = 67.59, 4-cathl = 75.36),A = .12,F(1, 27) = 206.14p =
.0001,11,[,2 = .88, as well as a highly significant interactaugain caused by the effect of
categories for task C3, = .46,F(2, 26) = 15.08p = .OOOl,np2 = .54, the difference between
2-cats and 3-cats was significant for task CS coetpo VF,F(1, 27) = 27.12p = .0001,
np” = .50, but not for VF compared to MR(1, 27) = 24.70p = .610,n,,” = .01. Figure 4
very clearly illustrates the lack of interactiontween VF and MX, with the particularly low

cost produced by CS2 causing the interaction.
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Table 7 Descriptive Statistics (Sum, N producing errors, 3, Range and Confidence Interval) for

Healthy Controls (n = 28) on Error Types (Count).

Continuous Series Il Verbal Fluency Mixed
Category
2-cats 3-cats 4-cats 2-cats 3-cats 2-cats 3-cats

Error type (number)

Within Sum 7 92 270 22 42 61 167
N 4 23 25 13 16 14 22
Mean 0.25 3.29 9.64 0.79 1.50 2.18 5.96
SD 0.7 3.23 6.90 1.07 2.42 3.40 6.90

Between Sum 0 5 24 8 21 0 7
N - 3 6 2 6 - 3
Mean - 0.18 0.86 0.29 0.75 - 0.25
SD - 0.61 1.74 1.18 1.82 - 0.84

3.4.4 Within category errors

A Friedman’s ANOVA revealed that for the Continu&esies Il (CS) the increase in
within-category errors as a factor of Number ofe@aries was significant?® (2) = 42.27p =
.0001. Follow up Wilcoxon signed ranks tests resedhis to be uniformly significant, CS2
to CS3,T = 0,p =.0001,2 = -0.54, CS3 to CS4, = 13,p = .0001 % = -0.55. During 4-
category switching for the Continuous Series 1I768.of within-category errors were
perseverative (repeating he last response madewiih category) and 31.3% were

sequencing errors.

A Wilcoxon signed-ranks test revealed that for Seenantic Category task there was
no significant difference between the number abrproduced when switching between
two and three categorieb= 65.50,p = .37. There was a highly significant increasthim
number of within-errors produced from two to thoa¢egories for the Mixed Category task,

T=4,p=.0001r?=-0.52.
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Errors produced when switching over 3-categorieewempared between all three
tasks using a Freidman’s ANOVA, two category switghwas less informative for this
purpose due to the paucity of errors at CS2. Aiiigmce difference was indicatef, (2) =
11.42,p = .003. Follow up Wilcoxon signed ranks tests caregd the tasks in ascending
order of number of errors — VF, CS, MX (as showitable 7) and showed the increase to
only be significant from comparing the smallest JM#th the largest (MX) number of errors,
VF to CS, VF3 to CS3[ = 52,p = .035, VF3 to MX3T = 47,p=.001,r? = -0.42, CS3 to

MX4, T=90.50p = .05.

Types of within-category errors, either repeatg.(®, Wednesday, 10Yednesday.)
or sequencing errors (e.g. 9, Wednesdaysafyrday..) were looked at overall for the two
tasks and between category types for the Mixeddoayeask. Using Wilcoxon signed ranks
tests, the number of repetition and sequencingswere found not to significantly differ for
the first two difficulty levels of the Continuou®&es Il, CS2p & CSZeq T=-1.13,p=
257, CS3p & CS3eq T =-0.19,p = .847. The most difficult level of the ContinuoBeries
Il showed a significant difference with twice asnyaepeats as sequencing errors (see
Tables 8 & 9),T =-2.57,p = .010. For the Mixed Category task there weraiaantly more
sequencing errors than repeats at both levelsfafudiy (see Tables 8 & 9), MX2, & MX2

seq T=-3.20,0 = .001, MX3ep & MX3¢eq T = -2.23,p = .026.

Looking at the categories of the Mixed Categor¥k iagdetail, to see if there was a
difference in repetition errors (signifying TSltime easier overlearned sequences) for the two
types of task, it was found that for 2-categorytsiing there was no significant difference

(see Table 9)T =-1.41,p =.157. However, for 3-category switching thergave
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significantly more repeats for the overlearned sege categories compared to the semantic

categoriesT = -3.75,p < .0001.

Table 8 Descriptive Statistics for the Within-Category Rapand Sequencing Errors for the

Continuous Series Il and Mixed Category Task.

Continuous Series |l Mixed Category task

Csz—ep CS%eq Cssep CS%eq CS4ep CS4seq MX2 rep MX2 seq MX3 rep MX3 seq

Mean 004 021 157 164 6.29 3.14 0.11 2.14 1.57 4.36

SD 019 079 233 1.77 5.84 2.46 032 3.40 1.60 6.11

CS = Continuous Series Il MX = Mixed Category task  rep = repeat seq = sequencing

Table 9 Descriptive Statistics for Within-Category Repeats only, comparing Rates for Semantic

Categories and Overlearned Sequences at eachdfevficulty.

Mixed Category task

2-categories 3-categories
Repetition gem Repetition o Repetition sgm Repetition os
Mean 0 0.07 0.04 161
SD 0 0.26 0.19 1.52
Sem = semantic category OS = overlearned sequence
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3.4.5 Between category errors

As no between-category errors were produced overcategories, Continuous Series
Il errors of this type were compared for three tmd categories using a Wilcoxon signed-
ranks test, showing a significant increase witlegatiesT = 4,p = .03,r* = -0.26. When
switching over 4-categories of the Continuous Sdli¢here were no perseverative errors
(repeating the last task); 64.29% were found tedspiencing errors and 35.71% were found

to be errors of omission.

Between-category errors were compared for all ttasks over 3- categories (MX
also producing none over 2-categories) using alfRran’s ANOVA, but revealed no

significant differencey? (2) = 2.18p = .337.

3.5 Results: Neurological Patients

Like the healthy controls, patients show a redunciiotask speech rate as the tasks get
harder (see Table 10), although this is much lessqunced for the Mixed Category task.
Switch cost also follows the pattern of increasaith task difficulty, for many starting
higher and increasing less for the Mixed Categasi.tOf note is P3 who maintained the
same task speech rate for both difficulty levelthef Mixed Category task, although this was
likely due to premature cessation over 3-categoRasient 2 showed both reduced task
speech rate and, unusually, switch cost as thediBagegory task became more difficult,

again due to premature cessation.

A number of patients were impaired on task speatsh-+ for the Continuous Series |l

P3 and P4 were impaired over 2-categories, P3oalsn3-categories and none over 4-
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categories. For the Mixed Category task P1, P3ahdver 2-categories, P1 and P3 over 3-
categories. No patients showed any notable dissotibetween the two tasks for task
speech rate. There was only one impaired switchsomse, P3 on the Continuous Series Ii

over 2-categories. Again no dissociations of nateenevident.

Generally number of errors increased as tasks beoaone difficult, although a
decrease was seen from 2-categories to 3-cateegifori within-category errors in the
Continuous Series Il for P2, possibly again dupreamature cessation and in the Mixed
Category task for P1on between-category errorgrP&ithin-category errors and P6 on

within-category errors.

A dissociation for between-category errors oveafgories on the two tasks is noted
for P6 and P7 (see Table 11); these fall in oppatirections with P6 being impaired on the
Continuous Series Il and above control performdacéhe Mixed Category task and P7
showing impairment on Mixed Category task and imptbperformance on the Continuous
Series Il. However, the positive performance iseahparable to the level of impairment
(positive scores for both patients are zero); dubé opposing hemisphere damage it is
possible that the scores of P6 and P7 are indecafia doubly dissociative trend (both
patients completed the full task). Patient 2 shawsoader dissociation between within-
category errors over 3-categories (lower than odsfor Continuous Series I, much higher
on Mixed Category task) but the lower score helis fast short of the impaired level. Patient
3 also shows a mild dissociative pattern over 2gates (Continuous Series Il lower, Mixed

Category task higher) but again the lower scormtsat the impaired level.
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When looking at the type of errors produced dudnzategory Continuous Series Il
switching, for within-category errors patients wéyand to produce 44.83% perseverative
errors (P1, P2, P3 and P4) and 55.17% sequencioig ¢P1, P2, P3 and P4). For between-
category errors they produced 17.39% perseveratioes (P1, P2 and P3), 43.48%

sequencing errors (P1, P2, P3 and P7) and 52.94%siom errors (P2 and P3).
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Table 10Raw scores and z-scores for Neurological Patients&) on Speech Rate (w/sec) and

Switch Cost (% increase).

Continuous Series Il

Mixed Category

2-cats 3-cats 4-cats 2-cats 3-cats
Task Speech rate (w/sec)
Patients
1 Raw score 0.91 0.30 0.18 0.21 0.14
Z-score -1.67 -1.80 -1.39 *-2.36 *-2.00
2 Raw score 1.31 0.46 0.33 0.27 0.25
Z-score +0.24 -1.00 -056 -1.82 -0.43
3 Raw score 0.29 0.21 0.22 0.12 0.12
Z-score *.462 *-2.25 -1.17 *-3.18 *-2.29
4 Raw score 0.77 0.42 0.08 0.25 0.18
Z-score *.2.33 -1.20 -1.94 *-2.00 -1.43
6 Raw score 1.10 0.73 T 0.34 0.30
Z-score +0.76  +0.35 -1.18 +0.29
7 Raw score 1.68 0.91 0.40 0.49 0.28
Z-score +2.00 +1.25 -0.17 +0.18 0.00
Switch cost (% increase)**
Patients
1 Raw score 4944 83.33 90.16 80.37 83.72
Z-score +1.26 -0.62 -049 -1.19 -0.65
2 Raw score 58.68 85.40 89.91 81.63 66.66
Z-score +0.27 -0.87 -0.45 -1.35 +1.97
3 Raw score 84.15 88.00 89.91 8181 82.35
Z-score *.2.45 -1.19 -0.45 -1.37 -0.44
4 Raw score 77.35 86.79 97.75 81.75 86.05
Z-score -1.72 -1.04 -1.88 -1.36 -1.00
6 Raw score 54.16 69.58 Tt 73.82 72.97
Z-score +0.75 +1.05 -0.34 +1.00
7 Raw score 49.09 70.74 88.17 71.68 78.63
Z-score +1.29 +091 -0.13 -0.06 +0.13

* = impaired at < 3D below controM
** = zgcore reversed from positive to negative

t = did not complete
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Table 11Raw scores and z-scores for Neurological Patients&) on Error Types (Count).

Continuous Series Il Mixed Category
2-cats 3-cats 4-cats 2-cats 3-cats

Error type (count)**

1 Within Raw score 1 2 14 0 4
Z-score -1.07 +0.40 -0.63 +0.64 +0.28

Between Raw score 0 0 4 2 0

Z-score ¥ +0.30 -1.80 T +0.30

2 Within Raw score 1 9 4 8 1
Z-score -1.07 -1.77 +0.82 -1.71 +7.19

Between Raw score 0 4 9 0 2

Z-score f *-6.27 *-468 T *-2.89

3 Within Raw score 1 2 6 2 3
Z-score -1.07 +0.40 +0.53 +0.05 +0.43

Between Raw score 0 1 1 6 4

Z-score T -1.34 -0.08 T *-446

4 Within Raw score 0 1 11 2 6
Z-score +0.36 +0.71 -0.20 +0.05 -0.01

Between Raw score 0 0 0 0 0

z-score ¥ +0.30 +0.49 t +0.30

6 Within Raw score 0 2 T 2 1
Z-score +0.36  +0.40 +0.05 +0.72

Between Raw score 0 2 T 0 0

Z-score ¥ *-2.98 T +0.30

7 Within Raw score 5 2 4 1 2
Z-score *-6.79 +0.40 +0.82 +0.35 +0.57

Between Raw score 0 0 4 0 2

Z-score T +0.30 -1.80 f *-2.08

* = impaired at < 3D below controM
** = zscore reversed from positive to negative
t = did not complete
¥ =z-score not computable due to control score of zero
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4 Discussion

All tasks followed general patterns predicted for increase in task difficulty for
both healthy controls and neurological pati&htSor the healthy controls, degradation in
performance in line with difficulty was much mormepounced for the Continuous Series |l,
for both rate and cost measures, than for the tthetasks (see Table 6). Verbal fluency
switching was the slowest in terms of task speatd but as predicted the Mixed Category Il
task was the costliest when compared to baselieectprate. That verbal fluency switching
results in the slowest task speech rate is to pea®d, given the slower baseline production
rate for categories (as evidenced by baseline fateke mixed task in Experiment 3, see
Table 25). Semantic category production involvesa#ic search and review of which
responses have previously been made. Task spdediesalts are entirely predictable from

examination of baseline rates for the componelktd¢ategories.

Greater cost for the healthy controls on the Migadegory Il task overall is
attributed to the combination of semantic categatg and the ‘double’ switch requirement
of changing not only to the next task but to aad#ht verbal domain (Gurd et al., 2003).
During 3-category switching, switch cost for thexilil Category Il and Continuous Series Il
tasks converges (see Figure 4), though a largeopiop of this convergence would appear to
be due to the benefit seen in 2-category switcfonghe Continuous Series II. Lack of errors
(and consequent time costly error recovery) woekhs to account in part for this benefit.
Verbal fluency switching produced three times asynaithin-category errors at this
difficulty level and the Mixed Category Il task phaced almost nine times as many (Ragland

et al. (2008), using only the 2-category compoménihe Continuous Series Il, also found

®L There were some exceptions for neurological ptibat these were largely attributed to early dimsaf
the task.
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minimal error§?). However, errors produced at the 3-category lavelalmost twice as
prevalent for the Mixed Category task as for that®mious Series Il (see Table 7), while
switch costs for this difficulty level are almodentical (see Table 6). Within-category errors
at the 3-category difficulty level evidently cofmite far less to cost for the Mixed Category
task. Another explanation would be that an add#@i@ource of cost is encroaching for the

Continuous Series |II.

Although the Mixed Category task is slower ovetladin the Continuous Series II,
presumably because of the fractionated controlgs®es needed for the differing tasks, this
cost difference is not evident over 3-category gwitg. While costs converge at this level of
difficulty the cause would seem to differ for theottasks, indicated by the variation in
within-category errors. For the Mixed Category ttsdre is no significant difference
between errors produced in semantic categoriegands produced in overlearned
sequences, although there are about 50% more Serttaart overlearned errors. If recovery
from semantic errors is faster than overlearnedeacg errors this could be a contributor.
Three-category switching involves two semantic gaties in the sequence — clarity over the
role of differing errors types would only becomeatl if the task extended to 4-categories, as
is the case in Experiment 3, Chapter 5. In additih@se two categories in effect appear next
to each other, reducing the number of times thédldoswitch (task and task type) needs to be
made. For example, “flowers — daysports—flowers— days..” It is only in Experiment 5
that the full extent of this double switch effeandoe seen. Another potential contributor to
this convergence could be the rate of increasedmtiask levels for the Continuous Series

Il i.e. increasing difficulty might have more of affect for this task.

%2 In healthy controls and individuals with schizogia
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Anecdotally there is a great difference in parétipawareness of errors which may
also account for the differing effect of such estdgrrors in overlearned sequences appear to
be noticed much more regularly than errors in séimaategories. Very often an overlearned
sequence error will be followed by gaps or slowimgesponses as awareness of an error is
gained, followed by comment on the commission efahror such as “...no, wait, that was
not right...” (Experiment 2 in Chapter 4 looks in @éat the nature of these non-target
utterances). Awareness of the error would seene fgréater due to the comparative context
of the response — returning the response ‘Wednéstsgt against the previous response
‘Tuesday’, giving some context to check the suligbof the response against. A breakdown
in this checking results in uncertainty over thegpense and backtracking to try and correct or
acknowledge the error. Conversely errors in seroaatiegories are very often made with no
indication of awareness at all. Quite often an ifesm the beginning of the task will be

repeated near the end of the task so awarenelss odpetition appears to be limited.

Comparison of the two tasks at this truncated le¥@&-category switching is
therefore of limited value in determining the diface between the two tasks and their
differing levels of involvement of top-down contr@thich must be returned to in more
length in Chapter 5. However, the Mixed Categosk tdoes allow for assessment of the
verbal switching paradigm in relation to Allportask-switch inertia (TSI) hypothesis,
whereby enduring activation of the previous moféatilt task set carries over and interferes
with establishment of the following easier task Se&tmantic categories, with their need to
search and check, are deemed more difficult toymedtems from than the automatic
overlearned sequences. If TSI was in evidenceifatbthe absence of bivalency) then there
would be a greater number of repetition errors caneqb to sequencing errors, particularly
when comparing the two types of task. Repetitionrerwould be more in evidence in the
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overlearned sequences as carryover would prevelating of the task item. There were in
fact significantly more sequencing than repetigorors for both difficulty levels of the

Mixed Category task (see Table 8). Looking in detathe Mixed Category task there was

no difference in repetition errors between the types of task for 2-category switching and
significantly more repetition errors for overleadneequences in 3-category switching. This is
particularly relevant given there are more compésemantic categories than overlearned
sequences at this difficulty level. The Mixed Catggtask therefore does not offer any

evidence thus far for carryover when comparinggasidiffering difficulty’>.

Although affordance of two tasks from one set ohati (bivalency) is noted as
relevant to the outcome of carryover effects (Mdn¥eung & Azuma, 2000), emphasis is
also placed on the differing level of difficulty tideeen tasks. There is no need to suppose that
carryover of inhibition woulanly occur for bivalent tasks, particularly if the stg¢h of
disparity between the two tasks were sufficienbdaction of the two types of word again
reflects Kahneman’s (2011) two-system model, autmnaad fast for overlearned sequences
and effortful and slower for semantic categoriesnbtll et al. (2000) note that inhibition of
the type posited by Allport, Styles & Hsieh (1994ay be switch-specific rather than just
prolonging some process that occurs when the sasrried out in a non-switching condition
(such as response selection). Thus the carryoviehifition would not necessarily be tied to
the bivalent nature of the task but instead baedlto the switching process and to the need
to overcome the level of control required for theyious harder task. Continuous
presentation of the same stimuli triggering the momneous task set (as in Stroop) would of
course make the effect stronger but part of theyoaer effect comes from the differing

levels of difficulty and differing strength of ac#tion for each task set.

83 |ssues of switch cost for the competing tasksaddressed in Experiment 3, Chapter 5.
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Patients were generally slower than controls onti@oaus Series Il task speech rate,
something which became more pronounced as thétaskme more difficult. This was more
in evidence and showed more impaired performanctéoMixed Category task. Given that
the patients were deemed to be impaired in ternes@tutive control and the Mixed
Category task is proposed to involve two fractieddlypes of control for the component
tasks, the level of impairment would seem to supiis proposition. One patient (P3) had
reported dysarthria and delivered impaired perfertesover 2 and 3-categories of both tasks
— the lack of impairment over 4-categories washaited to early cessation of the task at that
level. Slower speech rate was expected given tigeraf pathologies (Pimm, 1997; Wang,
Kent, Duffy & Thomas, 2005). However, impairmentsaseen more widely during the
Mixed Category task, possibly again in relationhte double nature of switching between
component tasks — patients would be expected te beater word finding difficulties for

the semantic categories.

More than half the patients producethsterswitch cost than the controls for 2-
category Continuous Series Il switching — only d?@, was impaired. This phenomenon
would appear to be related to the 2-category switest advantage (when compared to the
other two tasks) for the healthy controls, compaghbly a ceiling effect imposed by the
slower nature of baseline non-switching speechfaatthe patients. This advantage was not
seen at greater difficulty levels for the task. Miged Category task saw some performance
higher than controls at the 3-category level; twihe patients here ended the task one-third
in, thus not affording the chance to accrue gerearsil contributors. Generally early ending
of the task appeared to occur when mental effatieghby Azouvi et al. (2004) to be the
source of reduced switching functionality duringtshing for TBI patients) became

overwhelming, accompanied by comments such ast't dank” or “It’s too difficult to
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think”. On the Mixed Category task patients freglyeaommented they had “...run out of
words...” suggesting that semantic search may silpiterve been too effortful. Cessation of
the task often followed a run of errors, highligigtithe greater interference felt from errors in
such patients (Perlstein et al., 2005; Pohl e2@D;7; Larson et al., in press). Both these
phenomena highlight issues previously raised iaticah to the Mixed Category task, the
likeness to Kahneman’s 2-system model and the iboritsn of error recovery to cost.
System 2 requires effort and is under consciougralpevidenced by the types of comments
and early cessation seen in the Mixed Category sk would suggest that in the Mixed
Category task there is greater need for SystemtR,b@th switchingper seand one of the
component tasks being under its control. Automatociuction of overlearned sequences has
been noted as intact in populations such as Pemat{Gurd, 1995) where there is
impairment to the System 2 switching process. Regtiappear to be largely intact in System
1 but not so in System 2. It is therefore posgibleomplete switching to an extent using
System 1 but deficits in System 2 limit the exemutdf the task. Between category errors are
also widespread amongst the patients, which wauttér implicate a deficit of System 2.
Other two-system models of control specificallyidgrtask switching would also fit this
interpretation. One example is the dual-route moflehotor task switching proposed by
Imamizu, Kuroda, Yoshioka and Kawato (2004). Switghcan occur through the parietal
based parallel MOSAIC route or the frontally basedal Mixture of Experts route.

Switching can be completed by a single route inalbeence of the other, though with some
detriment”. Finally, that cessation often followed a run ofesrgives insight to the
contribution errors make to switch cost for alltppants. Clearly recovery from errors

takes time (as in the interruption resumption laged by Altmann & Trafton, 2007) — this

% The MOSAIC (Modular Selection And IdentificatioorfControl, Haruno, Wolpert & Kawato, 1999) is a
parallel modular architecture combining multiplérpaf inverse and feed forward models which cdrdral
predict motor behaviour respectively, the act otaing being governed largely by the fit of theotimternal
models themselves. The Mixture of Experts (Jacold®&lan, 1991) uses a separate switching module to,
referred to as a ‘gating network’, being more agalss with a typical executive function
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recovery period is magnified in patients who hasslresilience to interruption of the
switching process (governed in Kahneman’s modeéystem 2 which appears to be

deficient in such a population) due to less conixar that process.

Patient errors followed the general overall patt#rdetriment to performance as the
task became more difficult. There is a notable #®dissociation for 3-category between-
category errors between the two tasks involvingepéd P6 and P7 (see Table 11). Patient 6
had suffered left frontal damage and was impaire@83 and performed favourably on
MX3; P7 had right frontal damage and showed theosjpe pattern of performance. Both
patients were able and verbally competent and beddnmned well throughout the tasks (with
the exception of P6 not attempting CS4). It is tengpto relate this to work mentioned in
Chapter 4 concerning division of goal maintenaretaben the right and left APC (Charron
& Koechlin, 2010) but there is no discernable fumtal basis for the dissociation as it
stands. The PFC is involved in judging semantieptability (Dapretto & Bookheimer,
1999) and more generally in semantic responsets®meand retrieval (Thompson-Schill,
Aguirre, D’Esposito & Farah, 1999). The left infarifrontal lobe is particularly involved in
semantic processing (Bookhemier, 2002) — as sutdnp&6, who had left frontal damage,
might be expected to be impaired on the Mixed Gatetask but in fact was not. The pre-
frontal cortex (PFC) is associated with the SysPeafilities of detecting and resolving
conflict (Evans, 1999) (associated in this worlk&tween-category errors), whereas the
ventral medial PFC is associated with the mordtimuautomated System 1 responses.
However, without more detailed background on thecexite of damage it is difficult to
determine the source of the dissociation. Overkhsequences are associated with right
temporal and parietal areas but do not relate ydramtal areas (Pariyadath et al., 2008); the

double dissociation would therefore appear to msraious.
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To continue in considering healthy controls, mvsrth considering that Arbuthnott
and Frank (2000) found almost 75% of their wrongktarrors (akin to between-category
errors) to be perseverative in nature, with pgéinis failing to switch from the previous
task. In the current study (for Continuous Serigsdategory switching) this was found to
account for none of the between-category errors thi¢ majority being sequencing errors
(participants switchingp the wrong task butot repeating the previous one) and the rest were
errors of omission. All of the sequencing errorgined the swapping over of two adjacent
categories. Thus it would seem that the interpgaetaif such errors as System 2 failure
would be more appropriate — this is associated @etiecting and resolving conflict, which
would be represented by mis-ordering of the taskhis way. System 2 is rule based and
judgements reflect a comparison of options, thakaewn of which would seem to be
reflected by this type of failure. PerseverativeAs®n-category errors were seen in the
patient results, accounting for almost one fifthre# total number of between-category errors
(one third were sequencing and just over half cimmsEven excluding the possibly inflated
score of eight omission errors from one patient whutted one category from the whole
task, perseveration still only accounted for onedtbf all between-category errors. Unlike
Arbuthnott and Frank’s (2000) sample, healthy pgodéints here were always able to switch,
albeit sometimes to the wrong task. Switching tgpleas well as task in the Mixed Category
task is shown to be more time costly. The lackesspverative between-category errors
would appear to relate this to activation of theaming task rather than inhibition of the
previous (Baddeley et al., 1998). In comparisoeast to Arbuthnott and Frank’s (2000)
data the verbal switching paradigm would seemfleatthe effect of preparatory processes

more than inhibitory ones.
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8 Conclusion

In line with hypothesis 1 that cost would increastn difficulty, for all tasks and all
participants switching became more taxing as thehar of task being switched

between increased (see Buchler et al., 2008).

Cost is inevitably inflated by inclusion of erraaitd in the general task cost
calculation, although as stated earlier one ofihes of the current work is to account
for the full effects of the global switching workspe (the costs incurred by the whole
task including error production, self correctiogaps etc.). The contribution of
semantic category errors would seem to be lesyyd¢ostecover from than
overlearned sequence errors. Cost here is evidezidlied to switching rather than
error contribution, supporting the double switchtfte Mixed Category task
mentioned in hypothesis 3 and negating the greatewery time from semantic
errors predicted in hypothesis 2. The latter waddm to be more noticeable to the
participant and requires tracking back to the atrresumption point in the sequence

whereas semantic category errors may go unnoticed.

Combination of semantic and overlearned sequertega@aes has an increased
combinatory effect on switch cost stemming fromnked to switch not only task but
verbal domain, resulting in a greater time takeoaimplete reconfiguration.
Hypothesis 6 predicted a difference between tagksidt which would be more
costly. This ‘double switch’ requirement howevesuklts in fewer between category

errors as the disengagement from the previousisasire complete.
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CHAPTER FOUR: VERBAL TASK SWITCHING IN A

SAMPLE OF MONOZYGOTIC TWINS MIRRORED FOR

HANDEDNESS

1 Introduction

This chapter describes a further study carriedusintg two versions of the verbal
switching task, the Continuous Series Il and thgediCategory task (Essig, 2004). The
sample for this study is a small group of left aigtht handed monozygotic twin pairs
mirrored for handedness (MzTMH). They are assessad effort to determine whether
control was differentially applied in accordancehndisparate language lateralisation.
Literature is discussed that suggests there is $@sis for differential control for the
component tasks (semantic category and overleaegaence production) between
individuals with left and right hemisphere latesalil language. Further, there is evidence that
control for dual tasks can be split between thedefl right hemispheres, suggesting that
control of the Continuous Series Il may preserfed#ntly for the two groups in the sample.
The chapter also includes some reference to pastheorising, testing a hypothesis
suggested by the data. For clarity backgroundilitee and a relevant hypothesis are
included here, although the analysis was not detexaiat the start of the study. The
hypothesis was suggested by the number of nonttatiggances made during commission of
the task with this sample, exploring the possipiiitat the type of utterance might affect the

subsequent target response made.
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1.1 Language lateralisation and verbal task switobi

Monozygotic twins mirrored for handedness have ts®wn to have a higher than
average incidence for similar mirroring of langudaferalisation (Somner, Ramsey, Mand|
& Kahn, 2002: Lux et al., 2008) and spatial latesation (Lux et al., 2008), with strong
behavioural manifestations of such spatial diffeeen(Gurd, Schulz, Cherkas & Ebers,
2006). There is also evidence of cerebellar asymyniRbsch, Ronan, Cherkas & Gurd,
2010). Given the implicit role of language in swaiteg more generally (Monsell, 2005) and
for the Continuous Series Il in particular, suctiedences in lateralisation may have
implications for the nature of control processesreed during switching. Additionally,
processing of ordinal sequences such as days andens have been located to the right
hemisphere (Pariyadath et al., 2008) which may gitimme advantage for those for whom
this is the normal locus of language processing. Jupposition that there is a right
hemisphere temporal advantage is in line with #samption that there is greater interplay
within verbal and non-verbal abilities (and so emdenent of both) because they share a

hemisphere (Springer & Deutsch, 1993).

There is evidence that the left and right hemisghptay a different role in task
switching (Leite, Carvalho, Fregni, Boggio & Gongad, 2013). Transcranial direct current
stimulation was used to affect performance of #fiednd right PFC. It was found that
increasing LHEM activity and reducing RHEM activigsulted in decreased switch cost for
a letter/ digit naming task. Switch cost wasreasedor a vowel-consonant parity task by
the same pattern of stimulation, resulting in more-impaired performance (but with
greater accuracy). The parity task was seen as cogrratively demanding, suggesting that

the more demanding task was in part under rightisygmere PFC control. Individuals with
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right-hemisphere language lateralisation would ravatypical relationship between
language and attention (usually located in thetingimisphere but normally hemispherically
dissociated from language) (Fl6el, Buyx, Breitemsteohmann & Knecht, 2004). This
divergence of language lateralisation and attentiomthe right hemisphere for the left
handers, in conjunction with the possible right igrhere time advantage already noted,

would further suggest that left handed twins waquadform faster than left handed twins.

A number of other specific differences betweendeit right handers, some of which
are switch related, also lend credence to the gasomthat executive as well as language
processing may be carried out differently. Reladtethe already mentioned right hemisphere
advantage is the finding that mixed-handers aresratiectively able to switch between
clusters of category exemplars in a verbal fluelasik (Sontam, Christman & Jasper, 2009).
This is thought to be due to increased accesgl nemisphere processing, which is said to
be more diffuse (Chiarello, Burgess, Richards &dtil, 1990). In an extensive sample of
399 mirrored twin pairs, left handers out performigtit handers on Raven’s Progressive
Matrices (a test of reasoning) and the PeabodwiRidtocabulary Test (Carter-Saltzman,
Scarr-Salapatek, Barker & Katz, 1976). In a Strtasp, handedness-related differences in the
execution of executive control were observed (Bgr&abavilas, Papadimitriou &
Papageorgiou, 2010); left handers exhibited lessoftinterference than right handers. In a
separate task (based on the Hayling sentence coomplask, a test of executive function)
initiation and inhibition of sentence completiomgpiding a context-congruent or
incongruent completion) was found to differ betwéfhand right handers (Beratis et al.,
2010). Left handers showed greater frontal actwatiuring the initiation task and reduced
activation during the inhibition task when compatedight handers. When interpreted with

the Stroop findings (Beratis et al., 2010), thisldgoint towards more efficient executive
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control during the Stroop task. Finally, in recesrk looking at covert verbal fluency
production, left-handed twins were found to haviéedential right frontal activation from
right-handed twins but similar behavioural resulisere is clearly a different structure-
function relationship in achieving the task, whialght well manifest behaviourally during

switching.

In further tasks left handers were also more likelghow prowess in mathematical
and verbal reasoning (Benbow, 1986) and cope kb@erright handers with new knowledge
(O’Boyle, Benbow & Alexander, 1995). This affinitgr novelty is also highlighted using the
Cognitive Bias Task (a measure of context-depenegsponding, involving multiple-choice
responses in the face of ambiguity), which ideasifa strong relationship between
handedness and functional lateralisation of thetéddobes (Goldberg, Harner, Lovell,
Podell & Riggio, 1994). It is posited by Goldbemgacolleagues that there may be
gualitative differences in cognition between leftlaight handers rather than simply a
mirroring of neural arrangement. They propose lanity-seeking and novelty-seeking to be
right and left handed traits respectively and limis to the high incidence of creativity in left

handers (O’'Boyle & Benbow, 1990).

Overall this builds up to a picture of advantagepusessing, both linguistic and
executive, for left handers. There may be evideri@right hemisphere advantage —
certainly there is less interference from the caimgedominant task in the Stroop (Beratis et
al., 2010) and evidence of differential involvemehthe frontal lobes in executive tasks,
both behavioural (Goldberg et al., 1994) and ne&gichl (Beratis et al., 2009). More

recently Gurd et al. (2013) have found very simiitantal differences between left and right
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handers to those indicated by Beratis et al. (20P9pence has also been provided by
Charron and Koechlin (2010) that control of goaldhe frontal lobes (specifically the
medial and lateral frontal cortices) divide to sitaneously accommodate concurrent goals
under dual-task conditions. This includes somelaperith areas identified as asymmettic
by Lux et al. (2008). Areas of the medial frontaftex (particularly highlighted by Charron
& Koechlin, 2010) have been identified as beingoimed in intentional reconfiguration
during switching (Rushworth, Hadland, Paus & Sip#@02; Dove et al., 2000). The
interaction of such divided control with differeaity lateralised language function may well
result in differential control for the verbal tasik.conclusion, such functional and
behavioural differences would suggest that handedredated differences in RT and
accuracy (particularly executive between-categomgrs) could be expected in the

Continuous Series |II.

While not directly informing theoretical accountistask switching with which to
interpret the Continuous Series Il, investigatidmdividuals with atypical language
lateralisation will be informative about the tatdeif, which was one of the main aims of the
thesis. The two hemispheres are differentiallyuged during task switching, seemingly
related to the level of cognitive demand of th&t&8hile the Continuous Series Il utilises
automatic speech production it is nonetheless meneanding than more usual measures of
task switching. Overall it would seem there isgitihemisphere advantage for more
demanding tasks and a propensity in left-handeradeel tasks. Given that there is a
differential contribution of hemispheres to tasktshing and that production of overlearned
sequences is a right hemisphere function it woeldseful to know whether individuals with

a right hemisphere processing bias would be beltierto complete the task. Language

® The inferior frontal gyrus, posterior and antemaddle frontal gyrus
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processing is integral to task switching (Mons2li5) and particularly to the Continuous
Series Il — knowing whether the task is right hgghese dominant (by virtue of the
overlearned sequence processing) would be infovmadlti could be that right hemisphere
dominance for language interacts not only with saide lateralised attentional function but

also the splitting of frontal goal control.

1.2 Externalisation of inner speech as a self-cuidgvice

Finally it is necessary to give theoretical backgr for some emergent data that
arose while the current experiment was being aedly®lder adults (such as the current
sample) find difficulty in switching between taskempared to younger adults, possibly due
to age-related deficits in executive functioningdton, Wee, Rykhlevskaia, Leaver &
Fabiani, 2009). The use of inner speech as a seifyaevice has been noted during task
switching (Emerson & Miyake, 2003 — see page 6ihisfdocument), particularly in older
populations (Kray, Eber & Karbach, 2008). Disruptaf inner speech during switching has
been shown to increase mixing costs (e.g. Badd€lewcotta & Adlam, 2001) — mixing
costs are the RT increase for performing a repeatask within a mixed (switching) block
of trials as opposed to a single task block. Bagldahd colleagues noted that such costs are
particularly large when the switching task doesus# external cues and reliance on inner
speech is increased. The Continuous Series Ibtssjuch a cue-free task. Although it is not
subject to mixing costs (there is no task repedandwswitching) reliance on inner speech
does facilitate switching. There are anecdotal nspaturing task completion of participants
rehearsing task and item order ‘in their headsibdklabelling (naming the upcoming task in
accordance with inner speech) is akin to this ned@a@nd has been found to reduce age-

related costs (Kray et al., 2008).
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Further anecdotal evidence from the task in alkexpents shows that sometimes
task-related non-target utterances are made doomgpletion of the task (see Appendix F for
a sample of such utterances). These might be itnkcaf a rehearsal e.g. “Monday,
Tuesday, Wednesday...” or of memory loss e.g. “Wed the next category?” or be more
general in nature e.g. “This is difficult, isn’PitAlthough participants are instructed not to
say anything except the target responses, nonttattgeances still occur. When reviewing
the recordings for the twins sample it was appateattsuch utterances were more frequent.
It is hypothesised that this is related to the @ighe sample (51 years, with a number of
individuals in their later 50s or 60s) — utteranaes an externalisation of the inner speech on
which this age group more heavily rely. Older aslulée reactive control according to the
DMC model (dual-mechanisms of cognitive controhieawork) (Braver, Gray & Burgess,
2007; Czernochowski et al., 2010). Reactive contlaltes to reconfiguration and cue S-R
mappings and is slower; proactive control overgasisswitching over time (Braver,
Reynolds & Donaldson, 2003). Proactive control roaydifficult for older adults (Braver et
al., 2001). The DMC model suggests that older aduill instead rely on reactive control,
which does not require maintenance over long psraddime (Rabbitt, 1979; Braver &
West, 2008). Czernochowski predicts that oldertsdwill particularly recruit reactive
control at higher levels of difficulty. Utterancesuld therefore be indicative of reactive,
reconfiguration-based control — indeed, their contilwes seem to signify this. It is proposed
that utterances that reflect rehearsal (commordyctintent of inner and overt speech in task
switching, Monsell, 2005) will be more beneficial subsequent responses in terms of

whether an error is made as the utterance wilfoete inner speech.
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2 Hypotheses

1. There will be a right-hemisphere advantage for ity between overlearned
sequences in the Continuous Series I, such thighdmded twins (who are taken to
have right hemisphere language lateralisation) valle a lower/ faster switch cost
than right-handed twins on the Continuous Series Il

2. Similarly, because of more effective switching beg¢w clusters in semantic
categories and greater access to more diffusehiginisphere processing for the
harder task, the left-handed twins will have lowettch cost on the Mixed Category
task than the right-handed twins.

3. Following on from the general advantage for leftvdhers, there will be a reduced
level of both types of error.

4. Non-target utterances that reflect rehearsal wdlit in fewer subsequent errors than

utterances that reflect memory loss or general centsn
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3 EXPERIMENT TWO

3.1 Method

3.1.1 Design

The Continuous Series Il was again initially asedsm its own (due to the truncated
Mixed Category task) as a 2 x 3 (handedness x nuoflmategories) mixed design
measuring task speech rate (w/sec) and switch(%ogt/sec increase). Comparison between
CS and MX was as a mixed 2 x 2 x 2 design (handedxeask x number of categories),
again measuring task speech rate and switch cost. tigpe (within or between) was

assessed non-parametrically due to extreme nonaiityrof the data.

3.1.2 Participants

Thirteen pairs of monozygotic twins discordantfi@andedness (i.e. one left hander,
one right) were tested. They had been recruited ttee St. Thomas’s UK Adult Twin
Registry (Kings College London: Spector & McGred002) as part of an ongoing and
separate research programme into spatial lateealtymotor control and had all agreed to
additionally take part in the current study; indwals were recruited via postal request and
testing took place in the Neuropsychology Unitreat Radcliffe Infirmary in Oxford.
Handedness had previously been assessed usingeribandedness assessment inventory
comprised of items from both Briggs and Nebes () @rd the Edinburgh Handedness
Inventory (Oldfield, 1971). Although individual datvas not available, inclusion on the St.
Thomas’s database was confirmation that particgsaatisfied this criterion. Full
demographic data, as well as NART and digit spanesg is given in Table 9. Paired sample

t-tests revealed no significant differences betwe#rand right handed groups on NART,
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WAIS-R vocabulary or digit span measures. For GQuuaus Series Il non-target utterances a
smaller sample was used= 9, 6 right handed). For non-target utterancebenMixed
Category task a different sample was used {4, 7 right handed) — demographics are given

in Table 13.

3.1.3 Stimuli
The Twins study used the Continuous Series Il anctMCategory tasks in the same

format as for Experiment One.

3.2 Procedure

Participants completed the NART, WAIS-R and forwardi reverse digit spans as
background measures; conversational speech rataavascluded as testing sessions were
strictly time limited, due to the constraints oéttoncurrent laterality study. Presentation
order of the Continuous Series Il and Mixed Catgdgasks was counterbalanced evenly

between left and right handers.

3.3 Data distribution

Background measures and task speech rate/ swistimsasures were normally
distributed for the whole group as indicated by@taWilk test, with the exception of
reverse digit spanM(26) = 0.91p = .007, which had a leptokurtic (although not
independently significant) peak at a score of &£dmparing left and right handed

participants no measures significantly violatedmality at theo level of .01.
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Table 12Demographic and Baseline Measures for Twins Sa(mpte26).

Digit span
Twin pair Age Gender Handed- NART  WAIS- Forw. Backw.
ness 1Q R
vocab.

1-Tw27 45 F Right 114 8 7 6

2-TWwW27 45 F Left 109 8 6 4

3-Tw28 65 F Right 96 8 9 4

4 -TwW28 65 F Left 108 10 7 5

5-Tw29 55 F Right 111 11 6 4

6 — TW29 55 F Left 114 10 7 5

7—-TW30 58 F Right 116 12 6 3

8 — TW30 58 F Left 107 11 6 3

9-Tw3l 30 F Right 111 8 7 5
10 -TW31 30 F Left 113 10 7 7
11 -Twa3a2 38 F Right 108 11 6 3
12 - TW32 38 F Left 110 11 5 3
13 -TW33 62 F Right 125 15 8 6
14 — TW33 62 F Left 126 15 8 5
15-TW34 44 F Right 111 12 5 5
16 - TW34 44 F Left 110 11 5 3
17 —-TW35 66 M Right 121 15 9 5
18 - TW35 66 M Left 122 17 8 5
19 - TW36 57 M Right 106 12 8 5
20 -TW36 57 M Left 111 15 8 5
21 -Twa38 45 M Right 116 14 5 3
22 -TwW38 45 M Left 117 18 7 7
23 -Tw40 52 M Right 95 8 7 5
24 - TW40 52 M Left 97 11 5 5
25 -Tw42 41 M Right 113 11 8 8
26 —TwW42 41 M Left 115 13 8 8
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Whole
sample

Mean

SD
L-handed

Mean

SD
R-handed

Mean

SD

50.86
10.48

50.62
11.08

50.62
11.08

111.75
7.54

112.23
7.18

111.00
8.53

12.31
3.04

12.31
3.04

11.15
2.58

6.86
1.24

6.69
1.18

7.00
1.35

4.86
1.43

5.00
1.58

4.77
1.42
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Table 13Demographics for Non-Target Utterances for the @oous Series Il and Mixed Category

Task, showing Means and Standard Deviations innfaeses.

Age NART-IQ WAIS-R Digit forw.  Digit
backw.
Continuous Series Il
Whole sample (n=9) 51.56 107.56 10.00 6.78 4.78
(12.63) (6.58) (1.23)
(1.20) (1.39)
Mixed Category task
Whole sample (n = 14) 54.07 111.64 11.14 6.57 4.57
(11.27) (8.48) (2.21)
(1.34) (1.40)

All measures of non-target utterance (utterancedspast-utterance responses) were found to
be non-normally distributed with the exception obes following a memory utterance and

correct responses following a rehearsal utterance.

3.3.1 Statistical tests

Speech rate and switch cost for the tasks wergsedlusing mixed GLM ANOVAs,
2 x 3 for CS only and 2 x 2 x 2 for the CS and Mnparison, as detailed above. Covariates
were identified using a bivariate correlation asayany such variables were stratified
entered as independent factors in a second ANO\&ttibute covariance (see Experiment 1
and Chapter 2). Analysis of error types was carmigdusing the non-parametric Mann-
Whitney test. Analysis of non-target utterances sulmsequent responses was made using
Friedman’s ANOVA, the Wilcoxon signed ranks testl ine Mann-Whitney test. As for

experiment 1, any multiple post-hoc comparisonsengging t-tests used an appropriately
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adjustedx level; effect sizes were interpreted usin)é (small = .01, medium = .06, large =

.14) andr (small = .10, medium = .20, large = .30).

3.3.2 Descriptive and preliminary statistics
Task speech rate and switch cost for both taskdagied slowing/ increase as
difficulty increased. Mean scores for left and tighnders were highly similar, the only

difference being a slight increase in variancelMierright handed group.

A number of correlations between background meadamed between background
measures and factors) were indicated as follows: &yl forward digit = .44,p (two-tailed)
=.024; forward and reverse digit spar, .53,p (two-tailed) =.005; forward digit span and
CS3ate, I =.72,p (two-tailed) = .0001; forward digit span and GR4r = .48,p (two-tailed)
=.012; reverse digit span and Gx3r = .63,p (two-tailed) = .001; reverse digit span and
CS4ate, I = .45,p (two-tailed) = .020. Reverse digit span was theeetonsidered as a

potential covariate for task speech rate analysfs o

3.4 Results

3.4.1 Task speech rate

In the Continuous Series Il task there was a sicant effect of number of categories
(see Table 14 for meang),= .07,F(2, 23) = 151.36p = .0001,1“)2 = .93with rate reducing
significantly across the task as the number ofgmates increased, C3g to CS3ye, t1(25) =
14.95,p =.0001r = 0.95, 95% CI (0.54 — 0.71); C&2t0 CS4ate, t(25) = 17.85p = .0001,

r =0.96, 95% CI (0.73 — 0.92); CQ31t0 CS4ue, t(25) = 10.02p = .0001,r = 0.89, 95% CI
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(0.16 — 0.25). There was no indication of any iretefent effect of handedness (left & right
M = 0.78) on task speech rakgl, 24) = 0.001p = .979 nsnp2 =.0001and predictably from
such results no interaction with number of catezgi = .97,F(2, 23) = 0.31p =.738 ns,

npz =.03.

Table 14Descriptive Statistics for Task Speech Rate (w/eadfontinuous Series Il and Mixed

Category Tasks for Left and Right Handed Monozygdtvins (group n = 26).

Continuous Series Il Mixed Category task
2-cats 3-cats 4-cats 2-cats 3-cats
Task speech rate (w/sec)
Left handed Mean 1.27 0.65 0.43 0.47 0.28
SD 0.16 0.14 0.15 0.12 0.07
Right handed Mean 1.25 0.64 045 0.40 0.29
SD 0.19 0.18 0.17 0.09 0.08
L-H rate:M = 0.67,SE= 0.02 R-H rate:M = 0.65,SE= 0.02
L-H CS rateM = 0.96,SE= 0.04 R-H CS rateM = 0.95,SE= 0.04
L-H MX rate:M = 0.38,SE= 0.02 R-H MX rate:M = 0.35,SE= 0.02
L-H 2-cat rateM = 0.87,SE=0.03 R-H 2-cat rateM = 0.83,SE= 0.03
L-H 3-cat rateM = 0.46,SE= 0.03 R-H 3-cat rateM = 0.47,SE= 0.03
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Figure 5 Task speech rate interaction of task tyf@gontinuous Series Il and Mixed Category task)

and number of switching categories (2 and 3) for @ twins sample (N = 26)

The analysis of task speech rate for CS was ravitinthe inclusion of reverse digit
span as an independent factor (with similar casaspgd together) to determine the degree
of covariance it accounted for in isolation frone tiepeated measures factor of Number of
Categories. Scores were grouped as Low (score®ofiN = 9,M = 0.71), Medium (scores
of 5,N=11,M = 0.79) and High (scores of 6, 7 o8+ 6,M = 0.87). Reverse digit span
was found to have some independent effect on faséch ratef-(2, 20) = 3.67p = .044,%2
= .27, but did not differ significantly according handedneds(2, 20) = 0.23p = .801 ns,
np” = .02, nor interact with Number of Categories .77,F(4, 38) = 1.33p = .276 nsp,” =

2.
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Comparing the two tasks confirmed that task speaiehwas significantly slower for
the mixed taskA = .05,F(1, 24) = 440.41p = .OOOl,np2 = .95, and that switching over 2-
categoriesNI = 0.85) produced a faster rate than over 3-caieg@® = 0.46),A = .09,F(1,
24) = 255.93p = .OOOl,np2 =.91. The two factors produced a significantriatéon (see
Figure 5) with an increase in switching categoc@ssing a greater reduction of task speech

rate for CS compared to M), = .20,F(1, 24) = 98.64p = .0001,n,” = .80.

Again handedness was not found to have a signtficdependent effecg(1, 24) =
0.48,p= .500,%2 = .02, nor significant interactions with task type- .99,F(1, 24) = 0.07p
= .798 nsp,” = .003, number of categoriés= .96,F(1, 24) = 1.04p = .318 nsp,” = .04,
nor did the previously identified interaction betmethese two factors differ according to

handednesa = .98,F(1, 24) = 0.58p = .452 nsy,” = .02.

Running the expanded analysis on the cross taska@ason revealed that the
potential covariate effect of reverse digit spam& M = 0.61, MediumM = 0.67, HighM =
0.69) was not realised independeri(g, 20) = 2.30p = .126 nsnp2 =.19 and this did not
differ according to handedneBg, 20) = 0.83p = .452 nsn,o2 =.08. Additionally there was
no interaction with Task Typ& = .77,F(2, 20) = 3.02p = .072 nsnp2 = .23 or Number of
Categories\ = .91,F(2, 20) = 1.04p = .372 nsn,o2 =.09; the interaction between these two
repeated measures factors also remained the sgarelless of digit span scofe= .89,F(2,

20) = 1.24p = .311 nsp,° = .11.

201



3.4.2 Switch cost

For the Continuous Series Il task there was a fsogmit effect of Number of
Categories (see Table 15), on switch cast,.11,F(2, 23) = 97.29 = .OOOl,np2 = .89,
confirmed as significant at all levels, G&2to CS3os; t(25) =-10.49p = .0001r = 0.90,
95% ClI (-19.67 — -13.21); CSR:t0 CS4os; 1(25) = -14.46p = .0001 = 0.94, 95% ClI (-
29.30 — -21.99); CS&ito CS4os; t(25) =-8.32p =.0001y = 0.85, 95% CI (-11.48 — -

6.93).

Again there was no significant independent effé¢ttamdedness over the three levels
of the Continuous Series Il tadik(1, 24) = 0.004p = .95 ns,np2 = 0001, and no significant

interaction with the Number of Categoridsz= .92,F(2, 23) = 1.05p = .365 nsn,o2 =.08.
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Table 15Descriptive Statistics for Switch Cost (% w/sea@ase) on Continuous Series Il and Mixed

Category Tasks for Left and Right Handed Monozygdtiins (group N = 26).

Continuous Series |l

2-cats

Mixed Category
task

3-cats 4-cats 2-cats 3-cats

Switch cost (% increase)

Left handed Mean 62.00
SD 6.74

Right handed Mean 61.05
SD 10.60

77.12 87.76 7141 79.37
6.70 4.40 8.12 5.20

78.81 86.59 7493 78.33
8.42 5.40 6.24 6.80

L-H cost:M = 72.48 SE=1.48

L-H CS costM = 69.56,SE= 2.01
L-H MX cost:M = 75.39,SE= 1.52
L-H 2-cat costM = 66.71,SE=1.82
L-H 3-cat costM = 78.25SE=1.57

R-H cost:M = 73.28 SE= 1.48

R-H CS costM = 69.93,SE=2.01
R-H MX cost:M = 76.63,SE= 1.52
R-H 2-cat costM = 67.99,SE= 1.82
R-H 3-cat costM = 78.57,SE= 1.57

Cross task comparisons indicated switch cost tsidgr@ficantly higher for the mixed
task,A = .55,F(1, 24) = 19.98p = .0001,11,02 = .45 and to increase in line with Number of
CategoriesA = .22,F(1, 24) =87.11p= .OOOl,np2 = .78, with a significant interaction
between the two presenting as a much greater efféctreasing the number of categories

for CS, as seen in Figure 8,= .45,F(1, 24) = 29.98p = .0001,1“)2 = .56.

Once again handedness failed to have a signifindependent effecE(1, 24) =
0.15,p= .703,n|02 =.01 and did not significantly interact with tase A = .99,F(1, 24) =
0.10,p = .759,n,° = .004 or number of categorias= .99,F(1, 24) = 0.17p = .688,n,° =
.01. The interaction between these last two fada ot differ for handednegs= .88,F(1,

24) =3.71p=.079n,° = .12.

203



80.00- Task
' —cs
- MX

©
®
® 75.007
S
)
£
R
0
@
0
Z 20001
-t
®
o
o
<
G
=
2
®
S 65.001
o
=

60.00]

T T
2-categories 3-categories

Number of Categories

Figure 6 Switch cost interaction of task type (Camious Series Il and Mixed Category task) and

number of switching categories (2 and 3) for whdigins sample (N = 26)

3.4.3 Within category errors

For Continuous Series Il the number of within catggerrors (see Table 16) made
when switching between 2-categories was signiflgagreater for right handed participants
U=43.00z=-2.6,p=.012r = .51, but there was no significant differencelfandedness
over 3-categoriedl = 72.50,z = -0.62,p = .550 ns or 4-categoriés= 80.50z=-0.21,p =
.849 ns. Errors on the Mixed Category task diddibér according to handedness for either
2-categoried) = 62.50,2=-1.23,p = .230 or 3-categoridd = 78.50,z=-0.31,p = .7609.

Overall 62.71% of within-category errors were peesative (65.31% right handers and
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59.49% left handers) and 37.29% were sequencing943é right handers and 40.51% left

handers).

3.4.4 Between category errors

Left-handed participants made no between categooyseduring the Continuous
Series Il, with right handers producing errors areee and four categories. However, the
difference between the two groups was found todsesignificant at both difficulty levels:
3-categorie®) = 78.00,2=-1.00,p .762; 4-categoried = 71.50,z= -1.44,p = .511. For 4-

cateogory switching 66.66% of errors were sequenaimd 33.34% errors of omission.

On the Mixed Category task, between category ewere observed to increase in
line with Number of Categories for the left handgdup but decreased for the right handed
group; however, the number of errors made wasowotid to be significantly different
between the two groups for either 2-categodes 78.50,z = -0.56,p = .989 or for 3-

categoried) = 77.50,z= -0.65,p = .740.
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Table 16Within and Between Category Errors (Sum, N, Minimaind Maximum Scores) for Left

and Right Handed Monozygotic Twins (Group N = 26).

Continuous Series Mixed Category task
2 3 4 2 3
Within category errors
Left Sum 1 43 79 34 74
N 1 9 11 8 11
Mean 0.8 3.31 6.08 2.62 5.69
SD 0.28 3.77 5.06 3.60 6.13
Right Sum 16 54 100 23 87
N 7 10 11 4 10
Mean 1.23 4.15 7.69 1.78 6.69
SD 1.48 412 7.91 3.40 8.06
Between category errors
Left Sum - - - 2 5
N - - - 1 2
Mean - - - 0.15 0.38
SD - - - 0.56 1.12
Right Sum - 1 5 3 1
N - 1 2 2 1
Mean 0.08 0.38 0.23 0.08
SD 0.28 1.12 0.60 0.28

3.4.5 Analysis of non-target utterances

All test sessions for both tasks were transcreogd were initially analysed using
content analysis. Non-target utterances were él@dsiccording to 4 pre-determined
definitions — evidence of Memory Lapse (e.g. “I'taemember what comes next”),
evidence of Rehearsal (e.g. “Days come next”),enae of a Correction (e.g. “No, | meant

Tuesday”) and Other (e.g. “This is difficult”).

For the Continuous Series Il initial comparisorita values for the four utterance
types using a Friedman’s ANOVA showed that thers waignificant difference between
them,y*(3) = 11.03p = .012. Post-hoc comparisons using the Wilcoxgnesi ranks test

(with a Bonferroni adjusted of .008) showed that none of the individual congzars were
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significant at this more stringent significancedke\As Correction utterances and Other
utterances scored only 2 and 1 responses resgdgdtiwas decided to exclude these from
any further analysis and concentrate instead driesnory and Rehearsal utterances. A
Wilcoxon signed ranks test comparing these showedlifference between these two not to

be significant,T = 4.42,p = .624.

Responses following utterances for the Continugerses Il were classified as correct,
self-corrections or errors. For memory and rehéatserances no self-corrections were
returned. Comparison of Correct and Error respoftsddemory utterances showed that
there was no significant difference= 4.50,p = .157. Comparison of Correct and Error
responses for Rehearsals showed that there wgaificsint differenceT = 4.50,p = .026,

with far more correct subsequent responses tharmserr

There was no significant difference for any measwken comparing between
handedness for the Continuous Series Il. Using Mafhitney tests there was no significant
difference between memory utterandgs; 7.00,p = .480, no significant difference between
rehearsal utteranced,= 5.00,p = .248, no significant difference between corresponses
following a memory utterancél = 9.00,p = .988, between errors following a memory
utterancelJ = 5.50,p = .317, between correct responses following aaetad,U = 6.00,p =

414 or errors following a rehearstdl= 6.00,p = .157.
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Table 17Descriptive Statistics for Non-Target Utterancethim Continuous Series |l.

Utterances Post-utterance responses
Mem Reh Corr Other Mem, Memy, Reho Reh,,
Whole
sample
Mean
1.56 1.22 0.22 0.33 0.56 1.00 1.67 0.11
SD 1.13 1.48 0.44 1.00 0.73 0.71 1.32 0.33
Sum 14 11 2 3 5 9 15 1
N 9 4 2 1 4 6 6 1
Left
handers
Mean
2.00 2.00 0.67 0.00 0.67 1.33 2.00 0.33
SD 1.73 1.73 0.58 * 1.16 0.58 1.73 0.58
Sum 6 6 2 0 2 4 6 1
N 3 2 2 0 1 3 2 1
Right
handers
Mean
1.33 0.83 0.00 0.5 0.5 0.83 1.5 0.00
SD 0.82 1.33 * 1.23 0.55 0.75 1.23 *
Sum 8 5 0 3 3 5 9 0
N 6 2 0 1 3 4 4 0
Reh = rehearsal Corr = correctionfect Err = error

Mem = memory

* = non-calculable due to constancy
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For the Mixed Category task initial comparisontuf values for the three utterance
types (no corrections were returned) using a FredshnANOVA showed that there was a
significant difference between thef(3) = 28.45p < .0001. Post-hoc comparisons using
the Wilcoxon signed ranks test (with a Bonferradjuatedo of .002) showed that there was
a significant difference between Rehearsal and Mgnio=2.00,p = .002 with there being
more Rehearsal utterances than Memory and a signifdifference between Other and

Rehearsal = 7.58,p = .004 with there again being significantly morehBarsals.

Responses following utterances for the Mixed Gatgtpsk were classified again as
correct, self-corrections or errors. For memory eettkarsal utterances no self-corrections
were returned. Comparison of Correct and Errorarses for Memory utterances showed
that there was no significant differendes 4.80,p = .366. Comparison of Correct and Error
responses for Rehearsals showed that there wgaificsint differenceT = 2.00,p = .003,

with far more correct subsequent responses thamsgisee Table 18).

In comparing handedness there is only one sigmifidifference, between errors
following rehearsal utterances with left-handexsrisigy more errors than right handers, who
scored zero (see Table 18)= 3.50,p = .004. The rest of the comparisons are non-
significant: memory utterancés= 21.50,p = .674, rehearsal utterancés= 18.00,p = .401,
correct responses following a memory utterakte,23.00,p = .827, errors following a
memory utterance) = 17.50,p = .254 and correct responses following a rehedudsal

23.50,p = .895.
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Table 18Descriptive Statistics for Non-Target Utterancethiem Mixed Category Task.

Utterances Post-utterance responses
Mem Reh Other Mem, Memy, Rehor Reh,
Whole
sample
Mean
0.79 3.43 0.36 0.50 0.29 2.79 0.64
SD 0.70 2.03 0.84 0.65 0.47 1.72 1.08
Sum 11 48 5 7 4 39 9
N 9 13 3 6 4 13 6
Left
handers
Mean
0.71 3.86 0.29 0.57 0.14 2.57 1.29
SD 0.76 1.77 0.49 0.79 0.38 0.98 1.25
Sum 5 27 2 4 1 18 9
N 4 7 2 3 1 7 6
Right
handers
Mean
0.86 3.00 0.43 0.43 0.43 3.00 0
SD 0.69 2.31 1.13 0.54 0.54 2.31 *
Sum 6 21 3 3 3 21 0
N 5 6 1 3 3 6 0
Mem = memory Reh = rehearsal Corr = correction/ext
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4 Discussion

Task speech rate, switch cost and number of efwotsoth tasks followed the same
pattern as for Experiment 1, in that performanderit@ated as the task became more
difficult. The Mixed Category task produced slowask speech rate and greater switch cost
than the Continuous Series Il — there was greaspadty between 2-category and 3-category
switching for the Continuous Series Il on both nueas, with the Continuous Series |l
exhibiting a seeming advantage for 2-category switgand cost measures for both tasks
converging at the 3-category difficulty level, tlgbuthis convergence must again owe
something to the degree of advantage for the Cootis Series Il over 2-categories.
Comparative paucity of errors for the Continuoug&3ell was again noticeable over 2-
categories (over three times fewer than for thea@diategory task). Left and right handers
did not display any significant difference for @tlrate or cost. Switch cost for the two tasks
shows an almost identical pattern as seen in Exyerti 1 with greater cost for the Mixed
Category task again seemingly attributable to ttaiteonal domain switch (Gurd et al.,

2003).

Right handers were more error prone in some camditihan left handers on the
Continuous Series Il. Within-category errors agallowed the pattern of increasing with
task difficulty for both tasks — right handed peiggants made significantly more within-
category errors over 2-categories for the Contisuseries Il. Number of errors again
increased with difficulty for the Mixed Categoryskabut with no significant difference
between left and right handers. Although left-hahparticipants had the advantage in that
the committed no between-category errors on thdi@Qawus Series ll, this difference was

found to be non-significant. Between-category exsgere found to increase with task
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difficulty for the left handers but decrease foe tight handers during the Mixed Category
task, although no significant difference was folmetiveen them at either difficulty level. On
Continuous Series |l 4-category switching most imittategory errors were perseverative,
whereas just over a third were sequencing erragairAno between-category errors were
perseverative, with sequencing errors accountingwfo thirds and the rest being omission
errors. The lack of between-category perseveratgain confirmed that participants were
always able to switch task, unlike Arbuthnott amdrfk (2000) where most errors of this type
indicated a failure to switch. Clearly inhibitiohthe previous task is more successful in the
verbal paradigm than for the two-choice decisi@k$gmade relating to letters, digits and
symbols) in the Arbuthnott and Frank (2000) studythe PDP model proposed by Gilbert
and Shallice (2002) perseveration was avoided bByramg each trial did not start with task
demand units in the same state as the precedaigtire continuous switching of tasks would
seem to be an implementation of this facility. Edaghl’ in the PDP model can be equated to
a switch from one task to the next in the verbaag@m which must necessitate starting at a
different point — the preceding task is never réggdand the upcoming one must always be
different. Perseverationithin a task can occur as memory for the last stateadfitem fails

to update but this never translates to perseverbgtweertasks as a switch must occur at
every response as each switch (trial) require$farent state to the one previously delivered.
Each switch acts as a ‘place holder’ for a new tagkthe nature of the item produced within

that task is subject to memory for the last itedpiced for that category.

There is a slight advantage for the left handedigiia terms of errors in the
Continuous Series Il. That this advantage did mesgnt itself during the Mixed Category
task is surprising as studies which have identiisgnmetric language lateralisation have
used semantic categorisation tasks rather thas tdgising overlearned sequences (e.g.
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Sommer et al., 2002). However, the answer mayaétainternal representation of the
sequential overlearned sequence categories. Alftaiss’ (although switching is continuous
the sequence of 2, 3 or 4-categories has a begimpaimt which becomes embedded within
the continuous cycle) begin with the category ‘nensh which are known to be represented
spatially from left to right (Fias & Fischer, 200&)d are subject to the SNARC effect
(Dehaene et al., 1993) whereby numbers and respbiase parity leading to improved RT
along a low-high/ left-right number line. Theresgdence of the influence of handedness in
the SNARC effect, with left handers showing theeefff(in a number parity task) which was
absent in right handers (Fischer, 2008); this studyrer found that finger tapping
contributed to the spatial representation of nuss&apping’ in mid air or counting using
the fingers of one hand are common occurrencesgltiie more difficult levels of the
Continuous Series Il. It may therefore be possiée left handers have an advantage in the
numbers-led sequence of the Continuous Serieshiainthey are better able to ‘anchor’ the
sequence. Experiment 4 in Chapter 6 looks in metaildat the effect of category order in

determining switch cost and error rates.

Additionally, as previously noted, there is evidericat the frontal cortex can divide
goal maintenance in dual task conditions (Charrdfdog&chlin, 2010). The areas involved in
this (the medial and lateral frontal cortices) paeticularly relevant for intentional
reconfiguration; the left APC is also implicatedsemantic encoding in language tasks
(Posner et al., 1988). Language is known to belwaebin switching outside of the verbal
paradigm by means of self instruction which Mon§21l05) says supports reconfiguration. If
language is right or bi-lateralised in the left ad twins then there may be a temporal
advantage between right hemisphere processingesfearned sequences (Pariyadath et al.,

2008) and frontally-mediated reconfiguration, résglin fewer within-category errors and
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no between-category errors for the left handedgwiiat the advantage is seen in error
production but not switch cost would tie in witlskarelated semantic features rather than
relating to switching; thus the left handed groapédnan advantage for task production but
not switching. Work completed since the currentlgtwas carried out concurs with the
finding of no behavioural Continuous Series Il drfnces (rate or switch cost) for left and
right handed twins (Gurd & Cowell, 2013). That stuged a larger sample of 25 twin pairs,
suggesting that the current findings are not sindoly to a smaller sample size. The current
study can confidently propose that there is no RfE@nce in task switching between left

and right handed twins.

The change in within-category errors (between-aategrrors being rare in all
instances) from 2 to 3-category switching is mueteger for the Continuous Series Il with
errors increasing almost six-fold — errors incretseefold for the Mixed Category task; this
would undoubtedly account for some of the advantddkee 2-category level. However, the
much faster task speech rate for Continuous SBr&esategory switching, around three
times as fast as for the Mixed Category task, mefgct more than the difference of 40 in
error production at this level and more than thelde-switch ‘disadvantage’ for the Mixed
Category task. Previous work (Gurd, 1995) usedeameeasure of seconds per word rather
than words per second, finding less of a pronounidéelrence from 2 to 3-category
switching. Gurd and Oliveira (1996) using a woréds gecond measure had results more on a
par with the current study. It is possible that¢bafiguration of the categories facilitated
easier switching as several participants appendideasuffix to the numbers responses in
the 2-cateogry switching condition, although wheesiioned none were conscious of having
done this. If the sequence were being thought ebme way as a date this could have
provided a more concrete implicit cue than the sskuence alone; implicit cues as
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presented by task sequence remain relatively urgdte(Koch, 2008) and anything
facilitating this affect could have reduced switdst. Again, this phenomenon is further

explored in Experiment 4, Chapter 6.

The question remains — why was there no advantadeft-handed twins when one
was so strongly indicated? Clearly there is notrlggmisphere temporal advantage in having
language lateralised to the same side as overlgaetpience processing. There is of course
the possibility that not all left-handed twins weight-hemisphere lateralised for language.
One study using fMRI, for example, shows only 1006®left handed individuals tested to
be fully right-hemisphere lateralised with a furtid% showing bilateral activation (Pujol,
Deus, Losilla & Capdevila, 1999). While right laaésation is more prevalent it is certainly
not universal. It could be that the contributiortlud left hemisphere is more implicit in task
switching and so right-hemisphere language/ overezhsequence lateralisation can only
have a limited effect. Higher costs have been shoveft-PFC damaged than right-PFC
damaged patients (Mecklinger et al., 1999) bug iat possible to extrapolate this from the
contribution of impaired left-hemisphere languagection. Other work has linked left
frontal damage to impaired top-down control of taskand right frontal damage to impaired
inhibition of the previous task set (Aron, Mons&hjhakian & Robbins, 2004). If the
Continuous Series Il is under the control of acteeonfiguration then left-frontal mediated
top-down control would be implicit to the task. T¢mncentration of processing in the right
hemisphere may not be such an advantage as fiestefen as the task is not fully ‘right-

sided’.
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Finally, there was again no effect of handednesswvéxamining non-target
utterances and their subsequent responses — thditiatence found was that left-handed
twins scored a total of 9 errors after a rehearbareas the right-handed twins scored no
errors. If anything the advantage would have beedigted for the left handed twins, in line
with the right-hemisphere advantage and generalgssong advantage outlined in the
introduction. It is unclear why left-handed twirtgosild commit more post-rehearsal errors,
nor why this should be the only area of differerla@king at the sample as a whole there are
marked effects of the type of utterance made. k®Continuous Series Il, while there was a
general difference (although not identified paisyibetween the types of utterances made,
there was a definite benefit of committing a rekabhutterance — these were far more likely
to be followed by a correct response. For the Migategory task there were significantly
more rehearsal than memory lapse utterances amndthgae were far more likely to lead to a
subsequent correct response. It would seem, threraf@t rehearsal utterances are reflecting
and enhancing inner speech, which is used as-awsalig device — according to Monsell
(2005) such verbal self-instruction assists in néigoiration of task set. Interfering with self-
instruction has been shown to have a detrimentattedn switching (Goschke, 2000) but
verbalisation concurrent to the task does not Isarel an effect. The current experiment
looked at the effect on subsequent responses radn@iswitch cost (measures of general
switch cost are not informative about subsequem-tbased performance) but undoubtedly
errors are more time consuming (particularly fa @ontinuous Series Il, see ‘Discussion’ in
Experiment 1). The time taken to make the utterafi@®urse adds to general cost, but if this
is in accordance with inner speech then is likelipeé no more time consuming overall, being
merely an external manifestation of preparation@ednfiguration processes. Overt verbal
rehearsal would not be considered to relate taatsle set inertia (TSI) hypothesis (Allport,

Styles & Hsieh, 1994) as overt rehearsal refldesipdatingof a category or item rather
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than the endurance of the preceding one — it ectime progressive process. Thus the current

findings would concur with Monsell (2055) that valisation reflects active reconfiguration

and demonstrates that such processes can stillshbeeeficial effect when they occur

spontaneously rather than as an instructed prodédbhseugh Monsell (2003) states that

benefits from verbalisation would disappear withgbice they would apply to the Continuous

Series Il as it is a very novel and unpractisel.tas

5 Conclusion

Despite the small sample size and ensuing low ptivege is confidence in the
findings due to the duplicate findings with a largample size from Gurd & Cowell
(2013)

The verbal switching tasks seem to offer a reliadghod of measuring costs using
continuous real time switching with increasing levef difficulty; the Mixed

Category task is costlier due to an additional gwiietween verbal domains as well
as tasks.

Inhibition of previous task, as evidenced by theemite of perseverative between-
category errors, was consistently successful whetctsing between verbal tasks; the
majority of errors are task related and so notaative of switching processes.

The sample may not be sufficiently right hemispHateralised for language or the
left hemisphere may be more integral for top-downtiol, indicating the Continuous
Series Il is more related to a reconfiguration aot@f switching and there is no right

hemisphere advantage. Consequently there is nmdupp hypotheses 1, 2 or 3
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which all predicted an advantage for left-handegh(rhemisphere dominant)
participants.

In support of hypothesis 4 (that rehearsal uttezameould result in fewer subsequent
errors), non-target utterances that reflect rela¢éos the task seem to mirror inner
speech rehearsal and have a beneficial effectlmeguent responses. This is again

indicative of reconfiguration processes.
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CHAPTER FIVE: EXTENSION OF DIFFICULTY LEVELS

FOR THE MIXED CATEGORY SWITCHING TASK AND

ASSESSMENT OF ASYMMETRY

1 Introduction

This chapter describes comparison of the Contin@muiges Il and mixed task, this
time using the novel Mixed Category Il task whiskektended to include a four category
switching condition. This allows for further invegition of the convergence between the two
tasks at the 3-category switching level, as sedfxperiments 1 & 2. Three-category Mixed
Category switching was more heavily biased towarisantic categories (semantic-
overlearned-semantic). If errors in semantic caiegavere more quickly recovered from (by
virtue of their lack of sequence positioning) tt8oategory switching for the mixed task may
not provide a true picture of mixed switching co3two further issues relating to the tasks
are also considered. One is the phenomenon ndticechot commented on) in the first two
experiments of within-category errors mostly ocimgmwithin the category ‘days’,
particularly as difficulty increases. Stimuli ratliban switch related explanations are
considered. The second issue considers possiblanettipns of switch cost in verbal task
switching. Because the Mixed Category |l task s tasks of differing difficulty it is
possible to see whether there are differential siowsts (asymmetric or otherwise) between
semantic categories (harder task) and overleamguaesices (easier task). This might

emphasise inertial effects already implicit to thask.
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1.1 Contributory factors to ‘days’ producing the gatest number of errors

It has previously been noted with the ContinuouseSdl that within-category errors
are far more likely to occur within the categorayd’. In Experiment 1 ‘days’ produced
significantly more errors than the other categoine3- and 4-category switching. In
Experiment 2 this occurs only for 4-category swittgh There seem to be two obvious
sources for this error weighting. Either somethabgut the category itself attracts more
errors, or the category’s position within the task may contribute to this. That this does not
occur at every level of switching might suggest esmombinatory effect — the level of
difficulty may also be contributing. The positiohtbe category is addressed in Experiment
4, Chapter 6 — a full answer to the question will Ine possible until then. However, the issue
of error distribution is formally addressed withims chapter — literature relating to the

features of the category is addressed here.

Recently Kray, Karbach & Blaye (2012) utilisedraal stimulus set size\(= 4),
with the assumption that this would result in sg@ntask-stimulus priming, increasing the
need for control. Rogers & Monsell (1995) previgustated that use of small sets of stifffuli
actually resulted in stronger associations betvoees, attributes of the stimuli and responses
than would be found with larger sets. The assumptias that stronger associations would
impair the ability to reconfigure task set, requdtin greater cost. Looking at error rates, Kray
and colleagues found that the small set size didad require more control as it produced

worse conflict adaptatiShduring repeat trials and larger interference cfistsome

 Common in developmental studies to make the tasiee

57 Conflict adaptation was measured using the Gratffatt (Gratton, Coles & Donchin, 1992) whereby
interference costs are smaller following incomgatthan compatible trials. The effect is explaitgdhe need
to exert more control to ignore irrelevant inforinat More attention is therefore directed towasubsequent
trial, resulting in less interference (e.g. as desd by Botvinick, Braver, Barch, Carter & Coh@001
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participant&®. In the Continuous Series Il the category ‘daysitains only 7 stimuli,
compared 12 for ‘months’, 26 for ‘letters’ and a §geater number for ‘numbers’. Given the
assumption that greater control is needed for dlenst size, it might follow that this would
also result in more errors. Braver, Cohen & Ba@®0@) concur that in situations requiring
greater cognitive control more errors are committBeactive control, part of the DMC dual
mechanism account (e.g. Braver, Reynolds & Donald2003; Braver & Hoyer, 2008)
involves error monitoring after the fact (AlexandeBrown, 2010). Commission of an error
is followed by longer RT (Laming, 1979) — error aomsion therefore involves greater
subsequent control. Thus it could be that the greaimber of errors in the category ‘days’ is
caused by the small set size. This could occunigttbe more difficult levels due to greater

demands on cognitive control.

1.2 Asymmetry and the mixed category task

The Mixed Category Il task allows for comparisortagks of differing difficulty
Semantic category production is more effortful agguires inhibition of past responses
(Kellett et al., 2011), thus there is potential i@nsient inhibition to be a source of cost in
the Mixed Category Il task. This would be in theeatce of bivalency (one stimulus
affording two task responses) but would excludesaithditional source of cost that bivalency
brings, important in considering general switchtcdle current study calculates ‘local’ cost,
not for individual responses but for individual @gdries within the task i.e. general cost for
each category individually. Although inhibition widunhot be at the same level for univalent
stimuli, there is still the potential that it woubdcur. Some descriptions of task switch cost
cite relative differences in task activation asgbarce of asymmetry (e.g. Yeung & Monsell,

2003). Asymmetry is most readily associated wittksathat afford competing responses but

% The sample was made up of children and youngsidult
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some portion of the effect is related to the diffgrlevels of difficulty and the differing
involvement of control processes. More effortfudrgantic) task production could well

endure and affect overlearned sequence producyieirtie of differing difficulty.

2 Hypotheses

1. Following previous results, performance for botkgawill deteriorate as the task
becomes more difficult.

2. Similarly following Experiments 1 & 2, the Mixed €mory Il task will be more
costly than the Continuous Series Il — this willgaticularly noticeable in 4-category
switching.

3. In both tasks the greatest number of errors wituoén the category days, relating
perhaps (but not exclusively) to the smaller catgget size.

4. There will be a difference in local switch costgtper individual category) between
semantic categories and overlearned sequencesdt tlear whether inertial effects

will be present, so no directional prediction isdaa
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3 EXPERIMENT THREE

3.1 Method

3.1.1 Design

The study was a repeated measures 2 x 3 desiginefassessment of Task Speech
Rate (w/sec) and Switch Cost (% w/sec increasef), factors of Task Type (CS, MX) and
Number of Categories (2, 3, 4). Local Switch Costifidividual categories was compared
within each of the difficulty levels using a single faabd Category Type with 2, 3 and 4
levels as appropriate, to assess the relativeibatibn of categories at different levels of
difficulty. Within and between category errors,atised error production (errors per
Category Type) and self corrections were assesmgolgly as single factors of 2 or 3 levels

within Task Types (CS, MX) appropriate to the digition of the data.

3.1.2 Participants

The sampler(= 33, 27 females) was made up of undergraduatshpfygy students
from the University of Hertfordshire, who receiveaurse credit for taking part, and
individuals recruited from outside the Universiyho received no reward for their
participation. All were right handed native Englsbeakers, screened according to the
criteria set out in Chapter 2. Demographic and gemknd test results are given in Table 19.
From the originally recruited sample of 39, fouravexcluded from the final analysis for
failing to complete at least 70% of the task astdhges; two were excluded due to very low
scores for NART (approx. 70 predicted 1Q) suggestindisclosed non-compliance with
screening criteria. All participants were right dad native English speakers and had been

screened according to the criteria set out in Glreht
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Table 19Descriptive Statistics of Demographic and BackgobMeasures for Cross Task (N = 33),
and Mixed Category Il Task (N = 20) Samples.

Age NART WAIS-R  Digit span Digitspan Conv.
vocab. forward reverse speech
(w/sec)
Cross task
(N =33) Mean 22.61 102.00 10.94 6.94 5.39 2.64
SD 6.13 7.28 2.32 1.32 1.06 0.59
Local cost
MX (N = 20) Mean 22.30 103.55 10.80 7.25 5.55 2.51
SD 5.71 7.21 2.22 1.25 1.10 0.57

Twenty participants from Experiment 3 (see Tablgwére included in the analysis
of local switch cost for the Mixed Category Il taskth five excluded from the original
sample due to between category error productioreggit excluded due to corrupted or

faulty audio files.

3.1.3 Stimuli

The Continuous Series Il task was presented adatefar Experiments 1 and 2. The
Mixed Category task was extended to include a t@tegory switching level of difficulty
(with number of iterations per level remaining g@me as for the Continuous Series 1),
using categories from the discarded Verbal Flugask, with category order and starting

points as stated below:

2-cats = Vehicles + Month(&ree + July)

3-cats = Clothing + Numbers + Frijifree + 7 + Free)

4-cats = Occupations + Days + Animals + Let{&ree + Wednesday + Free + M)
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3.1.4 Calculation of local switch cost

Production time for each word in a category wasudated from the end of the
previous word to the end of the target word. Wavdse timed manually using XNote digital
stopwatch software version $°&nd Audacity 1.2.8 to allow for more accurate
determination of word form boundaries; time was soeed three times for every word and
the mean of these three measures was used. Thecpoodtime for each word in a
category' was added up to give the total category produdtioe. Errors, self corrected
responses (both justified and erroneous) and aporses accompanied by non-target
utterances (e.g. “Have | already said that?”) wernsoved from the analysis as this additional
word production clearly inflated the time takerptoduce a response. Participants who made
between-category errors were excluded from thi$yaisaas switching could no longer be
differentiated as occurring between pure ‘easied @arder’ tasks. Switch cost was

calculated usingingle categoryalues of non-switching and switching w/sec rate:

Cateqgory non-switching w/sec rate — category switgchv/sec rate x 100 = % switch cost

Category non-switching w/sec rate

3.2 Procedure

Background measures were administered to partitsgenfor Experiment 1; the
Continuous Series Il and Mixed Category Il tasksensdministered as for previous
experiments, with the exception that a 4-categasijching condition was presented for the
Mixed Category Il task, in exactly the same wayaghe Continuous Series Il. Presentation

of both tasks was counterbalanced.

%9 produced by dnSoft Research Group
0 http://audacity.sourceforge.net
"0 _ 1 for the first category as the first word hadpnmeceding word to start timing from.
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3.3 Data Analysis

3.3.1 Data distribution

Age and both digit span measures (see Table 1@d¢ans) were non-normally
distributed in the whole samplBl € 33): AgeW(33) = 0.70p = .0001, with 55% of the
sample aged 19 or 20 years, as expected from argtpdpulation. Forward digit sp&433)
= 0.89,p = .003 presented over twice as many scores ofl@dhan the median score of 7;
reverse digit spa(33) = 0.88p = .001 showed 45% of the sample scoring at 5digit
Although not normally distributed these scores weitbin clinically normal expectations

(Lezak et al., 2004).

Task speech rate for the full sample was non-ndyndatributed for: CSée W(33)
=0.87,p =.001, positive skewness (attributable to a sipglrticipant scoring at 0.64 w/sec)
z=3.52,p =, evidence of leptokurtosis (peaking at 0.2%pPZ3= 2.95,p = and MX3;te:

W(33) = 0.88p = .002, positive skewness (single score of 0.%kwAt top end) significaat
= 3.19,p =.002, with the rest of the distribution for bathriables observed to follow normal
expectations. Both measures were deemed accefdalnhelusion in parametric analyses

and were not transformed.

All whole-sample switch cost measures were nornaiByributed, with the exception
of MX4,st W(33) = 0.88p =.002, negative skewed by two participants scoaing4.82%
and 84.90%z = 3.18,p = .002 but otherwise observed to look normal arxtlided in

parametric analyses. All variables included inlteal switch cost analyses for both tasks
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(CSN =18, MXN = 20) were normally distributed usingrdevel of .01 for the Shapiro-

Wilk's test.

Within category errorsn(= 33) were non-normal for: CSznin W(33) = 0.58p =
.0001, positive skewness= 6.00,p <.0001 , and with a leptokurtic distributiar 7.97,p <
.0001and for CSJitin W(33) = 0.82p = .0001, skewness= 4.32,p < .0001 , kurtosig =
4.75,p < .0001. Such errors for CS were analysed nonapetracally. For the MX task MX2
within - W(33) = 0.78p = .0001, skewness was significart 4.03,p = .0001with two top-end
scores of 5 and 6 but otherwise appearing nornthbaneptable for parametric analysis. No
between category errors were made for either telea@2-category level and all other
measures of this variable were non-normal usirrg.01 and so analysed non-parametrically.
Both right and wrong self-corrections (no wrong-selrrections were made for CS2) were
non-normally distributed for all levels of both kasusingo. = .01 and again were analysed
non-parametrically. Variables relating to the tataiber of errors made in each category at
each level of difficulty were non-normal & .01) for CS2 and CS3, and for all except the
third category in CS4; all were analysed non-pateaoadly. All errors-per-category variables
were non-normald = .01) for the MX task with the exception of MXBdawere analysed

non-parametrically.

3.3.2 Statistical tests

Task speech rate and switch cost for both thesartple and local cost sub-sample
were analysed over 2, 3 and 4 categories using Gddated measures ANOVA. Within
category errors on the tasks were analysed usirggdman’s ANOVA and GLM repeated
measures ANOVA, according to the distribution & ttariables; between-category errors for
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both tasks used the Wilcoxon signed ranks test.ahla¢ysis of errors according to category

position and self corrections both used FriedmANOVA.

All ANOVA/ ANCOVA results are reported using Wilklambda. Effect sizes are
reported using partiaj®, interpreted as .01 = small, .06 = medium and=.1atge (Cohen,
1988). Error rates (within and between categorgre)y were analysed using the non-
parametric Friedman’s ANOVA and Wilcoxon signedkanest, with effect size reported as

r, interpreted as .10 = small, .30 = medium and=trge (Cohen, 1988).

Significance levels for post-hoc contrasts madagisitests or Wilcoxon signed ranks
tests were appropriately adjust (see Experimenethbtls). All non-parametric significance
levels are exact measures; for Wilcoxon signedsaests this is indicated in the text as one
or two-tailed as appropriate. Effect sizeas calculated as: t-tests((t* + (t* + df));

Wilcoxon signed ranks, test statisfie- V number of observations.

3.3.3 Descriptive and preliminary statistics
All variables followed predictable patterns of deased performance as the number of
switching categories increased, with the MX tasluteng in slower and more costly in-task

speech (see Table 20).

NART IQ correlated significantly with forward digspanr = .35,p = .044 and =
.35; both digit span measures correlated with edeér,r = .67,p = .0001. For Task Speech

Rate, age correlated with M2 r = .39,p (all correlational significance levels were two-
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tailed) = .027; NART IQ correlated with all but omeeasure, CSZ. r = .38,p = .028,
CS3ae I =.54,p = .001, CS4e r = .35,p=.046, MXZ24e I = .49,p = .004, MX44ee I = .40,
p =.023. CS4 also correlated with forward and reverse digitnspa= .45,p = .009 and
=.42,p = .015 respectively; NART IQ was entered as am@kcovariate for both Task

Speech rate measures.

For Switch Cost, NART IQ correlated with Cg3r = -.50,p = .003, CS3r = -.35,
p =.048 and MX2x:r = -.55,p = .001. Forward digit span correlated with all boe cost
measure, CSgsr = -.47,p = .005, CSgysir = -.42,p = .014, CS4ir = -.60,p = .0001,
MX2 o5t = -.38,p =.029, MX3ostl = -.38,p = .029; reverse digit span correlated with
CS2pstl =-.42,p = .005, CSdstr = -.44,p = .010, MXZ0str = -.45,p = .009, with forward

span indicated as a covariate for cost.

Within-category errors for the MX task only coriteld with forward digit span at a
single level, MX4imin r = -.41,p = .018 and so no covariates were entered. Fordigid
span also only correlated with a single level oi@&al errors, CSéors 1t = -.42,p = .015,

again not suggesting the need for a covariate sisaly

For the Continuous Series Il local cost analylis-(20) forward and reverse digit
span (see Table 19) again correlated,62,p = .006. Forward digit span correlated with
CS%rrors 1str = '.50,p = 033, CSérors 3rdr = '.69,p = 002 and CSA’OI’S 4thr = '.6l,p = 007 -

this was no considered consistent enough for iramhugs a covariate.
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For the Mixed Category Il task local switch cosalgsis (N = 18) the digit span
measures correlated with each other,.58,p = .007. Normal speech rate was found to
correlate with both MX2 local cost measures, M2 1t = .49,p = .037, MXZ2rors 2ndl = -
.53,p =.024 and two of the MX3 measures, M¥ods 2nd’ = -.55,p = .017, MX3rors 3rdl = -

.54,p=.022 and was included as a covariate at laviklg.

3.4 Results

3.4.1 Task speech rate

Task Speech Rate was significantly slower for td3kthan for CS (see Table 20 for
means)A = .05,F(1, 32) =547.87p = .0001,11,02 = .95; rate also decreased in line with the
Number of Categories increasing (see Table 20 am) A = .04,F(2, 31) = 344.19% =
.0001,11,[,2 = .96, with contrasts showing this to be significhoth from 2-categories to 3-
categoriesk(1, 32) = 323.232) = .OOOl,np2 = .91 and from 3-categories to 4-categories,
F(1, 32) =323.23p = .0001,11,02 =.91. There was a significant interaction betw&ask
Type and Number of Categories= .04,F(2, 31) = 333.86p = .OOOl,np2 = .96. Contrasts
revealed the difference in Task Speech Rate betiNeember of Categories to also be
consistently significantly different when comparithg two tasks (CS & MX), 2-categories to
3-categorie$(2, 31) = 462.68p = .0001,1“)2 = .94 and 3-categories to 4-categof€3, 31)

=79.18,p =.0001n,° = .71.
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Table 20Descriptive Statistics for Task Speech Rate (w/aad)Switch Cost (% w/sec increase) on

Continuous Series Il and Mixed Category Il Tasks=(BRB).

Continuous Series I Mixed Category task
2-cats 3-cats 4-cats 2-cats 3-cats 4-cats

Task Speech rate (w/sec)

Mean 1.27 0.58 0.33 0.32 0.28 0.21
SD 0.22 0.19 0.10 0.07 0.08 0.04
Switch cost (% increase)
Mean 64.66 82.10 91.02 82.41 85.54 91.23
SD 7.12 6.67 3.30 3.90 4.22 2.40
CSrate: M =0.73, SE =0.03 CS cost: M =79.26, SE = 0.90
MX rate: M =0.27, SE =0.10 MX cost: M = 86.39, SE = 0.52
2-cat rate: M =0.79, SE =0.02 2-cat cost: M = 73.54, SE = 0.88
3-cat rate: M = 0.43, SE =0.02 3-cat cost: M = 83.82, SE = 0.87
4-cat rate: M =0.27, SE =0.01 4-cat cost: M =91.13, SE =0.45
Task
—CS
-— MX
1.25-]

1.007

0.757

0.50

Mean task speech rate (w/sec)

=
-
] -~ -
0.25 -
. -~
-
=

Number of categories

Figure 7 Task speech rate (w/sec) at increasing levels ektdifficulty (2, 3 and 4 switching

categories) for Continuous Series Il and Mixed Cgtay Il tasks (N = 33)
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For the purposes of controlling for covariance, NARR was stratified into a
categorical variable, Low (scores 86 — B85 13,M = 95.08), Medium (scores 100 — 105,
=10,M = 102.70), High (scores 106 — 18~ 10,M = 110.30), allowing it to be entered as
an independent measures variable as detailed ipt&ha There was an independent effect
of the NART IQ covariate on Task Speech R&(&, 30) = 5.38p = .OlO,np2 =.26. There
was also some interaction with the factor of Tagkel A = .81,F(2, 30) = 3.46p = .044,
an = .19, although none with Number of Categorres, .77,F(4, 58) = 2.04p = .101 ns,
npz =.12. The previously identified interaction beémelask type and Number for categories
did not differ according to NART IQ\ =.78,F(4, 58) = 1.94p = .115 ns;np2 =.12. The
overall pattern was interpreted as NART IQ levétiag to semantic category production in

the Mixed Category Il task.

3.4.2 Switch cost

Once again there was a significant effect of babKIType (see Table 20 for means),
A =.18,F(1, 32) = 147.38p = .0001,%2 = .82 and Number of Categories (see Table £20),
=.04,F(2, 31) = 367.70p = .0001,11,02 = .96 on Switch Cost, with further contrasts
confirming that Number of Categories had a constbtesignificant effect on Switch Cost, 2-
cats to 3-catf(1, 32) = 243.83p = .OOOl,np2 = .88 and 3-cats to 4-cdt$l, 32) = 168.47p
= .OOOl,np2 = .84. Both factors again produced a significatgractionA = .08,F(2, 31) =
183.12p = .0001,%2 =.92; while this was again significant acrosshidifficulty Level
transitions, 2-cats to 3-catgl, 32) = 227.83p = .OOOl,np2 = .88 and 3-cats to 4-cdt$l,
32)=16.39p = .OOOl,np2 = .34 there was a much reduced effect size whécteng from
3-cats to 4-cats. Figure 8 shows that, unlike thekTSpeech Rate transition, cost for both

tasks converges when switching over 4-cats.
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Forward digit span was entered as a covariateviaticB Cost, with similar scores
clustered together as Low (scores WN6; 15,M = 5.67) and High (scores 749,= 18,M =
8.00). The independent effect of forward digit sparSwitch Cost was just within
significance but with a low effect sizig(1, 31) = 4.30p = .047,%2 =.12. Again the
covariate interacted with Task Type=.87,F(1, 31) =4.78p = .037,11,02 = .13, but not
with Number of categories, = .93,F(2, 30) = 1.23p = .308 nsnp2 =.08. The interaction
between Task Type and Number of Categories didlifier according to forward digit span
score,A =.95,F(2, 30) = 0.87p=.430 nsn,o2 = .06. Again this appears indicative of a word

production effect for the Mixed Category Il task.
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Figure 8 Switch cost (% w/sec increase) at increwslevels of task difficulty (2, 3 and 4 switching

categories) for Continuous Series Il and Mixed Cgtay Il tasks (N = 33)
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3.4.3 Within category errors

A Friedman’s ANOVA showed that for Continuous Serikthere was a significant

change in the number of within category errors {&aae 21) as the Number of Categories

changedy? (2) = 59.86p = .0001. Follow up Wilcoxon tests revealed thideouniformly

significant increase, CS2 to CS3= 16.50p=.0001r =-0.53, CS3to CS4,=3,p=

.0001,r =-0.61. For the Continuous Series Il 68.56% dhimicategory errors were

perseverative and 31.44% were sequencing.

Table 21Within and Between Category Errors at each Levé@®ifffculty (2, 3 or 4 Categories) for

Continuous Series Il and Mixed Category Il Tasks=(BR3).

Continuous Series I

Mixed Category task

2 3 4 2 3 4
Within category errors
Sum 16 122 393 43 75 176
N 10 28 33 22 28 31
Mean 0.48 3.70 11.91 1.30 2.27 5.33
SD 0.94 3.85 4.44 151 1.53 3.22
Between category
errors
Sum - 1 29 - 9 12
N - 1 5 - 4 4
Mean - 0.03 0.88 - 0.27 0.36
SD - 0.17 2.34 - 0.84 1.14

A GLM repeated-measures ANOVA indicated a significaffect of Number of

Categories on within-category errors for the Mixaategory Il taskA = .42,F(2, 31) =

21.88,p=.0001,° =

.59, increasing significantly at all levels, &¢o 3caF(1, 32) = 8.79,

p= .006,11,02 = .22 and 3-cat to 4-c&{(1, 32) = 36.38p = .0001,11,02 =.53. Overall 75.78%

of within-category errors were perseverative an@2% were seqguencing.
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3.4.4 Between category errors

Wilcoxon signed ranks tests showed that the nuroberrors produced during 3-cat
and 4-cat switching increased significantly for G@omous Series Il, CS3 to C34= 1.50,p
=.023,r = -0.26 but not for the Mixed Category Il task, BI¥o MX4T =12,p=.398r = -
0.04. For the Continuous Series Il over 4-categ®ie 14% of errors were sequencing and
2.86% were omissions — for the Mixed Category3kt@1.67% were sequencing and 8.33%

omissions.

3.4.5 Analysis of errors according to category type

Total errors per Category type were not analyse@tmtinuous Series Il 2-category
switching as both categories returned a total gtfiteérrors. Error distribution for 3-category
switching (see Table 22) changed significantly leemcategorieg (2) = 14.07p = .001;
this was confined to Dayg being significantly higher than Numbesd = 17.50,p = .001r
=-0.41, with both Monthg and Numberg; T = 75.50,p = .652 nsy = -0.06 and Monthg

and Days.g T = 82.50p = .027 nsr = -0.03 being non-significafft

Four-category switching again showed a significhfierence in errors per category
Xz (3) = 12.96p = .004, with Days,q producing significantly more errors than all other
categories: Daysqand Numberg: T = 53,p = .0001r = -0.43, Daysqand Monthgy T =
94.50,p = .011,r = -0.31, Days\qand Letterg, T = 65,p = .001,r =-0.39. All other

contrasts were non-significant: Numbgrand Monthgy T = 204,p = .561 nsr = -0.07,

"2 Holm's sequential Bonferroni adjustment
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Numberss;and Letterg, T = 192,p = .804 nsy = -0.03, Monthgq and Letterg, T =182,p =

.639 nsy =-0.06.

Table 22Total Errors made (Within and Between Categoryuatag in each Category at each
Difficulty Level (2, 3 or 4 Categories) for Contious Series Il (N = 33).

Continuous Series Il
2-cats 3-cats 4-cats
Num. Day. Num. Day. Mon. Num. Day. Mon. Let.

Total errors |

Sum 8 8 27 59 37 93 140 100 91
Mean 0.24 0.24  0.82 1.79 1.12 2.82 4.24 3.03 2.76
SD 0.44 0.66 1.01 1.85 1.92 1.47 1.82 2.30 1.99

Num. = numberspPay. = days;Mon. = monthsLet. = letters

237



Error bars = 95% CI —

4

3

+ .
o

+

N

+

N

B

ERE

N

Mean (total errors made)

N

N

N

N

B i el o Bl i e el Bl

e e

+

+

+

-
BEE==

I I I =T I | =T
NUMBERS DAYS NUMBERS DAYS MONTHS NUMBERS DAYS MONTHS LETTERS

CS2 CS3 CS4

Figure 9 Mean total errors per category type foramdifficulty level (2, 3 and 4 categories) for
Continuous Series Il (N = 33)
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Table 23Total Errors made (Within and Between Categoryuatag in each Category at each
Difficulty Level (2, 3 or 4 Categories) for Mixedategory Il Task (N = 33).

Mixed Category task
2-cats 3-cats 4-cats
Veh. Mon.  Clo. Num.  Fru. Occ. Day. Ani. Let.

Total errors

Sum 15 28 16 46 21 9 100 18 64
Mean 0.45 0.85 0.48 1.39 0.64 0.27 3.03 0.55 1.94
SD 0.97 1.25 0.67 1.20 1.11 0.52 1.65 0.94 1.78

Veh. = vehiclesMon. = monthsClo. = clothing;Num. = numbersFru. = fruit; Occ. = occupations;
Ani. = animalslet. = letters

For the Mixed Category Il task there was no sigatfit difference during 2-category
switching,T = 79,p = .208 nsr = -0.16. The difference in error distribution slemha
significant change during 3-category switchim@(Z) =11.75p =.002, with Numbetgqy
producing a significantly higher number of errdran either Clothing; T = 32,p = .0001r
=-0.41 or Fruigq T = 60.50,p = .004,r = -0.28; there was no significant difference betwe
Clothingistand Fruigq T = 64,p = .570,r = -0.06. There was a significant change in errors
according to Category Type during 4-category sviitghy® (3) = 64.48p = .0001, with only
Occupationg; and Animalg,q showing a non-significant differencé= 25,p = .140 nsy = -
0.18; Occupationg;and Days,q T = 0,p = .0001r = -0.60, Occupationg and Letterg, T =
0,p=.0001y =-0.52, Days,qand Animalsgy T = 3.50,p = .0001 = -0.58, Days,gand

Lettersi T =42,p=.001,r =-0.39, Animalsq and Letterg, T = 29,p = .0001 =-0.43.
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3.4.6 Self-corrections

Self-corrections (SC) made by participants at d2iffirculty Level of both tasks were
observed to increase in line with the Number ofe@aties (as shown in Table 24) and be
more prevalent for CS than MX; corrections wereipteted as justified (right) and
erroneous (wrong) according to whether an errordzadally been made. For the Continuous
Series Il a Friedman’s ANOVA revealed this incretsbe significant for Stgh, v (2) =
33.74,p = .0001 with all contrasts significdfitCS2 to CS3 = 0,p = .0001r = -0.52, CS2
to CS4T =0,p=.0001y =-0.52, CS3 to CS# = 46,p = .07,r =-0.30. No wrong
corrections were made during CS2; a Wilcoxon sigaeds test showed the difference

between CS3 and CS4 to be significdnt, 42,p = .027,r = -0.27.

A Friedman’s ANOVA showed a significant change @g: according to Number of
Categories for the Mixed Category Il tagk(2) = 10.43p = .005. These corrections were
significantly greater during MX4 than either MX2= 45,p = .002,r = -0.35 or MX3T =
18.50,p = .008,r = -0.30; there was no significant difference bew® X2 and MX3T =
68.50,p = .266 nsr = -0.10. Wrong corrections exhibited a significah&nge as categories
increasedy?® (2) = 8,p = .014, though only in the comparison of MX2 an¥X4T = 45,p =
.008,r =-0.31, MX2 to MX3T = 2,p=.500 nsy =-0.07, MX3 to MX4T =8,p=.057r =

-0.22.

3 Wilcoxon signed ranks test significance reporte@eact (1-tailed)
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Table 24 Self-Corrections (Correct and Incorrect) made ahdaifficulty Level (2, 3 and 4

Categories) during the Continuous Series |l andedi€ategory Il Tasks.

Continuous Series I Mixed Category task
2 3 4 2 3 4
Self-corrections
Right Sum 4 39 65 11 15 30
Mean 0.12 1.18 1.97 0.33 0.45 0.91
SD 0.42 1.38 1.86 0.54 0.67 1.04
Wrong Sum - 12 27 1 2 9
Mean - 0.36 0.82 0.03 0.06 0.27
SD - 0.70 1.21 0.17 0.24 0.57

3.4.7 Local cost comparison of overlearned sequersceand semantic categories

For the Mixed Category Il task a series of appitely adjusted paired samples
tests were initially carried out to compare singgdéegory speech rates (see Table 23) for each
of the difficulty level baseline measures, in ortiedetermine whether the semantic
categories could be deemed more difficult thanotrerlearned sequence categories for the
purposes of assessing asymmetry. With the exceptibaseline category rates for Clothing
and Fruit in 3-category switchint{;32) = 0.84p = .406, all comparisons were found to be
significantly different to an alpha value of .00@&mantic categories produced significantly
fewer words than their corresponding overlearnegisece categories (see Table 23) and so

were considered to be more difficult.
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Table 25Baseline Speech Production Rates (w/sec) for Gaesti Categories of the Mixed Category
Il Task.

Veh. Mon. Clo. Num. Fru. Occ. Day. Ani. Let
Baseline
rate
(w/sec)
Mean 0.58 2.90 0.74 4.23 0.71 0.60 2.98 0.79 5.38
SD 0.11 0.39 0.14 0.15 0.17 0.13 0.45 0.13 1.25

Veh. = vehiclesMon. = monthsClo. = clothing;Num. = numbersFru. = fruit; Occ. = occupations;
Ani. = animalsiet. = letters

For the Mixed Category Il task, during 2-categomytshing production of Vehiclasg
(switching to Months,q) was significantly less costly than Monghs(switching to
Vehiclegg) t(17) = -6.00p = .0001, = 0.76, 95% CI (2.05 — 5.17). During 3-category
switching there was significant difference betwé®ncategoried = .23,F(2, 16) = 27.49p
=.0001.n,° = .78, manifesting significantl{ybetween Clothing; (switching to Numbess)
& Numbersyq (switching to Fruig) t(17) =-5.39p =.0001r = 0.79, 95% CI (-20.12 — -
8.80) and Numbegsq (switching to Fruif,q) and Fruitg (switching to Clothings) t(17) =
6.87,p=.0001r = 0.86, 95% CI (15.09 — 28.47) but not betweerttdhgy, :(switching to
Numbersng & Fruit®™ (switching to Clothingy) t(17) = 2.14p = .048,r = 0.46, 95% ClI

(0.09 — 14.55).

Finally, 4-category switching again revealed a nedfact of Category Type\ = .04,
F(3, 15) =127.85 = .0001,11,,2 = .96, with Lettergy (switching to Occupations) being
significantly more costly than all other categoriestters (switching to Occupations) &

Occupationsg;(switching to Days,g) t(17) = -12.60p = .0001,r = 0.95, 95% CI (-23.67 — -

“ Using Holm’s sequential Bonferroni adjustment significance level of .048 for pair Clothiggand Fruitq
was non-significant to the adjustedevel of .02
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16.88), Lettersn & Daysngt(17) =-5.14p = .0001r = 0.78, 95% CI (-4.87 — -2.04),
Letters, (switching to Occupations) & Animalssq (switching to Lettergy,) t(17) = -19.01p
=.0001r =0.98, 95% CI (-23.34 — -18.67). Days(switching to Animalgy) was similarly
more costly than Occupatioggswitching to Daygg) t(17) = -10.50p = .0001r = 0.93,
95% CI (-20.20 — -13.44) and Animgls(switching to Lettergy) t(17) = 14.82p = .0001r
=0.96, 95% CI (15.06 — 20.05). Cost for the Octiopa; ; (switching to Days,g) and
Animalssrg was(switching to Letterg,) very similart(17) = 0.42p = .678 nsy = 0.01, 95% ClI

(-2.93 — 4.40).

Normal speech rate was divided into clusters oflaimscores, to facilitate use as an
independent measures covariate: scores less th&e2 N = 4,M = 1.77), scores 2 to 2.50
w/sec N =5,M = 2.28), scores 2.51 to 3 w/sé&t£ 5,M = 2.73), scores more than 3 w/sec
(N =4,M = 3.32). For 2-category switching normal speedté aacounted for none of the
variance independentli(3,14) = 1.66p = .220 nsnp2 = .26 but did interact with the
repeated measures factor of Category Type,.41,F(3, 14) =6.72p = .005,11,,2 =.59.

Over 3-cateogry switching there was no evidencegarce independently from normal
speech rate;(3,14) = 1.18p =.354 nsnp2 = .20 and no interaction with Category Types

.51,F(6, 26) = 1.72p = .157 nsp,” = .28.
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Table 26Local Switch Cost (% w/sec increase) per Categgpelat each Difficulty Level (2, 3 or 4

categories) for Mixed Category Il Task (N = 33).

Mixed Category Il task

2-cats 3-cats 4-cats
Veh. Mon. Clo. Num. Fru. Occ.
To To To To To To
Mon. Veh. Num. Fru. Clo. Day.

Let.

Ocec.

Local switch cost
(% increase)

2.65

Mean 51.38 75.23 68.98 8344 6166 7241 89.23 871.62.68
SD 13.82 7.53 8.38 7.28 11.05 7.72

Min 2453 56.22 45.00 6227 37.74 5532 78.28 56.71 86.25
Max 78.08 86.82 78.08 92.27 77.50 84.93 94.29 82.00 96.42

Veh. = vehiclesMon. = monthsClo. = clothing;Num. = numbersFru. = fruit; Occ. = occupations;

Ani. = animalsiet. = letters
Calculation of local cost for each category inckidwitchingto the next category.
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3.4.8 Comparison of constant categories over allfticulty levels

For the Continuous Series Il the first two categ®riNumbers and Days, were
compared separately over all task difficulty lewelassess how their relative contribution
changed in relation to difficulty. A GLM repeateckasures ANOVA shows a significant
difference between Numbesgais(M = 70.14,SD = 8.32), Numberg.cas (M = 84.06,SD=
5.05) and Numberseas (M = 89.62,SD= 4.19),A = .09,F(2, 16) = 85.49p = .0001n,? =

.91; paired-samplédstests showed this to increase significantly wiffiallty at all levels.

A second GLM repeated measures ANOVA showed tHerdiice to also be
significant between Dayscais(M = 47.42,SD= 9.51), Day$.cas (M = 71.51,SD=10.41)
and Days;.cas (M = 83.77,SD= 7.80),A = .06,F(2, 16) = 123.63p = .0001,n,” = .94;

paired-samplettests again showed this to increase significamilly difficulty at all levels.
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4 Discussion

Task speech rate and switch cost for both tasknuged the pattern seen in the
previous two experiments for 2 and 3-category $viiig. Rate reduced gradually over all
levels of difficulty for the Mixed Category taskidre was again evidence of a 2-category
advantage for the Continuous Series Il. Changesshappeared more dramatic than for rate
in the Mixed Category Il task when looking at therge from 3 to 4-category switching —
both tasks converged to almost identical scordscattegoryswitching. The lack of within-
category errors over 2-category switching wouldmgaem to offer only a partial
explanation for the Continuous Series Il 2-switdiantage. Two-category switching is once
again far more efficient for Continuous SeriehHrn Mixed Category Il task, as assessed by
RT related measures of rate and cost (see Figusel)7It is possible that there is a ceiling
effect for the Mixed Category Il task as degradatiospeech rate is much more gradual than
for the Continuous Series Il — this would intuifiveeem at least in part to be attributable to
the contribution of the slower production rate ($able 20) for semantic items. Rate itself
does not to change very much across the varyitigult levels in comparison to switch
cost which accounts for the greater similarity (aeduced variance when compared to the

Continuous Series 1l) in baseline non-switchingsater category.

Within-category errors for both tasks increasedificantly as the tasks became more
difficult, following the general pattern displayedExperiments 1 and 2. The increase from 2
to 3-categories was much more pronounced for th@iQgoous Series Il which increased
seven-fold as oppose to doubling for the Mixed Gaite Il task. The Mixed Category Il task
produced around half as many within-category erasrthe Continuous Series Il for 4-

category switching. This reversal of previous resmlay mean that the difference is
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anomalous and perhaps related to the vocabulaheafample in relation to semantic
category errors. Only Experiment 2, which had ateokample, showed greater errors for the
Mixed Category task — it is possible that greakercative impairment is causing more errors.
Between-category errors for both tasks were aliseat2-categories; the Mixed Category |
task produced more over 3-categories whereas thaérDous Series Il produced more over
4-categories. The increased number of between-@ategrors at 3-categories for the Mixed
Category Il task could be due to the reconfigurabbsemantic categories between this and
the original version of the task. In the originadk the category ‘sports’ led to a greater
number of early cessations for the task at thisli@hough still within the 70% completion
criterion) which gave less opportunity for erravsde made. Just over two-thirds of
Continuous Series Il within-category errors werespeerative, increasing to three-quarters
for the Mixed Category Il task. Again no betweenegary errors were perseverative — for
the Continuous Series Il nearly 100% were sequendiropping a little to around 90% for

the Mixed Category Il task. On the Mixed Categdriask one participant made a sequencing
error involving a category not present in the tasthat difficulty level (4-categories) but
which had been present at the last difficulty letleis would suggest for that individual at
least there was evidence of enduring long termifertence of the type posited by Wylie and

Allport (2000) in their associative interferenceagnt.

For 3 and 4-category Continuous Series Il switchimggcategory ‘days’ produced far
more errors than all other categories. It is natsae at this stage to determine whether this
was a task related or switch related phenomenaaysDwas the shortest sequence — as well
as the effect of reduced set size, increased tigpetif items as they cycled round may have
been compounded by the repeated suffix ‘-day’. riAliéively the position of the category in

the task sequence may have had some affect omatlegbion of errors (as addressed in
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Experiment 4, Chapter 6). Increased errors couldugeto the category ‘days’ in a difficult
switching scenario or the position of the categarthe sequence given that it was placed
after the first switch. In more typical per-switcalculation of switch cost made for the
alternating runs paradigm switch cost only increasehe first trial of a run (Rogers &
Monsell, 1995). If the sequence of 3 or 4-categocen be considered equivalent to this task
run then the category ‘days’ immediately follows first switch of the sequence, although
the beginning of the sequence is embedded in thincmus nature of the task. Switch cost
for the individual categories (as discussed beiodicated that ‘days’ contributed the least
cost at all difficulty levels, although this wouhdt appear to be at a degree sufficient to
indicate a speed-accuracy trade off (there wasgmifisant difference from ‘months’). It is
feasible that the reduced set size contributedrtr production but this would surely have
resulted in a concomitant increase in cost duadeeased control, which was not seen.
Therefore the increased number of errors would dedre either due to an artefact of the
stimuli (the repeated suffix) or the category’sipons in the run after the first switch.

Experiment 4 will shed more light on this issue.

The Mixed Category Il task has only one occurresfcdays’ — all overlearned
sequence categories produce more errors than Seroatggories but ‘days’ produced most
of all, although again it is placed second outonlfrfcategories so some combinatory effect
could still be in evidence. At this stage it is l&ae which explanation is more likely — further
work on the Continuous Series Il changing the ptaa& of the category would need to be
carried out to address this. Self-corrections vargerved to increase as the task became
more difficult. More self corrections were madeidgrthe Continuous Series Il, presumably

in line with the fact that more errors were madhis would also tie in with the fact that
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corrections of both types increased with difficulbjost corrections made for both tasks were

justified suggesting that conflict monitoring aresolution were for the most part successful.

As predicted, local cost (per category) for overted sequences and semantic
categories differed in the Mixed Category Il tal$lkocal cost attributed to each category is
taken as indicative of the switththe next category (which is incorporated in thealaost
score) then scores at all levels of difficulty the Mixed Category Il task show a pattern of
reverse asymmetry whereby itiésscostly to switch to the easier task. For examiple2-
category switching the lower cost associated witethicles’ indicates the faster time taken to
switchto the category ‘months’ (see first bar on chart iyuiFe 12). The overall pattern is
one of taking less time to switth the easier task which suggests that carryovdreofast
task set is not occurring to a degree that wouddgmt a problem for switching. As noted
earlier the nature of the component tasks in theelliCategory Il task are not as likely to
prompt continued activation of a now erroneous &etkn the same way as Stoop-style
stimuli as responses to semantic and overlearrggeesee categories do not have the same
degree of overlap as Stroop word/ colour namingvéier, the lack of asymmetry using
stimuli outside of that requirement is further ende that a carryover account of switch cost
may necessarily be limited to amenable stimulkdeping with Yeung and Monsell (2003,
see page 29 of this document) it is possible tiatbility for the harder task to carryover and

interfere with the easier is just not present usivegcurrent stimuli.

As a caveat it should be noted that in calculatiblocal cost the production rate and
consequently switch cost for each category inclumel the inter-task gap (from end of

category A to beginning of category B) during whitche the switch is made to category B

252



and production of the category B task itself— theneo distinction between the relative
contributions of the two. Although for the purposésssessing asymmetry the cost for the
previouscategory is taken as indicative of the time talceswitchto the next one, the
merging of both sources of cost should be notechvilterpreting those switching-to results.
Future analysis of any such results should seektiact the inter-task gap in isolation from
production cost of the previous category. The @mstategory ‘fruit’ switching to

‘clothing’ ™

in 3-category switching (see Figure 12) would a&ppe buck the trend of reverse
asymmetry as it is not significantly different frazategory ‘clothing’ switching to ‘numbers’
and may be indicative of a greater contribution enagl the cost of the previous category,
although it is possible that some task-specifituierof either of these two categories may

have contributed to this anomalous result.

5 Conclusion

e In line with hypothesis 1, that difficulty woulddrease with the number of categories,
rate, switch cost and general error productioninoet the pattern seen in the
previous experiments, with the Mixed Category sktdehaving in the same way as
the Continuous Series Il for 4-category switching.

e The Mixed Category Il task was more costly than@loatinuous Series I, in
agreement with hypothesis 2.

e Errors again showed no perseveration between aa&sgithough repeating of items
within categories was more widespread.

e In agreement with hypothesis 3, ‘Days’ produceder@rors in the Continuous

Series Il, suggesting either a task-related art@iasome relation to first trial

> From the end to the beginning of the 3-catega@matton
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confinement of switch cost, although the currenicttire of the task does not allow
this to be probed further.

In agreement with hypothesis 4, that there would déference between local cost
for overlearned sequences and semantic categtived)ixed Category Il task
displayed a reverse asymmetry for switch cost betvibe two types of verbal
category. This suggested that TSI-type interferdrased explanations of switch cost

do not lend themselves to continuous verbal switglof this type.
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CHAPTER SIX: INVESTIGATION OF CATEGORY ORDER

EFFECTS

1 Introduction

Chapter four investigates whether patterns of $wetest and error distribution seen in
earlier experiments can be attributed as an attefaask design. During Experiment 2 (and
in previous presentations of the task (Essig, 200diticipants were noted to append a date
suffix to the category ‘numbers’ during switchifigthis did not occur during baseline non-
switching word production). It is possible thatstimay have facilitated switching by giving
the sequence a more meaningful structure — mearningfterial is easier to recall than
arbitrary items or sequences (Craik & Lockhart, 2)%nd as such both the sequence of
categories and the position of individual itemshivitthose categories may have been easier
to keep in memory. This could have expedited swatast directly as well as reducing time
taken recovering from errors, although Experimesti@gests that the contribution this
makes to cost might be less than would be supp&sathinly it could be one explanation of
the apparent ‘2-switch advantage’ seen in the esdslges of the task. Conversely, holding a
representation of the task as a date sequence aigghserve as a more explicit cue for the
sequence with potentially negative effects. KoddO@ has noted that sequence-related
implicit cues remain relatively unattended, notuieiqg the additional processing associated
with explicit cues (Logan & Bundesen, 2003). Byorefulating the implicit sequence with
additional date information it may be acting as@aerexplicit cueing device resulting in

reprocessing of the ‘date cue’ at every iterateck(iowledging the date formulation and then

® Some participants have been noted to do this, isggymunknown to themselves, all the way through tisk.
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the specific ‘date’ that fits). This could resuitlosing the advantage of a single processing of

the sequential task instruction at the beginnintheftask (Logan & Schneider, 2006a).

Another feature seen in the earlier experimentsthiaphenomenon of errors being
mostly committed in the second category of the tdals’. These would seem to be
production errors rather than speech errors alth@ugas unclear whether this pattern of
errors was associated with the task (the categlarys’) or the act of switching itself. Due to
the shorter length of the sequence, ‘days’ arertbst frequently occurring items within the
task but (with the exception of ‘letters’ for whittere is no data) the least frequently
occurring of the categories in everyday language¢h, Rayson & Wilson, 2001). However,
the automatic rather than semantic nature of spebch categories should negate any

frequency effects.

Also the potential ‘anchoring’ effect of the categthumbers’ discussed in
Experiment 2 may have an additional function. gréints have commented that the non-
cyclical (non-ending) nature of the category makessier to remember. This would also tie
in with the supposition that the short sequencgtlenf days may contribute to increased
errors in that category. Coupled with the applmathy some participants of a date suffix it
would seem prudent to assess the effect of movinmbers’ to other positions in the

category sequence.

Given that there is evidence for spatial represemtaf overlearned sequences

(Gevers, Reynvoet & Fias, 2003, 2004; PrevitaliHéeia & Girelli, 2010), it is possible that
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the comparative length of the surface form of taBous categories, single or double tokens
for ‘letters’ and ‘numbers’ and longer for ‘daysic‘months’, may have had some effect on
internal representation and subsequent producfitimedask. It is noted by Kleinsorge &
Gajewski (2008) that theories relating to heavilgnsilus driven switching do not account
sufficiently for the role of internal representatiof stimuli. The original Continuous Series |l
has single token categories occurring as thedindtlast in four-category switching, in effect
placing them next to each other in the continuoog lof category production. If, as stated
earlier (pages 56-57), there is some quasi-visabaEelement to the Continuous Series |l
then placement of categories according to surfaagth could have some bearing. The
categories may be subject to some variation oivivel length effect, given that both
numbers and letters are visually, syllabically ahdnemically shorter than the other two
categories. The word length effect has been foandlate to syllables as well as visual
length (Bireta, Neath & Suprenant, 2006). The werdyth effect (whereby short words are
recalled better than longer words) traditionalllates to list recall (Cowan, Baddeley, Elliot
& Norris, 2003; Hulme, Suprenant, Bireta, StuarN&ath, 2004). However, in questioning
after the Continuous Series Il many participarasesthat they hold the categories in their
mind’s eye in a visual list-like fornif task versions that separate visually short amg)|
categories by interspersing them result in diffee=nin switch cost or error production
compared to the original task version then an aspiroan be made for a visual element to
the verbal switching process. However, it is nedicted that the overall effect of decreasing
performance in line with task difficulty will be gated, rather that some portion of costs

might be attributable to task design.
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2 Aims and Hypotheses

As the task order in the original version of then@auous Series Il was arbitrary, the
possibility that task structure is in some way idedntal to its validity needs to be ruled out.
The aim of the current experiment was to investigatty possible contribution to task costs

from the structure of the task, specifically thdearof categories within the overall sequence.

1. Rate, switch cost and error will follow the samétgra of performance deteriorating
as the task becomes more difficult regardlessetdkk version.

2. Versions of the task with a ‘spatially separatedkt sequence (versions B, C & D)
will provide a statistically significant differende switch cost for 4-category
switching from the original version due to theiepious placement next to each other.

3. Versions of the task beginning with ‘numbers’ (vens A and B) will result in lower
switch cost than other task versions.

4. There will be a difference in the number of witltategory errors produced between
the different categories regardless of task verdtas unclear whether the bias
towards ‘days’ will remain as it cannot yet be detimed whether this relates to a
feature of the category itself or its position wntkthe task. If the latter i.e. increased
error load only occurs when ‘days’ is the secortégary, then potentially this relates
to the first trial confinement of cost (Rogers & Mll, 1995). In this instance the
second category, regardless of contents, wouldyalneturn the greatest number of

errors.
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3 EXPERIMENT FOUR

3.1 Method

3.1.1 Design

Speech rate (w/sec) and switch cost (% w/sec isejeaere each analysed as a mixed
5 x 3 design, with a between-participants facto€Cafegory Order (A, B, C, D or E — see
Table 28 for a description of order variation) anaithin-participants factor of Difficulty
Level (2, 3 or 4 switching categories). Error disition presented as a mixed 5 x 3 x 2
design, with the addition of Error Type (Within Between categories). Additionally, all five
variations of the task order were compared oveatégory switching only (as a 5 x 4 mixed
design) to determine whether error production vetasted to either the position (factor
Category Position (1, 2, 3 or 4)) or type of catggdactor Category Type (Numbers, Days,

Months or Letters)) within the task, as indicatgd &sults from Experiment 3.

3.1.2 Participants

The sampleN = 115, females = 97) was recruited from the Unitgis
Hertfordshire; all participants were undergraduateaught postgraduate students and
received course credit for participation; all weght handed native English speakers,
screened according to the criteria set out in GhrahtOf the original 133 tested, 6 were
excluded from the final analysis due to productban excessive number of between
category errors, 2 due to very early discontinunatibthe task, 5 due to subsequent disclosure
of non-adherence to screening criteria and 5 dl@iscores on background measures

below the normal range. Demographic and baselie@snres for the sample are given in
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Table 27; a series of one-way ANOVAs showed noiagnt difference between groups on

demographic measures.

Table 27Descriptive statistics of Background Battery (NAREdicted Full Scale 1Q, WAIS-R
Vocabulary sub-test, Forward and Backward Digitrgad Conversational Speech Eate) N = 115.

Group Age NART WAIS- Digit Digit Conv.
1Q R span span speech

vocab. forw. backw. rate

Group A (n=21)

Mean 2438 10252 1095 6.52 4.95 2.55

SD 7.02 7.26 2.58 1.17 0.67 0.52

Group B (n = 24)

Mean 23.63 100.29 10.21 6.42 4.83 2.49

SD 7.73 8.24 2.89 1.14 0.96 0.43

Group C (n =24)

Mean 2413 10150 10.79 7.13 4.96 2.49

SD 8.09 7.65 2.04 0.85 0.91 0.36

Group D (n = 24)

Mean 21.67 99.96 10.25 6.63 4.88 2.51

SD 5.01 7.96 2.13 1.01 0.85 0.48

Group E (n = 22)

Mean 23.18 100.91 10.77 6.77 4.95 2.66

SD 8.34 8.00 2.29 1.23 1.00 0.47

Whole group (N = 115)

Mean 23.37 101.00 10.58 6.70 491 2.54

SD 7.26 7.76 2.38 1.09 0.87 0.45

3.1.3 Stimuli

The Continuous Series Il task was used, with &miditional variations of category
order within the task (see Table 28). The formateforiginal version was followed, in that
categories remained static with another addeddohn éevel of difficulty. Starting categories
were varied so that each appeared in position twiegfor ‘Numbers’ as it appeared at the
beginning of the original version) and subsequetegories were ordered so as to alternate
between single symbol (numbers, letters) and wivolel (days, months) item

representations. ldentical category starting poidse used for 4-category switching.
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Table 28Category Order and Start Points for all Verbal Skiitg Task Versions in Experiment

Four.
Task & Number of Categories Start points
Categories
Version A 2 Numbers — Days 6 — Tuesday
(original) 3 Numbers — Days — Months 4 — Friday — October

4 Numbers — Days — Months — Letters9 — Wednesday — February — H
Version B 2 Numbers — Days 6 — Tuesday

3 Numbers — Days — Letters 4 — Friday — P

4 Numbers — Days — Letters — Months9 — Wednesday — H — February
Version C 2 Days — Letters Tuesday — P

3 Days — Letters — Months Friday — C — October

4 Days — Letters — Months — Numbers ~ Wednesday February — 9
Version D 2 Letters — Months P — October

3 Letters — Months — Numbers C —April—-6

4  Letters — Months — Numbers — Days  H — February—V@ednesday
Version E 2 Months — Numbers October — 6

3 Months — Numbers — Days April — 4 — Tuesday
4 Months — Numbers — Days — Letters  February — 9ediésday — H

3.2 Data Analysis

3.2.1 Data distribution

Normality of all variables was assessed usingStapiro-Wilk's tests with
significance set at .01 andzéimit of + 2.71 (equivalent to an level of .01(Field, 2009)) for
assessment of skewness and kurtosis, where sepaaatgnation was carried out. Age was
found to be non-normally distributed across allup®with aro level of .0001. All other
background measures were normal with the excepfifngit Span measures (again with an
o level of .0001) specifically presenting as: Digfgan Forward for Group @{(24) = 0.87p
=.01 and Group D\M(24) = 0.87p = .01; Digit Span Backward for Group A[21) = 0.80,
p =.001; Group BW(24) = 0.77p = .0001; Group CM24) = 0.84p = .002; Group D,

W(24) = 0.87p = .006.
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Continuous Series Il rate was non-normal for 3 4adtegories, CS3 W(115) =
0.95,p =.0001, CSéie W(115) = 0.94p = .0001; this was specifically linked to Group @ f
3-categories and Group A for 4-categories. As thaalion of distribution was not

widespread through the sample transformations wetreonsidered.

Continuous Series Il switch cost was again non-abfor 3 and 4-categories, C3s3
W(115) = 0.94p =.0001, CS4s:W(115) = 0.95p = .0001; closer inspection showed this to
be related to Group D for 3-categories and GroudprAl-categories. Once again the variation
was considered to be sufficiently localised towalfmarametric analyses to be carried out on

non-transformed data.

All measures of within category errors at the ggary switching level were non-
normally distributed tg = .0001; CSginin Group CW(24) = 0.85p =.002, CS3ithin Group
E,W(22) = 0.75p = .0001, CSéitnin Group CW(24) = 0.88p = .007. No between category
errors were made when switching between 2-categand only by Group B during 3-
category switching; all between category errors enduting 4-category switching were non-
normally distributed gp = .0001. Self-correctiongn: and self-correctiongong were all non-
normally distributed gp = .0001; self-correctiongong Were only made by Groups D & E
when switching between 2-categories. Error and@®ifection variables were not able to be

corrected by transformation of the data and so webgect to non-parametric evaluation.

During 4-category switching the number of erroes gategoryype (numbers, days,

months or letters = e.g. C&4 numbers) Were also analysed. All measures were found to be
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non-normally distributeg = .0001 — this distribution was not normalisecddny type of

transformation and so non-parametric measures aygyked.

3.2.2 Statistical tests

Significance levels for post-hoc contrasts madagisitests or Wilcoxon signed ranks
tests were determined using Holm’s sequential Booifié adjustment throughout (Holm,
1979). All non-parametric significance levels axa@ measures; for Wilcoxon signed ranks
tests this is indicated in the text as one or taited as appropriate. Effect sizavas
calculated in the following ways (Field, 2009)estsV ((t* + (t* + df)); Wilcoxon signed

ranks, test statisti¢ + v number of observations.

3.3 Results

3.3.1 Descriptive and preliminary statistics

All versions of the Continuous Series Il showedghme increase in switch cost and
errors and decrease in speech rate seen in theysdihiree experiments to occur in line with
increasing task difficulty. Task versions showeeéager disparity in rate and cost over 2-
category switching with convergence of scores dveategories. Two-category rate was
slowest for version DM = 0.65) and fastest for version A (the originalsien) M = 1.24);
rate measures at 4-categories were all within @/8éc of each other. Task version D
displayed far less of the previously seen 2-swétdtiantage for either rate or switch cost.
Again matching to rate the lowest switch cost ®+«eategories was version M(= 64.63)

and the highest was version M € 78.63), with convergence of scores again attdgraies.
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Age correlated with predicted NART 1Q= .56,p = .0001. Additionally predicted
NART IQ was found to correlate with forward diggasr = .30,p = .001, reverse digit span
r=.23,p=.014 and CS4.r = .27,p = .003. Forward digit span was found to correlaite
reverse digit span= .64,p = .0001, CS3r = .36,p = .0001, CS4r = .43,p =.0001,
CS3stl =-.29,p - .001 and CS4«r = -.33,p = .0001. Reverse digit span correlated with all
rate measures Cagr = .22,p =.019, CS3r = .48,p = .0001, CS4er = .44,p = .0001
and two cost measures Gsg =-.37,p - .0001 and CS4sir = -.30,p = .001. Normal

speech rate correlated only with CS2rate.20,p = .036. Reverse digit span was considered

3.3.2 Task speech rate

There was a significant effect of number of categgof(for means see Table 3Q)=
.09,F (2, 109) =528.93) = .0001,%2 = .91 with rate reducing significantly across thgk
as difficulty increased (alpha = .017) G&20 CS3et(114) = 20.19p = .0001y = 1.78, CI
(0.42 — 0.52); CS2t0 CS4uet(114) = 23.91p = .0001y = 0.83, Cl (0.64 — 0.75); CS3
t0 CS4aet(114) = 19.18p = .0001,r = 0.76, CI (0.20 — 0.25). There was a significafifeect
of task versior-(4, 110) = 11.34p = .0001,1“)2 = .29 and a significant interaction=.47,F
(8,218)=12.68p = .0001,np2 = .32. Task speech rate differed between grouscategory
switchingF(4, 114) = 21.91p = .0001 and at 3-categorie§4,114) = 3.04p = .020 but not
over 4-categories (see Figure E§§, 114) = 1.38p = .247. Follow up independentests
(alpha = .005) showed 2-category significance tespread and to be sourced to a
comparison between version A and versiot{d3) = 4.29p = .0001r = 0.55, CI (0.15 —
0.42), version A and versionti43) = 8.29p = .0001r = 0.79, Cl (0.45 — 0.74), version A

and version E(41) = 3.16p = .003,r = 0.44, CI (0.07 — 0.34), version B and versiori(@6)
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=3.39,p=.001r = 0.46, Cl (0.10 — 0.40), version B and versiort(@6) = 7.13p = .0001,
r=0.73,Cl1(0.40 — 0.72), version C and versiori(B6) = 4.18p = .0001y = 0.54, CI

(0.16 — 0.46) and between version D and versit@d4) = -5.19p = .0001y = 0.62, CI (-
0.54 —-0.24). Three-category significance was@ased with a single comparison between

version A and version {43) = 3.86p = .0001,r = 0.51, CI (0.07 — 0.22).

The analysis was repeated using reverse digit spatified as an independent
variable to determine covariance. Scores were gbag follows: Low (scores of 3 orM =
39,M = 3.95), Medium (scores of B,= 50,M = 5.02) and High (score of 6, 7 orN8= 26,
M = 6.20). In this format reverse digit span wasiibto have some independent effle(2,
100) = 17.89p = .OOOl,np2 = .26 but did not interact with number of catege = .88,F
(4, 198) = 3.25p = .053n,° = .06, task versioR (8, 100) = 0.70p = .690,n,° = .05 or a

combination of the twa\ = .89,F (16, 198) = 0.70p = .788,1“)2 =.05.

3.3.3 Switch cost

Predictably there was a significant effect of numifecategories (for means see
Table 30)A =.12,F (2, 109) = 391.04 = .OOl,np2 = .88 with cost increasing significantly
across the task as difficulty increased (alphal?)@S2,s:t0 CS3osit(114) =-17.80p =
.0001,r =0.74, CI (-15.39 — -12.47); C&210 CS4ost(114) = -22.52p = .0001r = 0.82,
Cl (-22.87 — -19.17); C$3t0 CS4osit(114) = -16.92p = .0001, = 0.72, Cl (-7.81 — -
6.17). Task version also had a significant effedi4, 110) = 5.35p = .001,11,02 =.16 and
there was a significant interaction between the awo.51,F (8, 218) = 10.9% = .0001,11p2
=.29. Groups differed significantly over 2-categef(4, 114) = 9.49p = .0001 and over 3-

categories-(4, 114) = 4.83p = .001 but gain not over 4-categorigg, 114) = 2.32p =
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.062. Follow up independetitests (alpha = .005) showed 2-category signifiednde

linked to a comparison between version, versioMA=(64.63) and version DM = 78.63)
t(43) =-4.71p =.0001r = 0.582, CI (-19.98 — -8.00), version B € 65.11) and version D
(M =78.63)t(46) = -4.89p = .0001r = 0.58, CI (-19.09 — -7.95) and versiond £ 78.63)
and version ENl = 67.43)t(44) = 3.62p = .001,r = 0.48, Cl (4.97 — 17.44). Difference over
3-categories was linked to a single comparisoreo$ion B M = 85.59) and version BA =

81.08)t(44) = 2.95p = .005, = 0.41, CI (1.43 — 7.59).

The analysis was again rerun with the stratifiegtree digit span measure entered as
a potential covariate. There was some independistt ®f reverse digit spaf, (2, 100) =
7.81,p= .001,n|02 = .14 but no interaction with either number ofecatriesA = .88,F (8,
198) = 3.29p = .012n,° = .06, task versioR (8, 100) = 0.68p = .710n,° = .05 or a

combination of the twa\ = .88,F (16, 198) = 0.80p = .688,1“)2 =.06.

In order to determine whether differences betweaens at the 2-category level for
both rate and switch cost were related to individiiiferences in non-switching production
rate for the individual categories ‘numbers’ andys’, one-way ANOVASs were run on
baseline rates for those two categories. No st difference between groups was found
for either ‘numbersF(4, 57) = 2.25p = .076 or for ‘daysF(4, 57) = 1.13p = .351. Full

data for non-switching rates are given in Table 23.
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Table 29Non-Switching Baseline Production Rates (w/secafb6roups.

Non-switching rate (w/sec)

Numbers Days Months Letters
Group A(n =21)
Mean 1.83 3.39 3.61 111
SD 0.38 0.50 0.50 0.32
Group B(n = 24)
Mean 1.78 3.39 3.44 1.39
SD 0.43 0.61 0.78 0.70
Group C(n = 24)
Mean 1.89 3.44 3.56 1.22
SD 0.33 0.53 0.73 0.67
Group D(n = 24)
Mean 1.86 3.00 3.86 1.14
SD 0.38 0.00 0.38 0.38
Group E(n =22)
Mean 2.50 3.17 3.50 1.33
SD 1.23 0.41 0.84 0.52
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Table 30Task Speech Rate (w/sec) and Switch Cost (% wiseeadse) (N = 115).

Task speech rate (w/sec)

Switch cost (% increase)

2-cats 3-cats 4-cats 2-cats 3-cats 4-cats
Group A(n=21)
Mean 1.24 0.61 0.33 64.63 81.16 90.91
SD 0.20 0.13 0.09 7.47 5.12 3.18
Group B(n = 24)
Mean 1.21 0.56 0.32 65.11 85.59 91.29
SD 0.28 0.19 0.10 6.89 418 2.26
Group C(n = 24)
Mean 0.96 0.51 0.35 71.69 84.29 89.18
SD 0.24 0.15 0.08 9.63 451 3.26
Group D (n = 24)
Mean 0.65 0.47 0.31 78.63 85.81 90.65
SD 0.27 0.13 0.10 11.67 5.14 2.97
Group E(n =22)
Mean 1.03 0.57 0.29 67.43 81.08 91.46
SD 0.23 0.16 0.08 9.00 6.08 2.66
Whole group(N = 115)
Mean 1.01 0.54 0.32 69.66 83.69 90.68
SD 0.32 0.16 0.09 10.40 5.35 2.95

CSrateM = 0.63,SE=0.01
2-cat rateM = 1.02,SE=0.02
3-cat rateM = 0.54,SE= 0.01
4-cat rateM = 0.32,SE= 0.01
Group A rateM = 0.73,SE=0.03
Group B rateM = 0.70,SE=0.03
Group C rateM = 0.61,SE=0.03
Group D rateM = 0.47,SE=0.03

Group E rateM = 0.63,SE= 0.03

CS cosM =81.26,SE=0.45

2-cat cosM = 69.50,SE=0.85
3-cat coskl = 83.59,SE= 0.47
4-cat coskl = 90.70,SE= 0.27

Group A cosM = 78.90,SE= 1.06
Group B cosM = 80.66,SE=0.99
Group C cosvl = 81.72,SE=0.99
Group D coswl = 85.03,SE=0.99

Group E costl = 79.99,SE= 104
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switching for the Continuous Series |l

3.3.4 Within-category errors
A Friedman’s ANOVA showed that within category esincreased significantly as
the task became more difficult (see Table;#(2) = 207.95p = .0001. Follow up Wilcoxon

signed ranks tests showed this significance toepitest every level of difficulty CS2 to CS3
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T=23.30,p=.0001y =-0.55, CS3 to CS#=10.75,p =.0001y = -0.60. Kruskal-Wallis
tests revealed there to be no significant diffeednetween task versions over 2-category
switchingH(4) = 4.37 p = .358 or over 3-category switchiht{4) = 5.05,p = .282; however,
there was a significant difference over 4-categavitchingH(4) = 10.88p = .028.
Appropriately adjusted Mann-Whitney follow up tetfpha = .005) showed this difference
to be linked to the comparison between task vessfofMdn = 11.00) and CNMldn= 8.00),U
=132.50z=-2.73,p = .005,r = -0.18. Analysis of the type of errors showed 6%40 be

perseverative and 38.60% to be sequencing.

3.3.5 Between category errors

A Friedman’s ANOVA showed that between-categorgesincreased significantly
as the task became more difficult (see Table B1®) = 60.67p = .0001. Follow up
Wilcoxon signed ranks tests showed this not toidpeifecant between the first two difficulty
levels CS2 to CS3 = 0,p =.180,r = -.09 but was significant as the task becamednaZ&3
to CS4T = 2,p =.0001y = -.32. Kruskal-Wallis tests showed there to bbamo significant
difference between task versions over 3-categortckimg (2-category switching was not
analysed as no between-category errors were mdHbatatifficulty level),H(4) = 7.65p =
.105 and also no significant difference over 4-gatees,H(4) = 4.80p = .308. There was
one perseverative error, accounting for 0.90% efttital; 95.54% were sequencing errors

and 3.56% were errors of omission.
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Table 31Within and Between Category Errors at each Levéitffculty (2, 3 or 4 Categories) for

all Task Versions (A-E) on the Continuous Seriebadsk (N = 115).

Within-category errors Between-category errors

2 3 4 2 3 4
Group A
Sum 9 59 251 0 0 22
N 5 18 21 - - 5
Mean 043 281 1195 - - 1.05
SD 0.98 227 415 - - 2.31
Group B
Sum 11 115 240 0 5 15
N 7 23 24 - 2 7
Mean 046 479 10.00 - 0.21 0.63
SD 093 3.89 443 - 0.83 1.10
Group C
Sum 13 70 207 0 0 12
N 10 16 24 - - 5
Mean 054 292 8.63 - - 0.50
SD 0.72 3.23 3.87 - - 1.18
Group D
Sum 16 78 231 0 0 39
N 13 22 24 - - 11
Mean 0.67 3.25 9.63 - - 1.63
SD 0.70 231 347 - - 2.26
Group E
Sum 15 83 254 0 0 23
N 9 20 22 - - 6
Mean 0.68 3.77 1155 - - 1.05
SD 1.09 355 421 - - 2.10
Whole group
Sum 64 405 1183 O 5 111
N 44 99 115 - 2 34
Mean 056 352 10.29 - 0.21 0.97
SD 0.88 3.16 4.15 - 0.83 1.86
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3.3.6 Analysis of errors according to category type

The total number of errors per category type fahdask version was analysed (see
Table 32). A Friedman’s ANOVA showed that there \masgnificant difference between the
number of errors committed overall in each categmgording to typ%2(3) =3281lp=
.0001. Appropriately adjusted follow up Wilcoxomysed ranks tests (alpha = .008) showed
that Daysng produced significantly more errors than all otbategories, more than
Numberss; T = 1518,p = .003,r = .14, more than Montkg T= 1052,p=.0001 = .22 and
more than Letterg, T = 793,p = .0001r = .23 — see Figure 15 for a comparison between
task versions. There were also significantly marers in Numberg; than in Letterg, T =
1409,p = .006,r = .13. Kruskal-Wallis tests showed that the dédfertask versions differed
significantly on NumbenrgiH = 16.79,p = .002 and on Dayg H = 10.17p = .038 but not
on Monthg,y H = 3.66,p = .453 or on Lettekg H = 3.29,p = .51. Follow up Mann-Whitney
tests (adjusted alpha = .008) showed that differehetween tasks versions were almost
exclusively confine to the category Numherand were evident between versionMdf =
3.00) and version QMdn = 1.50),U = 126,z=-2.92,p = .003,r = -.03, between version C
(Mdn = 1.50) and version IMdn = 4.00),U = 130,z=-3.301p =.001,r =-.03 and
between version Gdn = 1.50) and version BMdn = 4.00),U = 116,z=-3.301p = .001r
= -.03. There was also a significant differencéhm category Daygy between version A

(Mdn = 3.00) and version QMdn = 1.50),U = 130,z=-2.81,p = .0005r = -.02.
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Table 32Mean Total Errors (Within and Between-Category) @ategory Type for all Task

Versions.

Mean errors per category

Numbers Days Months Letters

Group A(n=21)

Mean 3.05 4.52 2.76 2.67
SD 1.16 1.97 2.57 1.77
Group B(n = 24)

Mean 2.83 3.13 2.00 2.67
SD 1.95 1.94 191 1.58
Group C(n =24)

Mean 1.71 2.88 2.42 2.13
SD 1.40 1.48 1.59 1.60
Group D(n = 24)

Mean 3.46 3.29 2.42 2.00
SD 1.82 1.46 1.59 1.38
Group E(n =22)

Mean 3.64 3.86 2.73 2.36
SD 2.11 1.94 1.42 2.04
Total (N= 115)

Mean 2.92 3.50 2.45 2.36
SD 1.89 1.83 1.83 1.67

Group A:M = 3.25,SE=0.25
Group B:M = 2.66,SE=0.24
Group CM = 2.28,SE=0.24
Group D:M =2.79,SE=0.24
Group E:M = 3.15,SE=0.25

Numberavl = 2.94,SE=0.17

DaysM = 3.54,SE=0.17

MonthsM = 2.47,SE=0.17
LettersM = 2.36,SE=0.16
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Figure 15 Sum errors per category type for task siens A-E over 4-category switching on the

Continuous Series Il (refer to Table 28 for differg task order)
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4 Discussion

Task speech rate decreased for all task versmtigaask became more difficult. The
original version of the task resulted in the faisgggeech rate, although this was overtaken at
4-category switching by version C. Over 2-categamtching version D was the slowest at
over half the rate of version A; version A and Breveimilar, with versions C and E lying
close to each other in between the two extremesiMe A and D remained fastest and
slowest respectively at 3-category switching, befregonly significantly different
comparison. Task speech rate converged at 4-cgtegaiching with all versions scoring
within 0.06 w/sec of each other. Task versionfed the same pattern for switch cost
running from least cost for version A to most fersion D; convergence of scores again
increased as the task became more difficult withiescranging within 2.5% of each other

over 4-categories.

It is possible that individual differences coulataant for the differences in rate and
switch cost seen over 2-category switching; indraiddifferences in control have been
related to activation and maintenance of taskAetqver-Roig & Barceld, 2010).
Convergence between task versions of the Contin8euss Il at 4-category switching and
also between different versions of the verbal tadkxperiment 3 would suggest that
increasing difficulty is a limiting factor for sudahfferences in the task. It would seem
intuitive that individual differences in strategyuld more likely be seen when the task
became more difficult — variability in strategicopesses would seem less likely when the
task involves only alternation between two categgorHowever, individual differences as
well as inter-trial differences are a common featirtask switching studies (Karayanidis et

al., 2010). Given the relatively short duratiorttué Continuous Series Il it is possible that
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normal order differences from both these sourcesrare obvious at the 2-category level,
with slowing from increasing task difficulty maskithe effect as the number of categories
increase. Higher switch costs in the face of ineeeaask difficulty have been noted as a
factor to be controlled when probing individualfdiences in switching (Wager, Jonides &

Smith, 2006) so it would follow that difficulty wddiexert this masking effect.

Within and between-category errors also followesléktablished pattern of
increasing as the task became more difficult. Ftiim+category errors the most variation
between the versions occurred during 3-categorichimg, with version B scoring at least
30% more errors (and as much as almost 50%) thaotaer version. This variation reduced
to around 17% at 4-category switching, althougtwhie exception of version C all were
within 9% of each other. Between-category erroioed only at the 4-category level (with
the exception of 2 individuals from version B sograt 3-categories), with version D notable

for a relatively high score.

Difference between version A and all other versiohthe task was not uniform as
predicted. Version B, also beginning with ‘numbesgored very closely to version A for
rate and switch cost. As predicted by the thirddilgpsis these two versions resulted in faster
rate and lower cost than the other versions. Aleotersions of the task were significantly
different from version A during 2-category switcgibut the convergence caused by
increasing task difficulty overtook this differendeginning the sequence with the category
‘numbers’ clearly facilitated some kind of ancharior other beneficial effect during the task
(anecdotally reported as due to the continuousr@atithe category), in excess of any

difference caused by separating out short and ¢ategories. ‘Numbers’ also stands out from
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the other categories in that it is much more stiypagsociated with spatial representation
(Dehaene, Bossini & Giraux, 1993; Dehaene, PiaRireel & Cohen, 2003) which could also

have contributed to this ‘anchoring’ effect.

Overall ‘days’ produced the most errors — the ather significant difference was
between ‘numbers’ and ‘letters’ with ‘numbers’ sogrhigher. The category ‘days’ produced
the highest number of errors in all task versiorept for version D (see Figure 15) where
‘numbers’ was highest. There was no consensusdiaggplacement of the other categories
between task versions. The concentration of emoidays’ at the highest difficulty level is
therefore a feature of the category itself andralatted to confinement after the first switch
of the trial as would relate to cost distributiasted by Rogers and Monsell (1995). The
concentration of errors moved with the categorggathan remaining static at the second
category of four. It should be noted that two @& thsk versions, A and B, included ‘days’
during 2-category switching and, in line with treual patterns of costs at this level, hardly
any errors were reported. The task related aspedaygs’ which causes increased error
production only comes into play when the task avéecomes more difficult, possibly tying
in with the as yet unspecified factor of 4-categenjtching that causes convergence of rate

and switch cost at this level (and similarly witte two verbal tasks in Experiment 3).

In this experiment the task preceding ‘days’ isedtdnt every time (although the same
for versions A and B) so it cannot be said thatehe aspecificeffect of a recently
performed task (Mayr & Keele, 2000). Task diffigu{éd-categories) enhances the propensity
of ‘days’ for errors regardless of what the switsfrom (with the exception of version D

where ‘numbers’ (the third category) produces neosgirs with ‘days’ (the fourth category) a
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close second). Yeung & Monsell (2003) state thatahility of one task to interfere with
another (as in the case of asymmetric costs, AlliBiyles & Hsieh, 1994) is dependent on
the relative initial strength of those tasks (iaiticase the relationship between the task and
the stimuli). If the repeated ‘day’ suffix causesmfusion as to which item was last produced
and therefore which should be produced on the otiteration then ‘days’ could be
considered to be a weaker task and more prongddarence by the proximity of multiple
adjacent tasks. In this instance it would appeairttiree adjacent tasks is the rate limiting
step for this category. As there is no exogenouspoment to the task (stimuli or cues) then
reconfiguration to ‘days’, with the ambiguity ofepeated suffix, is done in an environment
where the ‘path’ to the task is not entirely cl@donsell’s mental gear shift idea (Monsell,
2003)). Perhaps facilitation of the switch with tee of an external cue would negate the
combination of complexity and task ambiguity andadegory switching — this is addressed

in Experiment 6, Chapter 8.

5 Conclusion

e In accordance with hypothesis 1, predicting grediticulty with increasing
categories, general patterns of rate, switch austearor increasing in line with task
difficulty are common to all versions of the taskese appear to not be artefacts of
task design, although there appears to be evidanoger-individual variation at the
lower level of difficulty.

e There is negation for hypothesis 2 (spatially saeteat versions of the task would
relate in different cost to the original versiongdasupport for hypothesis 3 (versions
starting with ‘Numbers’ would result in lower casthe order categories are placed

within the task does not make a lot of differerméhis overall pattern other than to
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identify a beneficial effect of starting the seqeemvith ‘numbers’. This reflects a

task specific feature but not one that seems te hadetrimental effect on switching
measures.

In support of hypothesis 4 (differential within-egory errors between categories), a
similarly task specific artefact is that of the bof errors follow the category ‘days’,
seemingly in accordance with the weakening (in teofitask and item maintenance)
effect of suffix repetition in the category. Thiswd suggest a degree of caution to be
exerted when interpreting error data at the md#tdit task level.

Overall the measure of switch cost and error inGbatinuous Series Il is a stable
phenomenon, although a degree of each (certairtl{heanajority) is attributable to

task related effects.
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CHAPTER SEVEN: EXAMINING THE LOAD OF

SWITCHING BETWEEN FOUR CATEGORIES

1 Introduction

This chapter addresses the issue of whether swijdietween 4-categoriper seis
the difficult aspect of the task or whether theunatof the categories (sequences which need
updating on every iteration) is the main contrilbutodifficulty. This is of particular
relevance to the convergence of both differentdy(Experiment 3) and different versions
(Experiment 4) of the task seen at the most dilfi@vel of switching. Switching in the
alternating runs paradigm incorporates mixing c{ségot, 1994), the time costs of
performing tasks in close proximity to each othadlitionally to the cost of switching
between them, seen in repeats in the mixed (A-A-B}Block. Such costs are known to
inflate measures of general switch cost and sadeof performing four tasks next to each
other may be additional to that of switching betwégem. Although mixing costs (as
determined for the alternating runs paradigm) aresed by response competition for bivalent
stimuli (Rubin & Meiran, 2005) still occurring ohd repeat as opposed to switch trials, they
could be seen to apply in a different form to thedsi-multivalent’ stimuli of the Continuous
Series Il. Switching to the category ‘days’ for exgle would provide the ‘stimulus’, for
which there are seven possible responses to comyedag costs have also been said to
reflect sequential elimination in search of thereor response (Steinhauser & Hubner, 2005)
which would fit particularly well with the naturd cesponse selection for overlearned
sequences. Braver et al. (2003) concur that (frevawsological point of view) a significant

degree of switch cost comes from the load of perfiog several tasks in close proximity to
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each other rather than just the act of switchiogifone task to another i.e. most costs are

global (that is including things other than thenedat related to switching).

Switching between four tasks is not usual in ttexditure (an exception being
Buchler, Hoyer and Cerella, 2008) unless, as ptshonoted, it is arrived at through a
factorial combination of two response choices a+i®l lBappings (e.g. Allport, Styles &
Hsieh, 1994, Experiment 1). The effect of thesesgoaxing costs (as they might apply for
‘stimuli’ in the verbal paradigm) for four separassks with four separate multiple response
sets is therefore unknown. By manipulating ¢batentof categories and removing response
competition it will be possible to assess switchimghe absence of any mixing-style costs,
As stated, they are thought the reflect responsgetition rather than working memory load
related to the number of tasks (Rubin & Meiran,200he current experiment comprises of
four difficulty levels but keeps the number of sshilng categories constant at four
throughout by utilising arbitrary non-updating agiges of repeated colour names. As such
the degree of competition for task responses niltéase as the number of overlearned
sequences increase. Therefore it will be possibteetermine how much of the general cost

relates to switching between four tasks and howhmalates to theontentof those tasks.

One obvious question relating to the constructibine Continuous Series Il is
whether switch cost in the verbal task (particylat the highest difficulty level) is due to
high cognitive load from the content of the indivad categories? While this undoubtedly has
a degree of relevance to all types of task switghinmight be particularly so for sequential
verbal tasks, which are more complex and ‘load ot the first place. Although the

Continuous Series Il has not been associatedaadititional memory load (Gurd et al., 2002)
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this assertion has not been specifically testedndg load is thought to be dissociable from
switching processes (e.g. Logan, 2004; Wager, &sr8dSmith, 2007) and as such would be
a co-contributor to overall general cost as meakuré¢he verbal task. While the use of
overlearned sequences is not thought to be paatlgubxing on working memory in itself
(certainly not as much as semantic categoriesjiskeof four switching categories may, by
itself or in combination with such sequences, leelithiting factor for verbal task switching.
It has been noted (Liefooghe, Barrouillet, Vandmelenck & Camos, 2008) that the act of
switching increases load on working memory (rathan working memory contributing to
switch cost). Recall was shown to decrease asdifumof the number of task switches - the
simultaneous load on item maintenance did not afl@dch costs. Task switching itself
incurs a cost on WM. So by this means the increasetber of switches at the highest level
of difficulty in the Continuous Series Il might bentributing to working memory load and,
by that circular mechanism, general cost accrugdanask. Conversely Ward, Roberts &
Phillips (2001) posited that extensive time forgaration and reliable predictability of the
switching task should extinguish the effects ofratige load. It could therefore be argued
that cognitive load should not overtly contributethe convergence effect seen in the

Continuous Series |II.

Reconfiguration accounts such as that of Rogerdviortsell (1995) consider
reconfiguration processes to be separate fromaskydroperties. Such separation is
demonstrated by the attribution of task relatedsi@ac errors and switch related wrong-task
errors (Arbuthnott & Frank, 2000). In the curretudy such errors are attributed to
Kahneman’s (2011) automatic System 1 (for taskreyrand the more effortful executive
System 2 (for switching errors), still differentrag between task contents and switching.
The type of difficulty experiencedithin-task in the Continuous Series Il and switchinglits
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contribute to switch cost in an additive mannerl{iRstein et al., 2001). However, the
isolation of switch cost from task effects, as préed by reconfiguration accounts, is
guestioned by results which show an effect oftyipe of task on switch cost (Chamberland &
Tremblay, 2011). This is despite previous studiesasng switch cost to be separable from
aspects relating to the speed at which a task eaatried out (e.g. Rubinstein et al., 2001
and Meiran, 2005). If thgypeof task/ category in the Continuous Series ll&(tiolour

version used in the current experiment) has a detrairie effect on switch cost then
reconfiguration might not be the sole cause of tleat. Although the calculation of general
cost in the verbal task does not allow separatfdask and switch related costs this does not
preclude the notion that switch related cost itsefht be vulnerable to the effects of task
features. The effect of the faster production tforehe single-syllable colour names is
negated by calculation of non-switching rate frggeedded production of those names in the

baseline condition.

In addition to the effects on switch cost, categmgtent might also have an effect on
the type of errors made during the task. It wooltbfv that within-category task related
errors cannot occur when the response is alwaysatime, as in the arbitrary colour
categories. There is however still the scope faorsrto occur between categories which have
thus far been associated with overall task difficahd have occurred most readily during 4-
category switching. It is not clear whether suadiomrsrare a feature of switching between four
categories or switching between four ‘complex’ gatges. If they are caused by thember
of switching categories then they should occullatifiiculty levels of the colour-based
Continuous Series Il as each level has the samdauof categories. If individual task
complexity is a contributor to between-categorpesithen their occurrence should change as

the number of overlearned sequences categori

ises. Any significant difference in the

a 't ua
L
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number of between-category errors would suggesttdsk identification’ errors do not
entirely represent failure of executive processesugigested by Arbuthnott and Frank (2000)
or the current reference to System 2. They wouldahrepresent at leasbmeelement of

task related factors. As such this would againio&dl question the suitability of a

reconfiguration-only account of costs and the dedin of error types.

2 Aims and Hypotheses

The aim of this experiment is to determine whetioat at the most difficult level of
the Continuous Series Il is due to maintaining feeparate tasks in memory or whether the

content of those categories is a main contribut@otst.

1. All measures will increase significantly as the rfn@mof overlearned sequences
contained within the task increases.

2. Within-category errors will only be committed inenearned sequence categories —
the distribution of errors according to categonyawvill favour overlearned sequences
over arbitrary categories, due to the repetitiveireaof the colour categories. Errors
will significantly increase as the number of ovarleed sequences categories
increases.

3. Between-category errors will occur in both categgpes (overlearned sequences and

colour categories) as they will reflect switchimgher than task content.
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3 EXPERIMENT FIVE

3.1 Method

3.1.1 Design
Task speech rate (w/sec), switch cost (% w/seeass) and total number of errors
made were assessed using a single 4-level facifficulty Level (1, 2, 3 or 4 overlearned

sequence (OS) categories).

3.1.2 Participants

The sampler(= 28, females = 21) were recruited from the Ursitgrof
Hertfordshire (undergraduate and taught postgradustchology students) and from the
wider community by word of mouth. Students receigedrse credit for participation; non-
students received no reward for taking part. Ofahginal 32 recruited and tested, one
participant was withdrawn from the analysis dua tmackward digit span score of 2 and a
large number of errors over 3 and 4 category switglsuggesting undisclosed non-
compliance with exclusion criteria. A second papant was withdrawn due to an inability to
complete the 4-category switching level and twoeneere withdrawn due to continual and
disruptive non-target utterances throughout thie. t& participants were right handed native
English speakers, screened according to the eriseti out in Chapter 2. Mean demographic
and baseline measures were as follows: Mg22.22 €D 6.96); NART IQM 100.41 6D
8.21); WAIS-R vocabulariv 10.22 6D 1.34); digit span forwart¥ 6.85 SD 1.10); digit

span backwart 5.11 SD0.93); normal speech raté2.55 SD 0.38).
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3.1.3 Stimuli

Unlike the original Continuous Series II, the Canobus Series 11l ‘dummy category’
task had four levels of difficulty instead of thré&each level continued for 23 iterations and
included four categories, using a mix of overledreequences and arbitrary ‘low load’
categories which required the same word (colouresno be repeated every time they
occurred, unlike overlearned sequences wheredheahanged every time (e.g. “1-red-
green-blue-2-red-green-blue...”). Difficulty lewghs determined by changing the ratio of
overlearned sequence: arbitrary categories ratlaerthe absolute number of categories; at
the lowest level the ratio was 1: 4, with overlesiisequence categories increasing
incrementally at each level, as shown in TableN8$1-switching speech rate was calculated

thus:Cat" + Caf® + cat® + cat® / 4.

Table 33Category Order and Start Points for Dummy Cate§fanbal Switching Task.

Difficulty level Categories & overlearned sequeiO&) start points

Number of OS 1  Numbers (‘3') — Red — Green — Blue

categories 2 Numbers (‘'6") — Days (‘Tuesday’) — Blue — Red

3 Numbers (‘4") — Days (‘Friday’) — Months (‘Octobgr- Green

4 Number (‘9") — Days (‘Wednesday’) — Months (‘Febinyigq— Letters (‘H")

3.2 Procedure

The background measures and task were adminissredlicated in Chapter 2 and
as for previous experiments. For the verbal switghask participants were instructed recite
four categories, progressing incrementally throiigims in sequence for the overlearned

sequence categories and repeating the same weadaiteration for the colour categories.
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3.3 Data analysis

3.3.1 Data distribution

Age and both digit span measures were found tmbenormally distributed: Age
W(28) = 0.59p = .0001, with 64% of the sample aged 18-20 yemsemting a marked
leptokurtic distribution; forward digit spam(28) = 0.91p = .015, presenting as mildly
platykurtic from scores 6-8; reverse digit spaf28) = 0.86p = .001 had a slight positive
skew with two high scores at 7. As previously ndtesldigit span measures were within a

clinically normal range (Lezak et al., 2004).

Task speech rate and switch cost were both nonallyraiistributed at the 40S
difficulty level, though this was not unexpecteccomparison to previous results: 4QS
W(28) = 0.89p = .005, with a positive skew due to a high scdre.66; 40 S3stW(28) =
0.85,p =.001, negatively skewed due to two lower scregresenting faster performance)
at around 80%. The violations were within normgdextations for the task and so both task

speech rate and switch cost were analysed paraaibtri

Colour categories produced no errors and so wereghrded for error distribution
analysis according to category type; the overlahssgiuence category from the 10S
Difficulty Level was excluded due to a lack of coanative categories. Both overlearned
sequence categories in the 20S Difficulty Levelewson-normally distributed: 2Q0Qors 1st
W(28) = 0.72p =.0001, with a positive skew caused by singleexat 3 and 4; 20&ors
ond W(28) = 0.68p = .0001, positively skewed due to a single sco® @he 30S level was

also non-normal throughout: 3Q%ys 15t W(28) = 0.88p = .004, presenting as platykurtic
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due to a dip at score 2; 3Q%rs 2nd W(28) = 0.91p = .019, positively skewed by scores at 8
and 10; 30Srors 3ra W(28) = 0.89p = .006, again showing a positive skew due to aesab

5. The 40S Difficulty Level presented non-normddly errors in the second and fourth
categories: 40§ ors 2nd W(28) = 0.85p = .001, showing a leptokurtic distribution due to
almost half the participants scoring at 3; 4Qss 41 W(28) = 0.86p = .001, positively
skewed due to an isolated score at 9. All measafresror per category position and the

comparison of total errors were analysed usingpemametric methods.

Between-category errors did not occur during 103@$ switching. Errors of this
nature during the remaining difficulty levels shalneon-normal distributions for 308/(28)
=0.34,p=.0001 and for 408/28) = 0.48p = .0001. Comparison of errors for these two

difficulty levels was made using non-parametric sugas.

3.3.2 Statistical tests

Task speech rate and switch cost were analysed asimgle factor GLM repeated
measures ANOVA; where indicated, potential covasatere additionally entered into the
analysis as between-subjects factors, as indicat€tiapter 2. Errors per category type were
analysed using a Wilcoxon signed ranks test for; 2305 and 40S were assessed using a

Friedman’s ANOVA, as were total errors per diffigullevel.

Significance levels for post-hoc contrasts madagistests or Wilcoxon signed ranks
tests were determined using Holm’s sequential Booifié adjustment throughout (Holm,

1979). All non-parametric significance levels axa@ measures; for Wilcoxon signed ranks
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tests this is indicated in the text as one or taitedl as appropriate. Effect sizevas
calculated in the following ways (Field, 2009)ests \ ((t> + (t° + df)); Wilcoxon signed

ranks, test statisti¢ + Y number of observations.

3.4 Results

3.4.1 Descriptive and preliminary statistics

As predicted, speech during the task became slameégmore costly as the number of
overlearned sequence categories increased; thatwtdoer of errors also increased in line
with this. ‘Days’ was only the most error-ladeneggdry during the 30S difficulty level; at 2
OS it was beaten by the first category, numbers,aadOS days only exceeded numbers by

1 error.

Age correlated significantly with NART 1Q,= .67,p = .0001, WAIS-R vocabulary,

r =.50,p=.007 and 20Qe, r = .41,p = .032. As expected NART IQ correlated significgntl
with WAIS-R vocabularyyr =.70,p = .0001 and also 2Q&, r =.45,p=.016 and 30K, r
=.40,p = .036. WAIS-R vocabulary was also found to coteelaith 20, r = .42,p =

.026. Forward digit span predictably correlatechweéverse spam,= .61,p = .001, with the
three most difficult task speech rate measuregstandhiddle two switch cost, 2Q&, r =
.50,p=.007, 300G, I =.61,p=.001, 400G, I = .50,p=.007, 20 I = -.47,p = .011,
30S.s I =-.52,p=.005. Reverse digit span correlated with the samaasures, 20%., r =
.55,p=.003, 30Ge, I =.48,p=.010, 40%e, I = .44,p= .019, 20 I = -.48,p = .010,
30S0s I =-.40,p=.037. Normal speech rate did not correlate va#k tspeech rate or

switch cost at any level of task difficulty.
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3.4.2 Task speech rate

A one-way GLM ANOVA showed that difficulty level atent had a highly
significant effect on task speech (see Table 34)wath rate reducing as the task became
more difficult (see Figure 16)\ = 0.02,F(3, 25) = 333.78p = .0001,n° = 0.98.
Appropriately adjusted follow up paired samptdssts showed this reduction to be
uniformly significant, 10S-20827) = 16.55p = .0001, 10S-308§27) = 28.27p = .0001,
10S-403(27) = 31.11p = .0001, 20S-30§27) = 18.76p = .0001, 20S-40§27) =

20.59,p = .0001, 30S-40§27) = 13.09p = .0001.

For the purposes of covariance, reverse digit sgemnstratified into a categorical
variable, Low (score of 4= 9,M = 4), Medium (score of % = 10,M = 5), High (score of
6-7,n=9,M = 6.22) and entered as an independent measutablegisee Chapter 2). There
was no independent effect of reverse digit span,0.76,F(6, 46) = 1.13p = .358,1° = 0.13

and so no covariance attributed to this variable.

Table 34Descriptive Statistics for Sample (N = 28) on T&gleech Rate (w/sec) and Switch Cost (%
increase) for the Continuous Series lll.

Continuous Series llI
10Scat 20Scat 30Scat 4 OS cat

Task speech rate (w/sec)

Mean 2.67 1.52 0.54 0.33
SD 0.42 0.37 0.15 0.11
Switch cost (% increase)

Mean 23.21 55.00 81.95 89.99
SD 11.52 10.63 5.75 3.50
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3.4.3 Switch cost

A one-way GLM ANOVA showed that content of diffityllevel content had a
highly significant effect on switch cost (see TaB which increased in line with difficulty
level (see Figure 17\ = 0.02,F(3, 25) = 368.39 = .0001,n° = 0.98. Follow up pairwise
comparisons indicated this to be uniformly sigrfit, 10S-20%27) = -15.48p = .0001,
10S-303(27) = -29.42p = .0001, 10S-40§27) = -32.94p = .0001, 20S-30§27) = -

18.58,p = .0001, 20S-40§27) = 22.02p = .0001, 30S-40§27) = -11.01p = .0001.
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Figure 16 Mean task speech rate (w/sec) for allfidifilty levels of the Continuous Series IlI verbal
switching task
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100.007

Error bars = 95% C.I.

80.007

60.00—

40.007

Mean switch cost (% w/sec increase)

20.007

Figure 17 Mean switch cost (% w/sec increase) ftirfar difficulty levels of the Continuous Series
[l verbal switching task

3.4.4 Errors per category type

For difficulty level 20S, although errors decreaf®in Numbersgs; to Days,g (See
Table 35), a Wilcoxon signed ranks test showedtthatdecrease was not significdnt 6, p
=.506,r = -0.13. For difficulty level 30S a Friedman’s AN® showed that the number of
errors changed significantly according to catedgpg,%(2) = 13.28p = .001; Table 35

shows Numbeikg; and Monthgg to have similar scores, with Daygscoring almost twice as
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highly. Follow up Wilcoxon signed ranks tests shdwimberss; scored significantly lower
than Days,q T = 4,p = .005,r = -.53, that there was no significant differenetneen
Numberss;and Monthgy T = 12,p = .804,r = -.05 and that Monthg also scored
significantly lower than Daygq T = 4,p = .001,r = -.60. Finally, for 40S the Freidman’s
ANOVA showed a significant difference in errors axting to category typ@2(3) =16.54p
=.001; Table 35 shows this as very similar highres for Numberg; and Days.q and lower
scores for the last two categories. Follow up Witmo signed ranks test showed no
significant difference between Numbgfsind Days,q T = 10,p = .714,r = -.07 or between
Monthsyq and Letterg, T = 8,p = .135,r = -.28; errors in Numberg were significantly
higher than in Monthg T=7,p = .026,r =-.42 or than in Lettexg T = 4,p = .001,r = -.60;
errors in Days,g were significantly higher than in MonthsT = 8,p = .024,r = -.43 or than

in Letterg;, T =4,p=.003,r =-.56.

Table 35Descriptive Statistics for Errors per Difficulty e and Category Type (N = 28).

Continuous Series Il
1 OS cat 2 OS cat 3 OS cat 4 OS cat

1* 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Sum 4 0O 0O 0| 20 15 0 0 47 93 45 0 105 106 77 61
n 3 - - - 12 10 - - 21 26 21 - 27 26 26 21
Mean 0.14 - - - 0.71 0.54 - - 1.68 3.32 1.61 - 3.75 3.792.75 2.18
SD 0.45 - - - 1.05 0.84 - - 1.33 2.61 142 - 1.94 1811.62 2.20
1 OS cat 1: Numbers 2 OS cat 1: Numbers 3 OS ddtithbers 40S cat 1: Numbers
1 OS cat 2: Red 2 OS cat 2: Days 3 0OScat2: Days 4 OS cat 2: Days
1 OS cat 3: Green 2 OS cat 3: Blue 3 OS cat itMo 4 OS cat 3: Months
1 OS cat 4: Blue 2 OS cat 4: Red 3 OS cat 4:1GGree 4 OS cat 4: Letters

3.4.5 Between-category errors per difficulty level
No between-category errors were made during 1®& switching — descriptive

data for the two difficulty levels was as follovBDS (sum = 7N = 3,M = 0.25,SD= 0.84)
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and 40S (sum =20 = 6,M = 0.71,SD= 1.72). Using a Wilcoxon signed ranks test
between-category errors for the two difficulty ls/evere found not to be significantly
different, T = 8,p = .158,r = -0.27. None of the errors were perseverative% WYee

sequencing errors and 10% were errors of omission.

4 Discussion

Both task speech rate and switch cost changedismmiy at every level of
difficulty, indicating that difficulty was relatetb some degree to the content of the categories
and not just to the number of categories beingched between. It would seem that
proximity costs relating to performing four taskgéther, in a similar vein to mixing costs in
the alternating runs paradigm, account for a legedion of the overall general cost. It had
been suggested by Braver et al. (2003) and otkeagsl(os, 1996) that the majority of costs
were related to this proximity effect but, for tGentinuous Series Il task at least, it would
seem that taskontentrelated costs account for more than proximity. €&ahswitch cost for
the Continuous Series tasks incorporates bothdseof switching between tasks and the
cost of switching within tasks. Although a subst@rmount of cost is attributable to the
content of the categories being switched betweern@ease of almost 67% switch cost
from 1 overlearned sequence to 4 overlearned segsgrthis is not to say that Continuous
Series switching is any less valid than switchiagagigms using less complex dual decision
(e.g. number parity) tasks. It also has to be askentged that complex task switching such
as is carried out in everyday life involves mangtian of the tasks as well as switching
between them. They are not empty place holders seen in real world studies of multi-
tasking. For example, managing multiple office dtigs (Gonzalez & Mark, 2004),
combining factual recall and game-play (Ratan, &&ruz & Vorderer, 2007) or considering

factors such as task urgency and duration in fieas¢enarios (Wickens & McCarley, 2007).
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Switchingwithin a task and the ensuing addition to cost of taskptexity must be a feature

of any realistic measure of task switching.

Updating an item in an overlearned sequence shmilde any more complex than
configuring the correct S-R mappiagdthen choosing the correct response when both have
a dual nature, for example Allport, Styles &Hsi@8%94). A highly overlearned sequence
item will surely be more readily available thareaently learned and sometimes arbitrary
combination of relationships which contradict theimes when mappings change. The 1
overlearned sequence (easiest) condition also stimwshere is still a notable cost of
switching (almost 25%) between four categories wthemeed to switch within is removed.

It must therefore be assumed that an undisclosgmpof the task related costs seen in
relation to the increasing overlearned sequenctenbof the task must be accounted for by
direct switch related costs. The limitation of taculation of general cost is that task,
proximity and switch costs are inevitably mergdédanémory load is indeed dissociable from
switching processes (Logan, 2004; Wager, Jonid8snfth, 2007) then both must be
represented in what is taken to be non-proximiielated costs, as demonstrated by the 1
overlearned sequence condition . Separation ofipityxcosts at least (in comparison of 1
overlearned sequence and 4 overlearned sequenditi@os) is possible to a degree and so

the contribution of these mixing-style costs carablkenowledged.

It was posited that a demonstrable effect of caiegontent on switch cost might
indicate that reconfiguration is not the sole caafseost, in line with recent work showing a
direct effect of task type on cost (Chamberland&inblay, 2011) and a consequent lack of

separability between the two. There is a cleaatfdf task content on switch cost in this
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instance, although it is acknowledged that theneabfi cost calculation in the verbal task
masks direct switch costs within these task relateds. It must therefore be considered that
other causes of cost such as carryover of activditam the last task might be at play. There
is no overt indication of carryover in particulag might be suggested by perseverative
between-category errors. However, again the caloulaf general cost places a limit on the
degree to which finite sources of cost can be iledt A non-exclusively reconfiguration
source for cost must at least be considered orbdsas. However, Baddeley, Chincotta and
Adlam (2001) suggest that recitation of overlearseguences block the phonological loop,
used presumably for recitation of task order segeiema the mechanism of inner speech
(Bryck & Mayr, 2005), with little attentional dem@nThis would suggest that task related
load and attentional switching processes could teathselves to being separated out (as
suggested by Rubinstein et al., 2001 and Meirad5R0 he blocking of the phonological
loop would tie in with the profusion of betweenagadry errors of the sequencing type
(categories in wrong order rather than persevaratidhe last category. The lack of
perseverative errors is already noted) and wowddhsas evidenced by the low rate of
between-category errors, to be a partial and suntable effect. The suitable error pattern
would seem to make Baddeley and colleagues’ exfitamaf overlearned sequence action
more plausible. Thus the content related load tdgmies in the Continuous Series tasks
would appear to give further evidence to an adelitiontribution to general cost and, if
separable from attentional switching processes]dvoot preclude a reconfiguration-only

source for those switching processes.

Analysis of errors per category type at every diffiy level confirmed that, as
predicted, there were no errors of either typeny @f the colour categories. Removal of the
need to update items in these categories confitivetcerrors of the within-category type are
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entirely task related as indicated by Arbuthnott &mank’s (2000) interpretation and the
suggestion that they are under the control of theraatic System 1 (Kahneman (2011). Both
relate to task-related issues, albeit in diffesgays (Arbuthnott via WM and Kahneman via
the type of control). Unusually the category ‘dagsl not produce significantly more errors
at the highest difficulty level of 4 overlearnedjgences — the category did produce
significantly more errors during the 3 overlearseduence trial. No clear reason for the lack
of prominence for ‘days’ presented itself and softhding could be anomalous. Any
difference between Continuous Series Ill and previoresentations of the verbal task would
have to be related to the preceding trial (3 oeered sequences with four categories
including one colour). There is no obvious reastry mcreased task difficulty in terms of
number of categories on the preceding 3 overleasaqdence trial would increase errors for

the category ‘numbers’ (this scored one error fean ‘days’).

As well as being absent from colour categoriesybeh-category errors were seen to
increase with the number of overlearned sequerteg@aes present in the task. That no such
errors were committed in relation to colour catégowould suggest that the content of the
categories contributes to occurrence of the eandsso they may not be entirely executive
related as suggested by Arbuthnott and Frank (280@)he current work. However, this is
not to say that such errors are necessarily eptineimory based . Gurd et al. (2003) have
suggested that task switching errors are not iablyitmemory related, although offer no
further discussion as to their source. The lacHfitbérentiation between error types in the
literature and indeed the lack of consideratioerobr rates at dlfgive limited background

against which to interpret the presentation ofrerates in the current work. Interpretation of

" For example, Gilbert & Shallice (2002) disregaistdssion of error rates in their work “...since néaT
times have received greater attention than errossuidies of task switching...” (Gilbert & Shallic002),
p.314)
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between-category errors as relating to Kahnema&d$1) System 2 would dictate that such
errors are following interpretation of rules and analytic and sequential (Tsujii &
Watanabe, 2009), in effect executive errors. HowewM supports System 2 thinking,
offering a workspace within which to reason. Betweategory errors may therefore reflect
some element of WM as well as (and inevitably comtant to) executive function.
However, accounting for memory in this error tyjpeg no further in explaining why it does

not occur of colours. Is it instead entirely taslated?

Equally it could be that repeating the same responsr and over, as for the colour
categories, does not constitute a task switcharsime way as a two choice decision (as in
the Arbuthnott and Frank and many other studiesgrd could be a threshold for activation
of executive errors which requires some executorgent to the task. This might act in a
similar way to the suppression threshold suggedsyedeung and Monsell (2003) for
asymmetry related interference. In the same watythigaability of tasks to interfere with each
other temporally was relative to their comparatieatent, the ability of tasks of categories to
interfere with each other at an executive sequeriewvel may be relative to there being an
executive choice-based element to that categorgietsuch conditions the assumption that
between-category errors would occur in colour aaieg would be erroneous. Unlike the
Arbuthnott and Frank study the majority of betweategory errors were again sequencing
rather than perseverative. This suggests thatadiivfor the previous task is not ‘lingering’
as in a TSl-based account of switch cost (AllpStyles & Hsieh, 1994), although again the
limitation of not being able to differentiate be®vealternating and non-alternating per-
switch cost restricts the certainty of this supfposi However, the nature of between-
category errors may cautiously be taken as suppoéa reconfiguration basis for switch cost.
This is in conjunction with the proposed thresh@quirement for category content which
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would support separation of task and switching @sses (lack of errors in colour categories

would otherwise suggest incomplete separation).

As a caveat it should be noted that, as well dereiftiating between decision (task
related System 1) and switch (executive Systemr@ysusing surface features relating to the
content of the errors (right task/ wrong item arrdng task respectively), Arbuthnott and
Frank (2000) typified task related (within-categogeyrors as occurring uniformly across all
switching conditions. Executive errors occurred enioequently in the alternating switch
condition (A-B-A) than the non-alternating (A-B-@hd no-switch conditions. The no-switch
equivalent in the Continuous Series tasks is tmegvatching baseline, which is of limited
duration (15 seconds per category) in comparisghedull task. Within-category errors
(task-related decision error equivalents) at thisdtine stage are rare, due to the overlearned
nature of sequences and truncated length of theDag to the continuous nature of the task
and the calculation of general switch cost it ispmssible to make any comparison to the
alternating and non-alternating switching condigioamthe Arbuthnott and Frank study. The
possible limitation of comparison of within/ betvmeand decision/ wrong-task errors using
only the surface features of error content shoelddknowledged, although no other
description of errors in the literature is as anfdm#o error production in the Continuous

Series tasks.

5 Conclusion

¢ In line with both hypothesis 1 (difficulty wouldenease with number of categories)

and all other versions of the task, rate, switct eamd number of errors increase as
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the task becomes more difficult in terms of inchegshe number of overlearned
sequences.

More cost seems attributable to the content thamtimber of categories being
switched between, although whether single respongiee colour categories fully
constitute a task in the more usual sense is qumediie.

While calculation of general switch cost does rlmvadirect switch costs to be
explicitly separated from task and task proximivgts, it is clear that some portion of
overall costs are attributable to direct switchtsos

The effect of category content on switch cost istaken to exclude reconfiguration
as a source for switch cost — the task relatedafgstoducing overlearned sequences
is seen as separable from attentional switchintscasgequirement for
reconfiguration accounts.

Hypothesis 2, that within category errors wouldwaanly in overlearned sequence
categories, is supported.

Hypothesis 3, that between-category errors woutdiiom both category types. is not
supported. The lack of between-category error®iour categories is interpreted in
terms of a threshold relating to task content keathan being tied to the content of
overlearned sequence categories, which would stiggemn-reconfiguration basis for
switch cost, the error production is suppressecd@oinitiated) by théack of content

in the colour categories.
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CHAPTER EIGHT: INVESTIGATING THE USE OF

CONTINUOUSLY AVAILABLE EXPLICIT CUES DURING

VERBAL TASK SWITCHING

1 Introduction

Chapter six discusses the use of cues with theilants Series Il task. The verbal
switching task typically makes no use of externpligsented cues or stimuli. This arguably
increases memory load during the task by reliamctoeknowledge, although the
overlearned nature of the categories is assertedrtionise any such effects (Gurd et al.,
2002). Additionally this does away with the neegbtocess any additional cue information
(Logan & Bundesen, 2003, 2004). It has been ass#rég uncued switching sequences are
too burdensome to working memory (Rogers & Mond€lB5) but this has been countered
by the claim that highly familiar and explicit cuesternalise too much of the decision
process in switching (Rubinstein, Meyer & Evan9)P0 Reliance on foreknowledge places
greater demands on self initiated preparationvotcking than reliance on cues, which has
the support of an external trigger for switchirtghds been found that PD patients cannot
make use of foreknowledge in the absence of cuesh{#id, Koch, Reichert & Brass, 2007),
providing evidence for separation of these prepargirocesses. Logan and Bundesen (2003)
go further by stating that the use of cues durimigching entirely negates the need for self
initiated control. However, Monsell and Mizon (2006fute this with the claim that task
predictability was not controlled for in the Logand Bundesen study, removing the

requirement for active use of cues to indicateufpeoming task. Clearly the comparison
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between foreknowledge and cued task identity ischear cut, with processing advantages

and disadvantages associated with both.

The use of cues more generally allows for manipatadf the cue-stimulus interval

(CSI) and the utilisation of an unpredictable tastter (e.g. Monsell, Sumner & Waters,

2003). In such circumstances the longer the CSgtbater the reduction in switch cost due

to maximal preparation time for the upcoming tahke incremental updating of items within

categories in the Continuous Series Il and thalfix@ler of the task sequence does not allow

for random task order. Manipulation of CSl is tHere not practical (see Figure 18) and so

cues used during the current task are continuawdilable. This has the advantage of only

requiring cues to be processed once at the begjmiithe task, much as the instructional cue

paradigm employed by Logan & Schneider (2006a).

(a)
Response Task cue Next stimulus
detected
RCI Csl
RT RSI RT
(b)
Response RRI Response
detected detected

i e e —

RT (continuous)

Figure 18 Typical cued switching task (a) and vefsavitching task (b). RCI = response-

cue interval; CSI = cue-stimulus interval; RSI = sponse-stimulus interval; RRI =

response-response interval; RT = reaction time
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The type of cues used in the current study are evivokrd (‘Days’) and initial letter
(‘D’ = Days) cues. Both are linguistic and relatedhe upcoming task but vary only in their
physical length and explicitness. A similar fornqasing arbitrary rather than initial letters)
has been used by Logan and Bundesen (2004) tatigetescoincidence and divergence of
cue and task repeats; differences in data wertedeta differential processing of the type of
cue. In accordance with this, Lavric, Mizon & Metig2008) found additional left
hemisphere processing in response to a picturp@sse to a verbal cue, suggesting
additional translational processing was requiredHe picture cue. Elchlepp et al. (2012)
used ERP data to show that use of an explicit Velmhas a ‘special efficacy’ in triggering

advance TSR and refocuses attention automatically.

It is expected that whole-word cues will have adeal effect on switch cost.
Monsell (2005) states that explicit external wove€ are supportive of verbal self-
instruction. Goshcke (2000) goes further in stathrag linguistic self-instruction is critical for
task-set reconfiguration. Monsell notes that difficult to directly compare verbal and non-
verbal (pictorial, symbolic) cues as it is hardrtatch all properties other than their linguistic
content. It is likely that translation will be raced for initial letter cues so these will be less
successful than whole words — cue translation kas kited as a contributor to the inhibitory
costs of backward inhibition (e.g. Grange & Hought®010). It is unclear whether the cost
of translation will supersede the assumed benkiismg a cue. Appropriate verbal cues such
as full names should alleviate the need to maké&aven as in the use of inner speech as a
self-cueing device (Emerson & Miyake, 2003; KrapeE& Lindenberger, 2004). It has been
found that use of a verbal cue (e.g. ‘colour’) j@dit overcomes the suppressive effect of
irrelevant speech during switching (Miyake et 2004). Therefore full name cues should
overcome any suppressive effect that rehearsirgont order using inner speech has on
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updating of items within categories. As a resuét akfull name cues (and to a lesser extent
initial letter cues) should result in a reductiarthe number of within-category errors as well

as reducing switch cost.

Although the Continuous Series Il is not felt taeedy load working memory during
switching (Gurd et al. 2002), the ‘double switclature of the task (switching between
categories and updating items within categoriegjdcbe construed as more complex than
tasks generally seen in the literature, particylatithe most difficult 4-category level.
Increasing the number of switches has been fouimittease interference with working
memory (Liefooghe et al., 2008). The use of cordirsly available cues will remove the
need to remember task order (removing the neeelymn foreknowledge of the task) as well
as item order. Due to the more complex nature @ttnstituent tasks there will still be an
executive element within the tasks, thus addresRudginstein, Meyer & Evans’s (2001)
criticism that explicit cues remove too much of teeision making process from switching
while still addressing the question of working meyload (Rogers & Monsell, 1995). The
need to rely on foreknowledge will be removed inay that places less processing load on
the use of cues. As such it is predicted that bgibs of cue will reduce the degree of switch
cost produced at each level of difficulty. Wholerdigues will be expected to be more
successful in this due to the reduced processipgineament compared to initial letter. The
benefit of whole word cues is expected to be mbstaus at the 4-category switching level,
due to the greater interference in working memanysed by the greater number of switches

(as per Liefooghe et al., 2008).
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As well as reducing switch cost, the alleviatidm@mory load for category order is
expected to extinguish between-category errorfiodigh such errors are posited as being
under the control of System 2 (Kahneman (2011hat they represent executive control of
switching, it should be remembered that Systemudderpinned by WM. Between-category
errors occur as the task becomes more difficultthadheed to rely on foreknowledge of task
order increases — errors of this nature do notrostien switching between only 2-
categories. Reliance on foreknowledge in this wauld explain why between-category
errors in the Continuous Series |l would appedra@t least partially memory reliant. It has
been previously stated (Experiment 5, Chapter &) lletween category errors might not be
fully representative of executive control over shing'®. If between-category errors are just
a case of forgetting then use of cues (particulatiple word cues) will eradicate them. If
between category errors are not eradicated themisafely be concluded that they are not
wholly memory related and do largely draw on exieufailure (which would also explain

their rarity in healthy participants).

2 Aims and Hypotheses

The introduction of full name and initial letterrgiantly available cues to the
Continuous Series Il is predicted to reduce rekama foreknowledge for task order, resulting
in a reduction in switch cost, a reduction in wititiategory errors and elimination of
between-category errors. Full name cues are pestliotbe more successful than initial letter

cues.

8 Although it was noted that the lack of betweeregaty errors in colour categories could have besntd the
lack of executive content in the task.
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1. Cues of both types will reduce switch cost, initedter cues to a lesser degree than
whole word cues.

2. Cues of both types will reduce within-category esraue to their ability to overcome
the suppressive effect that rehearsing categomsr onight have on producing
category items.

3. Cues of both types will eliminate between-categargrs as they will be supportive
of verbal self-instruction/ inner speech. This willlicate a memory element for such

errors as suggested in Experiment 5, Chapter 7.

3 EXPERIMENT SIX

3.1 Method

3.1.1 Design

Task speech rate (w/sec) and switch cost (% wrszease were assessed using a 3 x
3 mixed design, with a between-participants faofa€ue type (None, Low and High and a
within-participants factor of Task Difficulty (2, & 4 categories). Within and Between

category errors were assed non-parametrically

3.1.2 Participants
The sampleN = 124, females = 93) were undergraduate and tqaagigraduate
students from the University of Hertfordshire wieaeived course credit for taking part and

individuals from the wider community recruited bprd of mouth who received no payment.

*Low’ and ‘High'’ refers to the level of semantiomtent.
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All participants were right handed native Engligleakers and were screened according to
the criteria set out in Chapter 2. Of the origih36 participants recruited and tested one was
excluded due to an extreme number of errors (009 4ccuracy) during 4-category
switching, one was excluded due to a total inagbititkeep category order over 3 and 4-
category switching, six were excluded due to edidgontinuation (completing 25-40%) of
4-category switching, three due to very low NARTdEbres and one due to late disclosure
of screening ineligibility. The cue groups did wiffer significantly on demographic or

baseline measures (see Table 36).

Table 36 Demographic and Baseline Measures for Cue Sample.

Group Age NART IQ WAIS-R Digit Digit Conv.

vocab. span span speech
forw. backw. rate

Whole sample

(N = 124%)

Mean 25.71 102.13 10.67 6.79 4.77 2.58

SD (10.09) (8.04) (2.07) (1.22) (1.08) (0.55)

Cues = None (n =41)

Mean 26.28 101.87 10.49 6.97 4.82 2.58

SD (10.55) (8.30) (2.00) (1.27) (1.14) (0.60)

Cues = Low (n=41)

Mean 25.40 101.48 10.78 6.83 4.80 2.55

SD (9.68) (7.58) (2.21) (1.01) (0.99) (0.61)

Cues = High (n = 42)

Mean 24.90 102.88 10.61 6.63 4.80 2.63

SD (9.79) (7.94) (2.02) (1.34) (1.10) (0.45)

* Whole sampléN = 123 for WAIS-R,N = 121 for normal speech rate

3.1.3 Stimuli

For all cue conditions the Continuous Series lk taas used, the only difference
being the type of cues presented — no cues (‘Nplosi) semantic content cues (‘Low’) and
high semantic content cues (‘High’). Low and higim&ntic content referred to the

relationship between the cue and the target cagegath the cue presenting either the initial
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letter or whole name of the category e.g. ‘N’ oufiNber’. Cues were presented centrally

placed in black Arial font (bold, size 36) on atlgpPC, using MS PowerPoint 2007.

3.2 Procedure: Deviation from general method

The procedure followed that described in Chaptep 2ntil commencement of the
switching task. Participants in the ‘no cue’ cdiwh proceeded as per the general method
description; those in the two cued groups were tloddl a visual aid would be placed in front
of them (see Appendix D for full instructions). e order of categories for each level of
the task was explained, the experimenter pointédeaelevant cues, which remained in
place for the duration of that level of the taskeTprocedure was repeated for each difficulty
level. The position of the cues was adjusted tcegreelevel of each participant and presented
approximately 60 cm in front of them on a laptoppuiter, as previously described. The
keyboard of the computer was covered with a shieghite card so as to prevent any

additional or conflicting letter or number cues.

3.3 Data Analysis

3.3.1 Data distribution

Normality of all variables was assessed using tegp$o-Wilk's test with
significance set at .01 andzéimit of + 2.71 (equivalent to an level of .01 (Field, 2009)) for
assessment of skewness and kurtosis where applidsipt was non-normally distributed
W(120) = 0.73p < .0001, as was WAIS-R vocabulaif124) = 0.96p = .001.Both digit
span measures were non-normally distributed— faWwgd20) = 0.93p < .0001 and reverse

W(120) = 0.89p < .0001.
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Task speech rate for the whole sample over 4-catsgwas found to be non-
normally distributedyM(120) = 0.93p < .0001; this presented as a leptokurtic distrdsut
peaking at around 0.25-0.35 w/sec with a signifizascore of 1.58 for kurtosis. However,
non-normal distribution over 4-categories was etgubadn line with previous experiments,
and so parametric measures were used. Switchaa$tef whole sample was non-normally
distributed over 2-categoried)120) = 0.96p = .001, 3-categorie$y(120) = 0.96p = .003
and 4-categoried\(120) = 0.95p < .0001. However, as data was largely symmetanédl

had no outliers, a transformation was not applied @gata was analysed as is (Howell, 2002).

Within-category errors were found to be non-norgndiktributed over 2-categories
W(120) = 0.56p < .0001 and over 3-categori4120) = 0.90p < .0001; due to the validity
of a zero score for these variables, transformatias not considered and they were assessed
non-parametrically due to the severe non-symmetis&ribution. All levels of the task
showed a non-normal distribution for between-catggorors (no errors were scored over 2-
categories), 3-categori®¥120) = 0.26p < .0001, 4-categories(120) = 0.41p < .0001;
these were again analysed using non-parametrg #&isimeasures of self-corrections from

between-category errors presented non-nornpedly0001.

3.3.2 Statistical tests
Significance levels for post-hoc contrasts madagisitests or Wilcoxon signed ranks

tests were determined using Holm’s sequential Booifié adjustment throughout (Holm,
1979). All non-parametric significance levels axa@ measures; for Wilcoxon signed ranks

tests this is indicated in the text as one or taited as appropriate. Effect sizavas
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calculated in the following ways (Field, 2009)ests \ ((t> = (t* + df)); Wilcoxon signed

ranks, test statisti¢ + v number of observations.

Task speech rate, switch cost and local switchwest all analysed using GLM
mixed ANOVAs and ANCOVASs, where potential covarateere indicated by bivariate
correlational analysis. Within category errors wasseessed using a Friedman’s ANOVA and

between category errors using the Wilcoxon sigae#s test.

3.4 Results

3.4.1 Descriptive and preliminary statistics

As with all previous presentations of the Contina@eries Il, task speech rate
decreased and switch cost increased as the taaknbeunore difficult (see Table 37) — cue
groups did not appear to differ from each otheraeatly in this regard. Within-category
error distribution (see Table 38) did change betwgr@ups — ‘None’ and ‘Low’ groups
returned around twice as many errors as ‘High’ @+reategories. ‘Low’ and ‘High’ scored
similarly over 3-categories, with ‘None’ scoring rgmally less. There was more of a
stepped distribution over 4-categories, with errocseasing as the cue became more explicit.
No between-category errors were made over 2-caesgakll cue types scored similarly over
3-categories. However, there was a marked differener 4-categories with ‘None’ scoring

around 87% more errors than the two cue conditions.

Age was found to correlate with NART 1Q7= .54,p < .0001 and with WAIS-R

vocabularyy = .30,p = .001 (all significance values two-tailed). NARY also correlated
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with WAIS-R vocabulary = .67,p < .0001, forward digit span=.30,p = .001, reverse
digit spanr = .31,p <.0001, CS@e r =.24,p = .006 and CS4.r = .26,p = .004. WAIS-R
vocabulary correlated with C&2r = .19,p = .036. Forward digit span correlated with
WAIS-R vocabulary = .35,p, .0001, reverse digit sparF .55,p <.0001, CSgie r =.20,p
=.025, CS3e r =.39,p<.0001 and CS4e r = .44,p<.0001, CS@str =-.27,p = .002 and
CS4sir =-.21,p = .018. Reverse digit span showed correlations WIAIS-R vocabulary
=.31,p <.0001, speech rate= .20,p = .029 and all three rate measures GSR= .34,p <
.0001, CS3e r =.36,p<.0001 and CS4.r = .41,p <.0001. Consequently both forward
and reverse digit span were highlighted as a plessdyvariates for task speech rate and

forward digit span as one for switch cost.

3.4.2 Task speech rate

Task speech rate (see Table 37 and Figure 19) dlsigaificantly as the task became
more difficult, A = .06,F(2, 120) = 990.2% < .0001n° = .94. Post-hoc pairwise
comparisons showed this difference to be signitieamll levelsp < .0001. There was no
significant effect of cue typEe(2, 121) = 1.31p = .273,112 = .02 and no significant
interaction,A = .93,F(2, 240) = 2.25p = .0641* = .04. Both forward and reverse digit span
were stratified — forward digit span (Ldw = 5.58, HighM = 8.269), reverse digit span
(Low M = 3.79, HighM = 5.51). These were entered into the analysigterchine any
covariate effect. These were found to be indepahdean-significant: digit span forward
(stratified)F(2, 107) = 1.68p = .192,n% = .03; digit span reverse (stratifigfl)l, 107) =

0.82,p = .3681% = .01.

8 Medium level for forward digit span was a constafif
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3.4.3 Switch cost

As predicted, switch cost (see Table 37 and Fig0jancreased as the task became
more difficult, A = .07,F(2, 120) = 775.88p < .0001,;1° = .93. Post hoc comparisons
revealed this to be significant at all levgds; .0001. For switch cost there was no significant
effect of cue typel(2, 121) = 2.71p = .071.n* = .04. There was however a significant
interaction between the number of categories aadye of cue A = .92,F(4, 240) = 2.62,

p = .036,n° = .04. Digit span forward was found to have ncejpehdent effect as a covariate

on switch costF(2, 115) = 2.09p = .128,n° = .04.

Table 37Descriptive Statistics for Whole Sample includingeGsroups (N = 124) for Task Speech
Rate and Switch Cost.

Continuous Series |l

Speech rate Switch cost

(w/sec) (% wisec increase)
Group 2-cats 3-cats 4-cats 2-cats 3-cats 4-cats
Whole sample
(N =124)
Mean 1.19 057 0.32 63.46 81.05 90.31
SD 0.24 020 0.10 923 6.71 341
Cues = None
(n=41)
Mean 1.23 0.62 0.32 6157 79.32 90.17
SD 023 021 0.09 989 7.36 349
Cues = Low
(n=41)
Mean 1.16 052 0.32 65.87 82.87 90.79
SD 0.25 020 0.10 7,51 581 3.22
Cues = High
(n=42)
Mean 1.18 056 0.33 62.96 80.96 89.99
SD 0.25 0.19 0.11 9.76 6.54 3.56
‘None’ rate:M = 0.72,SE=0.02 ‘None’ costM = 77.02,SE=0.87
‘Low’ rate: M = 0.67,SE= 0.02 ‘Low’ cost:M = 79.84 SE= 0.87
‘High’ rate: M = 0.69,SE= 0.02 ‘High’ costM = 77.97 SE= 0.86
2-cat rateM = 1.19,SE= 0.02 2-cat cosM = 63.47,SE=0.82
3-cat rateM = 0.57,SE= 0.02 3-cat cosivl = 80.67,SE=0.79
4-cat rateM = 0.32,SE=0.01 4-cat cosivl = 90.29,SE=0.40
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3.4.4 Within category errors
The number of within category errors (see Tablev@® not significantly different
between cue groups at any difficulty level: 2-catees,H(2) = 3.76,p = .153, 3-categories

H(2) = 0.95,p = .623 and 4-categoridd(2) = 4.92,p = .085.

3.4.5 Between category errors

No between-category errors were made over 2-caesgdrhere was no significant
difference between cue groups over 3-categdt{@3 = 0.28,p = .870 but there was over 4-
categoried(2) = 15.54p < .0001. Post-hoc comparisons using Mann-Whitesist(at an
alpha level of .017) showed this significance tourdetween cue groups ‘None’ and ‘Low’
U =608.00z=-3.05,p =.002,r =-0.34 and cue groups ‘None’ and ‘High'= 618.50z = -
3.13,p =.002,r =-0.34 but not between groups ‘Low’ and ‘Highh'= 858.50z = -0.05,p =
.960,r = -0.06. In both significant conditions the no-greup scored many more errors than

the two cue groups.
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Table 38Descriptive Statistics for Whole Sample includingeGsroups (N = 79) for Within and

Between Category Errors.

Continuous Series |l

Within-category Between-category

errors errors
Group 2-cats 3-cats 4-cats 2-cats 3-cats 4-cats
Sample
(N =124)
Sum 36 506 1382 O 31 66
n 31 102 122 - 8 20
Mean 0.29 4.08 11.15 - 0.25 0.53
SD 054 376 534 - 1.03 154
Cues = None
(n = 26)
Sum 17 164 419 O 12 53
n 14 33 40 - 3 14
Mean 041 4.00 10.22 - 0.29 1.29
SD 063 396 531 - 115 234
Cues = Low
(n=27)
Sum 12 1717 505 O 10 7
n 10 33 40 - 3 3
Mean 0.29 417 1232 - 0.24 0.17
SD 056 3.09 548 - 0.99 0.70
Cues = High
(n = 26)
Sum 7 176 576 O 9 6
n 7 34 42 - 2 3
Mean 0.17 4.07 10.90 - 0.21 0.14
SD 0.38 422 516 - 0.98 0.65

3.4.6 Self-corrections

Self corrections were analysed to see how manyroedtthat were correctiorsvay
from a between-category error (e.g. in categorysddarch — no, Wednesday”). For this
analysis both correct and incorrect self-correcioere considered together — it did not
matter whether the correction was to a correctaiesg, only that it waom a between-
category error. Comparisons were made for each ¢éwbfficulty using the Kruskal-Wallis
test for several independent samples. For 2-cagesyatching such corrections were only

made by the whole word cue group (see Table 398 ind 4 category switching they were
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made by all three cue groups. Initial letters weghest followed by whole words and no
cues. However, results were non-significant: 2-gatiesH(2) = 1.95,p = .377, 3-categories
H(2) = 4.58,p = .101, 4-categoried(2) = 2.72,p = .257. Further to this, for 2-category
switching 100% of corrections were made in the abs®f between category errors; for 3-
category switching 96% of corrections were in theemce of between category errors; for 4-

category switching it was 85%.

Table 39Descriptive Statistics for Self-Corrections fromtBeen-Category Errors..

2-cats 3-cats 4-cats
Whole group (n = 124)
Sum 1 40 47
N 1 31 35
Mean 0.01 0.32 0.40
SD 0.09 0.63 0.75
None (n =41)
Sum 0 7 10
N - 7 8
Mean - 0.17 0.24
SD - 0.38 0.54
Low (n =41)
Sum 0 19 22
N - 15 14
Mean - 0.46 0.59
SD - 0.71 1.02
High (n = 42)
Sum 1 14 15
N 1 9 13
Mean 0.02 0.33 0.36
SD 0.15 0.72 0.58
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4 Discussion

Neither task speech rate nor switch cost exhilategynificant effect of cue; in both
instances the original task with no cues was tee&d/ least costly and initial letter cues were
the slowest/ most costly. Crucially the presumatady-translational full name cue did not
have a beneficial effect. Despite the single camtirs presentation of cues (assumed to result
in reduced cue processing) and use of directlyaelaues there failed to be a beneficial
effect. Foreknowledge in the absence of cued tshtity (as in the no-cue condition) is the
most effective approach to completing the taskhBoeasures displayed convergence of cue
types at 4-category switching of the type seeniptsly with different task versions
(Experiment 3) and with categories in differenteysd(Experiment 4). Convergence was
previously partially attributed to the beneficiffleet of largely error free switching at 2-
categories and partially to the slowing effectwitshing between 4-categories; in the current

study convergence could certainly be due to diffycrelated slowing.

As in the Logan and Bundesen (2004) study, full @@ones resulted in faster results
than initial letter cues (in that study arbitramgflecting as they stated the ‘transparent’
nature of the more meaningful cue. In that stu@ylétter is assumed to be translated to the
whole word and then used jointly with the targeteawieve the response from memory. In the
current study this compound effect is not takingcplin the same way, mediated by the fact
that the Continuous Series Il does not use extgrpedsented stimuli. Internal representation
of the category stimuli does not seem to have éineeseffect as overt presentation. Even
though the cue is removing the load from workingmoey it is not being compounded by the
presentation of a visible stimulus as is occurimthe Logan and Bundesen study. The

strength of this compound effect is apparently ghely on its own, the processing of the cue
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exerts a negative effect in that it contribute®aina step to be completed before the response
is delivered. The compound cue effect itself isl$aibe sufficient to facilitate switching in

the absence of reconfiguration (Logan & Schneigd@i0). The current study therefore
supports those studies which highlight cue proogsas an additional contributor to cost

(e.g. Logan & Bundesen 2003, 2004), something wisi@dmphasised in the absence of
externally presented stimuli. The additional atyivequired to process the cue carried more

weight in the overall cost equation than any bexafeffects to memory.

Switching in the verbal task is predictable; preypian for the upcomingesponsean
occur immediately after the last one is delivefdus has been noted by Monsell & Mizon
(2006) to elicit the same type of reduction in sWitost as the cueing paradigm. So the no
cue condition is perhaps the best level of cobetachieved in the task — cues introduce an
additional level of processing cost not able toriezliated by a compound stimulus
presentation. Additionally the fact that full nacwees do not have a beneficial effect does not
fully equate with the conclusions of Logan & Scluezi(2006) who suggest that cues trigger
goals, and that goal awareness is adequate facassful task response. The findings of the
current study suggest that the opposing view o$ ¢tggering rules, which in turn facilitate a
successful response, may be more appropriate (age&/Kliegl, 2000). Despite Monsell’s
(2005) assertion that whole word cues entirely roiamd support self-verbalisation, it would
seem that processing of even such transparenrepessent and additional costly step. Cues
are beneficial (and of course necessary) in ranolaar presentation but are not the most

efficient approach for fixed order foreknowledgesba tasks.
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Results for within-category errors did not suppbet hypothesis that errors would be
reduced for the two cue conditions. There was gnifstant difference in the number of
within-category errors between cue conditions atdifficulty level. The additional
processing of the cue seems to be equally as egihst for error production as for speech
rate and switch cost. It may have been reasonaldegpose that use of cues would support
representation of the task order (mediated by plogiaal representation of the task as
posited by Emerson & Miyake, 2003), freeing up ims@eech to rehearse item order and so
reduce within-category errors. However, the cogirotessing the cues appears to overcome
any supposed benefit of this nature. Anecdotallpynzarticipants reported that they found
processing of the cues to be confusing — they fahadextra level of phonological processing
to interfere with production of category items. Shather than freeing up inner speech it
would appear that representation of the extermalgented cue mccupyingthis self-cuing
device. Foreknowledge of the task, as in the nanexundition, has the benefit of being a
singly ‘presented’ cue that can be referred to euttfurther effortful processing. Although
one of the aims of having a constantly available was to prevent constant cue reprocessing
this was not the case. The row of cues was readrinat each iteration of the category order
(e.g. numbers, days, months, numbers...). Duriegtsieading the acoustic representations
of inner speech are automatically activated (Abi@am& Goldinger, 1997), thus there is no
capacity for inner speech to be freed up for itetrearsal. Processing of the cue forces the
use of inner speech. Again in terms of item acguitawould seem that even transparent cues

are not beneficial for fixed order foreknowledgesée language switching.

Use of a cue was beneficial in greatly reducingrimitextinguishing between-
category errors when the task was at its mostcditfievel only. The type of cue used made
no difference to the reduction; use of no cue teduh over seven times as many errors as
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using either a full name or initial letter cue. Wde cue therefore did not appear to entirely
take over the role of foreknowledge in the taskewhtion of cues was not triggered until the
4-category switching level — when switching overe@egories the number of errors was
comparable for all three conditions. Task diffigultould seem to be a factor in the
usefulness of cues to reduce between-categorysetiomwever, this is not equivalent to the
predicted extinguishment of errors. And why wasrdguction only seen at the most difficult
level? The phenomenon of participants not havings®cues unless stimulus information is
ambiguous (in this case unless it is difficult) bagen noted as a problem in application of
cue use (Mayr & Keele, 2000 — page 55 of this dantiyn When informally questioned after
the task a notable number of participants statatittiey only actively used the cues when the
task reached the most difficult level. This incoatplapplication of cue use could also
explain the continuing low level of between-catggesror production over 4-categories
rather than complete elimination. Additionally tssue of between-category errors is
compounded by the commission of such errors whieltteen corrected. If cues are acting as
predicted no such corrections should occur. Cagtebetween category errors were
committed by all three groups (more so by cue gspbpt not significantly). The vast
majority of such corrected errors were committethemabsence of amyn-corrected
between-category errors, meaning that commissidretvfeen-category errors was actually
far more widespread than analysis of errors albigvs. The continued commission of
between-category errors, both corrected uncorrdeledit at a reduced rate), would give
evidence that costs within the Continuous Seri@sdInot overtly memory related. As such it
is possible, along with results from previous ekpents, to preclude memory-based
explanations of switch cost such as the TSI andcestsve interference hypotheses that rely

on carryover of task set within memory.
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5 Conclusions

Hypothesis 1, that both types of cues would reawst, is not supported. Cue
processing in the absence of externally presenit@ailsto provide a compound

effect offers an additional level of processing ethadds to overall costs.

Similarly, hypothesis 2, that both types of cuesilddaeduce within-category errors,

is also not supported. Within-category errors arereduced by the use of cues.
Constant unforeseen reprocessing of the cue oly é@eeation takes precedent in

inner speech and very likely interferes with sedfhalisation.

Finally hypothesis 3, that between-category enayald be eliminated, has also not
been supported. Between-category errors are gneathiced but not eliminated at the
most difficult level of the task. Such failure afes would suggest that memory-based

explanations of switch cost do not apply for thent@wous Series Il
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CHAPTER NINE: GENERAL DISCUSSION

1 Introduction

The current thesis has examined the Continuougs$Br{a task which requires
individuals to switch between increasing numbersvarlearned sequences), examining the
effects of introducing semantic categories to #sktof changing the order of the
overlearned sequences within the task, of maniglahe complexity of items within the
sequences (by using single word repetitions instéaderlearned sequences) and of
introducing explicit cues to prompt the sequenttdsas been shown that the Continuous
Series |l offers a reliable measure of continuask general switch cost — cost and errors
consistently increase in line with the number dégaries being switched between. A degree
of this real time whole-task cost is attributalddre updateable ‘complex’ content of the
category tasks. As indicated by the results of Erpent 5, the content of the task
(overlearned sequences as oppose to repeated valais) significantly contributes towards
both switch cost and error rate. However, as sean the results of Experiment 4, thler
the categories are presented in does not contributes overall cost. A proportion of the
switch cost in the verbal task is therefore tagéiteel. Nevertheless, the complex nature of
these real time tasks has intrinsic value that eoregtes for this merging of different sources
of cost. As noted by Altmann (Altmann, 2004; Altma& Trafton, 2004), discrete measures
of per-switch cost occupy a fraction of the timeiqe taken to complete whole tasks.

‘Higher level’ tasks such as those used by Altmé&nfrafton (2004) (a simulated war
strategy task) and the Continuous Series Il requiveoader measure of whole-time costs to
capture the continuous strategy employed to compitet tasks in an environment that

includes recovery from, and avoidance of, errosssiéch the calculation of a multi-
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component whole-task cost is valuable as it refléog entire process of completing multiple
tasks. Faster completion of the task was not tatéld by the inclusion of explicit external
cues — reliance on foreknowledge rather than eemdted in faster responses, although cues
were successful in reducing errors. The implicatiohthese findings apply themselves in
three main areas as identified in the Thesis Airgenreral costs of continuous switching over
time, switching in working memory as a separabteess to perceptual switching and
interpretation of errors during switching. Additadly results are considered in terms of

reconfiguration and carryover accounts of switckt.co

1.1 Real time tasks and the use of general switoktc

Switching between continuous tasks over time iswell represented in the literature;
Altmann & Trafton (2004) question the usefulnesassessing truaskswitching of the
more typical experimental tasks which in effectrspae or two switches for the purposes of
measuring switch cost. The Continuous Series llsmes the cumulative effects of
switching over time, as one might do in a realdlifstance of multi-tasking (e.g. Gonzéalez &
Mark, 2004). Although the constituent tasks thene®(repeating overlearned sequences)
are not entirely ‘everyday’, their changing ancemactive nature is more in line with the
ecologically valid criterion set by Altmann. In #fle experiments contained within the
current work the Continuous Series Il deliveredrele-task measure of switch cost that
consistently rose as the number of tasks beingbwit between increased. As such the task
offers a reliable measure of whole-task costs twez in the face of increasing same-task
difficulty i.e. difficulty is not increased by irdducing tasks of different types. The task
reflects the “...global representational structuregKleinsorge et al., 2004, p.31) within

which switching behaviour takes place. These adcoononly for the responses that have
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been made (current and preceding trial) but alsthi® potential responses that could have
been made for the preceding, current and subsetpigdst It has been demonstrated by
Kleinsorge et al. (2004) that certain aspects afchwcost are only apparent when four
possible tasks are required to complete a wholekblather than considering a switch
between two tasks in isolation. Costs observed datwask A and Task B in a block where
four tasks could potentially be employed were gretitan for just an isolated switch between
Task A and Task B. They proposed that such costs separate from mixing costs (which
are the extra time it takes to repeat a task mitels block as opposed to a single task block)
representing the cost of maintaining two tasks extis to switching. How difficult a task
switch is deemed to be (and so how effectivelg #achieved) depends on what other
potential switches may have occurred in its pladech involves more than just the
maintenancef tasks sets as is the case for mixing costseoOfse, Kleinsorge and
colleagues’ interpretation only applies to situasievhere switching potentially occurs
between more than two tasks, but as such is ideallyloyed in thinking about the
calculation of cost for the Continuous Seriesritlded, it is doubly applicable to the verbal
switching paradigm as switching occwihin each task (choosing the correct item rather
than always making the same response to partitaglj as well as between tasks. The global
“...task space...” (Kleinsorge et al., 2004, p.39) edsheepresentations of all potential
behaviours. Task switches do not occur in isolalionin the context of a broader range of
representations and behaviours, including the t@eecover from interruptions (Altmann &

Trafton, 2004) which in this context would be posgcerrors.

Although trials in the alternating runs paradigmdathers) areneasuredn an
individual basis their presentation is within theusture of a lengthy block of trials. Work

which has looked specifically at global effectgy(€opher et al., 2000, Kleinsorge et al.,
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2004) has done so within the confines of an altergauns paradigm. However, the current
work (more akin to Jersild’s (1927) alternatingkaprocedure) can still inform in a broad
perspective about the nature of general costdas@ measure. Measuring at the level of
per-trial switch cost fails to take account of thibuence of tasks which precede, follow and
offer an alternative to the one currently beingqened (Kleinsorge et al., 2004).
Interpretation of data from Experiment 3 in thereat work looking at ‘local’ cost for the
Mixed Category Il task (local in terms of a sintdsk but not a single trial) incorporated a
measure of the switdio the subsequent category as well as productioneofvbrd within the
current category. The pattern of reverse asymmetitye Mixed Category Il task was seen in
the context of this subsequent task switch. As stimé broader measure of switching
between two tasks rather than for one task switgkalation has informed an interpretation
of switch cost that indicates a lack of carryovent the previous task. Local cost calculation
in Experiment 3 accounted for the time taken tdawb the current task, calculating cost
from the end of Task A to the end of Task B inalasiAs such, the whole-task contributors
of disengaging from the previous task, considetinegpossible alternatives in terms of task
andtask item (as indicated by Kleinsorge et al., 206Agaging the appropriate task set and
(on occasion) discarding an incorrect choice wéracaounted for. Any enduring carryover

from Task A would have been captured as a delayyoone of these inclusive processes.

In a wider context the findings of Experiment 5Singsnon-updating colour name
‘categories’, can account for the effects of a drgkbal setting. In that experiment, at the
most difficult level of the task (switching betwefur overlearned sequences) the category
‘days’ departed from the previously seen trendrofipcing the greatest number of errors. In
this instance it could be construed that perforreamas affected by the laslock’ (or

difficulty level, switching between three overleadsequences plus one colour category)
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which was materially different to preceding triaisall other versions of the Continuous
Series Il. Every stage of the task for Experimemtcfuded four categories, the number of
colour categories being balanced against an incigasimber of overlearned sequences. The
constancy of the 4-category condition would haveed the cognitive system to deal with
four categorieper sefrom a much earlier stage in the task, thus priagigractice at

producing ‘days’ embedded within four categoridse# ones with changing internal
demands. Thus the ‘global workspace’ that encongobidse whole task had an effect on the
pattern of error production. The number of subsatjoategories in a constant 4-category run

changed the ‘space’ in which the production ofdhtegory days occurred.

In terms of the accessibility of more than one tsskfor the current response, as
previously noted, the existence of mixing costgy(fal1994) further emphasise the
importance of global considerations (Kleinsorgalet2004). In the alternating runs
paradigm mixing costs are the reaction time difieesbetween repetitions in switching
blocks and pure task blocks — they represent teeafanixing tasks together but not
switching between them, attributed to having tontean the availability of more than one
task set. Experiment 5 in the current work ideatiforoximity costdrom performing four
tasks together regardless of the need to updafter(ése overlearned sequences) —in a
comparable way to mixing costs they reflected & of switchingoetweertasks but not
switchingwithin tasks as was usual with the Continuous Seriétlthe verbal switching
task the wider global context accounts for the givancontentof categories as well as a
linear combination of preceding/ alternative/ sujusmnt tasks — the current item within a task
(category) has a direct relationship with the ish produced, the next item produced and
the range of alternatives that may be producetsiplace, so there is a ‘micro global

workspace’ in operation as well. Global optiongfé@ent responses preceding, subsequently

329



or as an alternative to the current response)eatnilero/ local level had been removed
showing the differential effect of the more complgdating content in the categories.
Maintaining availability of alternative responsesghw each category (quasi-mixing costs) as
well as alternatives for task choice are two sdpasaurces for cost — in terms of global
effects each is available to have an effect orother. Updating of items within a category is

a feature of the broader task that must impacicewig between categories and vice versa.

1.2 Switching in working memory as opposed to p@toal switching

Taskrepresentationn the Continuous Series Il is entirely relianbapvorking
memory as there are no externally presented stioniéisk cues. Switching between
representations in working memory has been notegparable from perceptual switching
(Wager, Jonides & Smith, 2006). Comparison of dwitg between overlearned sequences
and more memory-reliant semantic categories (theeMCategory task) with the overlearned
sequence-only Continuous Series Il (Experiment$ Ha8 shown that switch cost is
increased, partially dependent upon the greatemad on working memory for one of the

task typeS".

In the verbal paradigm it has been shown that wgrknemory representation is more
effective than perceptual presentation. In Expeningethe introduction of external explicit
(whole word) cues did not reduce switch cost, tesginstead in slower responses (though
not significantly so). This was interpreted asakéitional need to process the cue without

the supportive compound cue effect usually founelplicit cueing studies, where cues are

81 Increased switch cost is also sourced to the teeditch between two different verbal domainstfee two
types of verbal category.
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accompanied by confirmatory externally presentedudt. The compound cue effect in the
alternating runs paradigm had been found stronggimto facilitate switching in the absence
of reconfiguration (Logan & Schneider, 2010) andrsmabsence of a definitive

compounding stimulus had a negative effect on ¢stviously it has been stated (Altmann

& Gray, 2002; Altmann, 2004) that maintaining aefiktask order in memory is more

efficient than to continually process external ¢uke to the need to transform even the most
explicit cue into a task response. The current vearkainly supports such an assertion,
although the continuous presence of cues in Ex@ati® was aimed to reduce the need to
continually process them; cue processing coulcatdytbe carried out anew every time there

was a perceptual shift to the cue rather than aipalre-presentation.

However, the fact that cues did not reduce costavalso suggest that, as proposed
by Gurd et al. (2002), the Continuous Series llsdoet present a significalttad to working
memory. If the task was overloading a finite wotkmemory resource then alleviating some
of this by naming the tasks to be carried out waattlice the load. Working memory load is
dissociable from other implicit switching proceséeg. Barch et al., 1997). We know also
that memory switching, such as is performed inciiiefree Continuous Series Il is separable
from perceptual switching (Wager, Jonides & Sm0Q7). It would seem that, as costs are
not reduced by measures that clearly alleviate nngfoad, such a load is not contributing
excessively to general switch costs in the Contisueries 1. Working memory is a reliable
facet for carrying out the verbal task but is natessively loaded, as proposed by Gurd et al.
(2002). Cue processing costs are more of an issuevtorking memory load. Thus memory
reliant accounts of switch cost, such as the taskagrtia hypothesis (Allport, Styles &

Hsieh, 1994, page 26 of this document) do not seeapplicable for the Continuous Series
II.
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Switching in memory is more beneficial for the vartask than semi-perceptual
switching (semi in that cues and not stimuli wextemally presented). Preparation for the
upcoming response can be facilitated directly dftercurrent response has been made, noted
by Monsell & Mizon (2006) to be potentially as effiee a preparatory period as that
afforded by regular explicit cueing. This is at edudth the findings of Wager, Jonides and
Smith (1994) who identified that selectibgththe correct object and attribute to be switched
were impaired with a working memory task but natdo externally presented task. They
concluded that attributes (for the verbal taskdaiegory item) were inevitably rehearsed
upon selection of an object (for the verbal taskdhtegory) — all attributes were triggered in
the way that all potential items might be triggefedan overlearned sequence (e.g. items
Monday through to Sunday for ‘days’). However, e tverbal task this is not a detrimental
process due to the updating nature of the catdggmns — each time a response is made it
needs to incrementally advance from the precedmeg As noted costs relating to task
switching and item updating inevitably feed inteeanother but they must also support each
other; knowing that the lagem produced was ‘Tuesday’ also flags the fact thatrtbxttask
to be produced is ‘months’. The particular naturéhe Continuous Series Il means that

conclusions must be drawn cautiously from dichotosnchoice task data.

1.3 Interpretation of errors made during task switiag

Errors made during verbal task switching were ai types, within-category
(incorrect updating of an item e.g. Monday-Tuesd@ayrsday or between-category
(incorrect order of categories e.g. ‘NumbdtenthsDays instead of ‘Numbers-Days-
Months’). Interpretation of these errors was aldjtee Kahneman’s (2011) two-system
approach to thinking. System 1 (fast and automaticjated to within-category item errors

and System 2 (effortful, slower and executive) ébneen-category task errors. Other work
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(Arbuthnot & Frank, 2000) linked item errors to Wimg memory and task errors to
executive functioning. For the Continuous Series IAck of perseveration (repeating of the
last task) for between-category errors in all Expents was a marked departure from the
Arbuthnott and Frank findings (perseveration wamnsa the results for neurological patients
in Experiment 1). This was interpreted as eviddocgreater presence of reconfiguration
than inhibitory processes at play during the tabKike the Arbuthnott and Frank study
participants were always able to switch task, algionot always to the correct one — again
this presents as evidence for the positive crdsbitlveen item updating and task changing.
This mimics the measures taken by Gilbert and £eal2002) in their PDP model of

switching to avoid perseverative errors by con$yamidating the start state of the trial.

Crosstalk between item and task update is alsofesnn results from Experiment 5
where between category errors are eliminated imémeupdating arbitrary colour categories.
Switching between categories only becomes probieméditen the content of those categories
becomes complex and itself requires updating atyesetegory repeat. However, rather than
indicating between-category errors are in fact mgmelated rather than executive this is
interpreted as an artefact of task design for@Rgeriment — the repeating colour categories
do not present a sufficient amount of executive@atnas a task to trigger executive errors.
This again echoes the assertion of Altmann anddmgR004) that tasks need to have
sufficient ecological validity as real-world actieis in order to measure executive processes
during task switching. Thus while the content cktaategories may not directly cause
between-category errors it does have to be of @ tiyat requires executive processes to be
engaged in order for the opportunity for erroraise. However, in Kahneman’s model there
is communication between System1 and System 2efysttakes things at face value, which

could be another reason for the profusion of witategory errors. The responses are of the
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correct category so are taken to be the correppbrese®’. This is a detrimental effect of the
fast thought system. Errors in System 1 are slobetdetected by System 2 and so may
present as System 2 errors if System 2 processiog ihe basis of System 1 output. Intuitive
automatic System 1 responses are taken for rat®ysiem 2 responses and so an error in
System 1 (perhaps a pervasive error) could leadSgstem 2 error. Mapping of error types

between each other would be more informative atiositrelationship.

One aspect of error production that is task relatede clustering of errors in the
category ‘days’ when the task is at its most difid¢evel. This was found to be a feature of
task type and not of task order as revealed bydhance on category order in Experiment 4.
That accuracy costs should be related to the tf/pesks being performed indicates that some
portion of the general costs calculated for thet@oous Series Il are task-related rather than
switch-related costs. The increased errors wernbuatitd to the relative ‘weakness’ of the
category ‘days’ when subjected to proximity effeztshree additional categories — the
repeated common suffix ‘day’ in category items Wasd to obscure the route to item
selection in this setting, impeding item productsnd resulting in a greater number of errors.
These increased errors for ‘days’ (noted also ipdexnent 3) were unusually not seen in
Experiment 5, which utilised arbitrary colour caiggs to keep the number of categories
constant at four for all levels of the task. Inttimstance the change in global space to four
categories on preceding levels of the task wasgrgged as priming the system for proximity

effects.

82 Referred to by Kahneman (2011) as the ‘halo effacknowledging something that seems positive and
automatically adding to it for consistency.
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A particular phenomenon related to between categooys is their tendency to
‘switch back’ to the correct response (see Chapteroften sequencing errors will occur in
clusters of four as two categories will swap oveg(Days-numbersinstead of ‘Numbers-
days’) and then after a few iterations will swaglbagain, seemingly undetected by the
participant. It has been noted that self-initiateylairs of phonological errors are very often in
response to inner rather than overt speech (Nootep2005); if the same can be said about
content errors of the type seen here then theofalener speech as a self-cueing device in the
Continuous Series Il is further reinforced. Givea seemingly automatic nature of the switch
back to the correct categories it can be saiddining by inner speech is particularly
effective as it does not seem to be consciousgrmed to, unlike external utterances such as
those noted by Monsell (2005); Baddeley, Chincattd Adlam (2001) state that repetition of
overlearned sequences require little attentionadadel so the associated inner speech

prompting would similarly follow as a low demandadhion.

1.4 Verbal switching, reconfiguration and carryovaiccounts of task
switching

It is proposed by Rogers and Monsell (1995) thatchwcosts relate to additional
processing steps required to reconfigure the civgnstystem to carry out the upcoming task.
Reconfiguration is completed in response to thegmtation of stimuli, affecting an external
component to control. The alternating runs paradiged by Rogers and Monsell
incorporates a cue for the upcoming task — alloveuiigicient time to prepare for the task
after the cue has been presented results in atredwd switch cost as reconfiguration has
been completed during the cue-to-stimulus intef@&I). However, the persistence of a
residual switch cost even at the longest CSI ha ¢ghers (e.g. Allport & Wylie, 2000) to
speculate that switch costs are determined by @aeryof preceding task activation and task
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retrieval processes. Differing task requirementigt{e case of Stroop stimuli where a
coloured word can trigger either word reading doaonaming) lead to task-set conflict and
wrong-task retrieval — the task-set associated avitbcently carried out task is triggered and
it is settlement of this conflict which leads toitol costs rather than proactive anticipatory

reconfiguration.

In Experiment 2 the absence of perseverative beikgategory errors suggests
successful inhibition of the previous task set tivation for the previous category did not
endure into the subsequent one, with errors ingteastly indicating the wrong task had been
switched to. Error types were not equated as inalisaf carryover in Allport’s original
work (Allport et al., 1994) which instead used ag®l measure of accuracy. Allport did not
determine the source of errors (for example, instmae way as Arbuthnott & Frank (2000)
or Gurd (1995)) and so did not directly relate therthe carryover process. Interpretation of
verbal between-category errors in this manner |éisd ideally to identification of the type
of processes at work, something not readily affdrdolgthe calculation of general switch
cost. Switch cost in the verbal task instead aptabe caused by active reconfiguration of
task set as evidenced by the successful but erngreitch made in between-category

sequencing errors.

In Experiment 5, where the Continuous Series luded arbitrary non-updating
colour categories, the link between task contedtsavitch cost (much more costly for
overlearned sequences) initially suggested recordigpn as an unlikely cause of switch cost
in all forms of the Continuous Series task. A massumption of the reconfiguration account

is that the time needed to reconfigure (which dwdost is said to represent) is independent
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of properties relating to the tasks (ChamberlanBieinblay, 2011). There is a functional
distinction between executive processes and tastepses. However, the nature of the
content in the verbal switching task (overlearnegugnces) may provide a caveat to this.
The lack of attentional demand required by re@tatf overlearned sequences (Baddeley,
Chincotta & Adlam, 2001) suggested separation K talated load and attentional switching
processes — it is possible to recite such sequemtesninimal attentional input. This would
suggest that there is after all separation of takdted load (recitation of the sequences) and
attentional switching processes, due to the ‘sjiewdure of the tasks. Thus a
reconfiguration based source for switch cost cabegirecluded. Between-category
sequencing errors again show support for this fegamation based cost. Such errors could
reflect a blocking of the phonological loop, dugégitation of overlearned sequences as

suggested by Baddeley et al. (2011).

Further evidence in support of a reconfiguratiosdzhaccount comes from the Mixed
Category Il task, which alternated switching betweeerlearned sequences and semantic
categories and showed a result of reverse asymméty local per-category switch cost was
compared in Experiment 3. Asymmetry typically oscur Stroop-type tasks where it is
harder (more costly) to switch to the easier tas§y. (Allport, Styles & Hsieh, 1994) and is
said to show enduring carryover of activation fog + reverse asymmetry presents as more
intuitively being harder to switch to the more it task (e.g. Monsell, Yeung & Azuma,
2000) and refutes the carryover account, linkingrasetry to the relative ability of tasks to
interfere with each other rather than a widesprepédatable effect. In the Mixed Category Il
task it was less costly to switch to the easiek tgse of overlearned sequences, deemed to be
such due to their faster repetition during the sasitching condition and less reliance on

verbal working memory. As such there was no evidasfccarryover of activation from the
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preceding harder task type of semantic categorgymtion; the pattern of reverse asymmetry
tied in more with the supposition of relative sg#mof interference (Monsell, Yeung &
Azuma, 2000) — the semantic category task did xettesufficient interference with the well
embedded overlearned sequence task and so thamhotiee reverse asymmetry of being
easier to switch to the easier task was display@atesting the existence of a uniform and

reliable carryover of activation from the last task

In non-switching baselines for the Continuous Sefif€, processing would be
somewhat similar to non-switch trials in the alting runs paradigm (see Figure 21A).
Stimulus onset and encoding would be representddrbknowledge of the task.
Identification would be a confirmatory process. passe selection would very likely take
longer as there are a range of possibilities —ldhgagainst the last response made would
need to be carried dit Response executing would be identical (see Fig2Ad. During
switching, the process would be somewhat differeuit still comparable to that proposed for
the TSR hypothesis (see Figure 21B). Foreknowleahgeconfirmation would be a more
dynamic process as there would be up to four patgmssibilities, in the absence of overt
stimulus onset. This stage would involve templditec&ing (see Figure 2B). Response
checking also takes on a more dynamic role athtsso be done for both task and item.
These would be areas where general cost for thér@anis Series Il would be lengthier than
cost for the alternating runs paradigm. Task (bmslus’) selection has already occurred at
the earlier template checking stage but additignaleeds to be checked against the last task

carried out (separate from checking against th@lkste). This second levels of checking

8 Where categories are recited in order at speed
8 For the semantic categories in the Mixed Catetjamsk this would need to be checking againspeelious
responses made.
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occurs after the ‘stimulus’ (the task) can be $aibdave arrived from the template checking

stage.

Endogenous control is implicated during switchiogversee template checking,
response checking and response selection in lighemeed to switch away from the
previous response made. Reconfiguration occutsarmttention shift from one task to the
next, which must occur at all of these three staBesakdown of the reconfiguration process
(posited as an effortful, executive, System 2 failucan result in a failure to switch correctly
and production of the wrong category. This failoa@ occur in checking the template, in
checking the response or in selecting the respdssstated by Monsell (2003) such
reconfiguration may also involve inhibition of theevious task set as well as activation of
the upcoming one. Evidence from the current workildsuggest that inhibition is successful
in the verbal task (as evidence by the lack ofgp@mative between-category errors) but that

failure can occur in subsequent activation.
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Npmsmtch Stimulus Response
trials onset

Stimulus P_— Response || Response
encoding Identification Selection || Execution

A. Switch trials, according to post-stimulus control process model:

Stimulus
onset Response
Endogenous Exogenous
control [Tt P contral
process //" process
Stimulus - Response || Response
encoding dentification |...------- | Selection || Execution

B. Switch trials, according to task-set interference model:

Stimulus
onset Response
Endogenous —
St I Response SpOnse
control bmnullus Identification por Executi
process encoding Selection ecution

(slowed by competition)

Figure 21 Representation of the task-set reconfigtion (TSR) account, where an extra process

takes place on switch compared to repeat trials afdhe task-set inertia (TSI) account, whereby

carryover of priming from previous trials slows nesnse. Taken from Monsell, Yeung & Azuma
(2000)
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A. Non-switching baseline

Task Response
onse
Fore- Confirmation || Response|| Response || Response
knowledge checking selection execution
B. Switching
Task Response
onse ‘Exogenous’
Task
arrival
N
Endogenousff--"""""""-"---------- Rr(]esplgnse """""""""" >
checking
contro Template checking & - task
retrieval
Response
Fore- Confirmation checking Requnse Respovse
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Figure 22 Application of a modified version of TSIR Continuous Series Il switching. Stimulus

encoding and identification encompasses confirmatiagainst template checking in memory,

resulting in arrival of the ‘exogenous’ stimulus &sk). Further checking occurs post-arrival, with

identical response selection and execution
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Exertion of endogenous control, albeit more dynamically and in a way that is more
time costly, is therefore clear in the Continuous Series Il. However, onerdlefithe TSR
hypothesis that appears absent from verbal switching is the arrival ofeanagstimulus to
complete reconfiguration — the source of residual cost. This thesis has dsespmken
about the ‘arrival’ of stimuli in the verbal task — however, this surely is under thenoé of
endogenousontrol, by virtue of retrieval of task order from memory. Does this present a
problem for a TSR interpretation of the Continuous Series 11? At first glamaaild seem
there is no scope for an exogenous completer in the Continuous Series Il. Contfo{@f tas
‘stimulus’) arrival is top-down and intentional. However, could it be argued that once the
task has been endogenously retrieved it is exogenously available to be responthedésk T
(or ‘stimulus’) is there to be responded to in the same way as if it had beengutesent

externally. It is only the method of its arrival that is different.

Exogenous control is “.bottom-up, involuntary, automatic, and stimulus driven...”
(Rubin & Koch, 2006, p.1034). According to Rogers & Monsell (1995) task set
reconfiguration cannot complete until the stimulus appears. The appearancstiohties
triggers the task sets associated with it. In the Continuous Serieschisgadays of the
week is not activated until the task ‘days’ is presented to the system. Thaist{or the
task) itself prompts an individual to perform actions that are associated.Wikhsi happens
regardless of prior top-down intention and can indeed conflict with prior intention. The
preponderance of perseverative errors in patients with frontal damagatéast failure to
respond to exogenous control — this is a failure to respond to a stimulus attributes &oge
Monsell, 1995). Indeed, such errors are seen in Experiment 1 (Chapter 3) in theasiagle ¢
series of neurological patients. In the case of bivalent stimuli exogeoatrsl can evoke an

inappropriate response which has to be overcome by endogenous control. The current verbal

342



task does not use bivalent stimuli but several responses are prompted bynealcis sty
virtue of their sequential nature. The arrival of the stimulus (task) in thegzadter
template checking, and before subsequent item and task checking againstréspdaste,
constitutes exogenous control as presented in the TSR hypothesis (See Higare 2

comparison with Figure 21).

2 Limitations

2.1 Task-related costs

A number of costs identified in relation to the verbal switching tasks are tasédrel
rather than indicative of the switching process. These costs are errarwbsts outside the
remit of a holistic general measurereéction timeswitch cost, other than the degree to
which error commission and recovery contributes to that cost. Evidence of tdskl @sts
limits the extent to which results can be interpreted as indices of exeautivel processes.
Experiment 5 shows that between-category errors in the Continuous Seask (lising a
constant 4-categories with decreasing numbers of arbitrary colouocaggnly occur
when the content of those categories are sufficiently complex as to eiggmirtive
processing on the content. Results from Experiments 3 and 4 indicate the possiaitaglof
related artefact in the increased rate of errors for the categowy aahe highest level of
task difficulty, which occurred wherever the category was placed withimskeotder;
increased error production was attributed to suffix repetition (‘day’) fegoay items,

weakening the effectiveness of task and item maintenance.
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2.2 Calculation of general switch cost

While the inclusion of effects from the ‘global workspace’ (Kleinsorge e2@04)
undoubtedly add holistic and ecological value to the overview of behaviour during verbal
task switching, the calculation of general switch cost is necessaritgdimm the degree to
which specific contributors to overall cost can be identified. The inclusion of jomal *
category’ switch cost (see Experiment 3) refines this to an extent but inghindsiuld be
more informative if based on the inter-task gap alone rather than includinigdiast-
production costs. Experiment 5 would have been better able to attribute cost aswasihor s
related in response to differing task content with these measures. Additibeallpntinuous
Series Il more closely follows the alternating tasks design proffgrdénsild (1927),
resulting in a subtractive measure of switch cost compared to non-switchegoga@e 18).
This has been criticised on the basis of differential numbers of tasks having to be held in
working memory for switching and non-switching conditions, an issue addressed by the
alternating runs paradigm (Rogers & Monsell, 1995 — see page 24 of this document). The
continuous category-as-task design of the Continuous Series Il does not lerdiréssif to
an alternating runs approdcland so any potentially additional costs from the alternating
tasks design must be absorbed and acknowledged within the measure of general costs,
balanced against the advantages of using a holistic measure of all costsdnrawitching
and more everyday real-time tasks (Altmann & Trafton, 2004). Per-triaumesasay be
more flexible in allowing for analysis of within-trial factors such as ésponse-to-stimulus
interval, but global contributors (which undoubtedly factor into any measure of ecoftsar
by this method. The methodological limitation here is how far comparisons can be made

between verbal task switching experiments and other studies (such as tiretetien of

8 Although see section ‘Direction for future workirfa suggestion as to how an approximation ofrttight be
achieved.
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verbal task switching in terms of reconfiguration and carryover explanattbnaph given

the wide range of methods and tasks employed in the field this is not an unusual problem.

3 Directions for future work

3.1 Applying the alternating runs paradigm to verb&witching

To further investigate the conclusions drawn from the current work the task could be
investigated using a local-switch cost alternating runs paradigm. &spggimental software
the task could be presented on an incremental basis, with a visual cue presented Ilefore eac
response is due. Voice-activated timing via a microphone would measure the cue teerespons
interval. This would not allow for manipulation of the response to stimulus intervgl éRSI
in traditional experiments but it would allow for more accurate measurementtohthe
taken to produce a response. The cue signifies the switch to be made and does not require
another level of stimulus (it would be difficult to foresee what such a seéiratédus would
be). This would be of particular benefit for the Mixed Category Il task (ExpetiB
Chapter 5). The task could be presented with repeats embedded in the mixed task block in the
format A-A-B-B (Number, Number, Day, Day...), extended for the more diffievkls of
switching (Number, Number, Day, Day, Month, Month...). This would not be identical to the
original alternating runs paradigm but would allow criticisms of the Continuauss3kto

be addressed.
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3.2 Analysis of pre- and post-error responses

An analysis of pre- and post-error responses in relation to those errors woulthassis
determining both the cause and effect of incorrect responses and settipgatuation in
the wider context of processes underlying switch cost. Post-error slowing thgkng
switching has been reported in various age groups (Themanson, Hillman & Curtin, 2006;
Gupta, Kar & Srinivasan, 2009). This is akin to Altmann’s post-interruption resumption lag
(Altmann & Trafton, 2004), although the intended analysis would focus more on the nature
of the response that the time taken to execute it. Many individuals completing theuGosit
Series Il commit errors in clusters. Mapping these to the surrounding patssif- of
corrections and subsequent additional errors will give a more complete picture dtaskba
switching behaviour. In particular the relationship between self-carnscand errors can be
explored — error repair can be delayed i.e. further responses are madehgeéorertis
addressed, or they can be immediate. Self-corrections are often of the tjfiedspg
Levelt (1989) as instant, where the replacement response is the first wioed epair —
however, unlike Levelt's observations error repairs are not always conseiadted
additional utterances to replacement target responses are sometimre®salaged self-
corrections could suggest a degree of enduring carryover as awarenessrof tlesgonses
continues into production of subsequent categories. The lack of conservatism in error
corrections would again suggest that in at least some instances carryaygewabus task
set occurs as the repair of the error requires disambiguation between esspsrevidenced
by the unusual (according to Levelt) additional utterances. Such indicatask Gt
carryover in an otherwise reconfiguration biased account of switch cost duringtaskoa

switching warrant further analysis.
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3.3 Introduction of planned interruptions

The effect of interruptions on complex tasks has been shown to result in a ‘resumption
lag’, a reduction in RT for a period after the interruption. Post-interruptipomess take
time to build up into a competent set in memory on which to draw for subsequent responses
(Altmann & Trafton 2004, 2007), taking several seconds and task responses to complete. This
has been described this as the need to reconstruct context in the original coshplex ta
(Altmann & Trafton, 2007). Anecdotally a number of participants carrying out the
Continuous Series Il experienced self-imposed interruptions when their nedéghdnes
went off unexpectedly during the test session (any such sessions were ¢ekcodénal
analysis). A similar type of slowing to that recorded by Altmann was,swith individuals
taking time to build up ‘momentum’ in the task after the interrupfid®lowing was often
accompanied by a repetition of the last few responses seemingly in dricefégyain the
correct placement in categories and items. It is proposed that planned irdesrapé added
to the Continuous Series I, either by use of a telephone or by a confederate knodkimg on
door and entering the room. Recent work (Stoet et al., 2013) used a telephone callut interr
task switching between planning tasks. Either method could be used to deliver an intgrrupt
task such as a simple arithmetic problem, making the interruption more compauriaie
used by Altmann — he interrupted a computer game with a superimposed scregmdispla
classification task (Altmann & Trafton, 2007). The time course of actions follotieng
interruption would reveal whether the recovery matched Altmann’s model of subsequen
post-interruption responses (and their subsequent representations) building up to a

reconstruction of the original task environment.

8 Self-corrections, comprising of a pause and raiten of a response or cluster of responses, alssticute
interruptions (Levelt, 1989) although don't offéetpossibility of control in the same way.
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3.4 Verbal task switching using cues in an olderuidsample

A pilot study using the cued version of the Continuous Series Il (Experiment 6,
Chapter 8) on older adults was carried out as preparation for the current workluaidi
aged 60 years and older were reluctant to continue with the task once thelycstameitting
errors, instead opting for early cessation. Some commented that they foamtisttaeting —
given the greater reliance on verbal self-cueing in older adults (Kray88badenberger,
2004; Kray, Eber & Karbach, 2008) this could shed more light on the underlying processes of
the verbal task. As aging is known to deplete executive functioning (Rabbitt, 1968) it is
presumed that there are fewer ways in which a person is able to affeattalsteen one
task and another, so resulting in greater switch cost and less accuracycUse stiould
therefore benefit this population but in some individuals seem to clash with rediased-
cueing. Perseverative errors are more common in an older population (West, 1986); duri
switching this is possibly due to problems with set shifting rather than initiatieghased
behaviour or monitoring of performance. The lack of perseveration in the vetbhbtas
been attributed to successful inhibition of the previous task set (Experiment 2);sdcrhon
of the task to a sample who are more likely to experience difficulties with tiohilovould

give more scope for successful application of cues.

3.5 Gender differences in verbal task switching

Much popular interest has been engendered by recent work (Stoet et al., 2013) which
highlights a female advantage in executing planning tasks during switchingleSamed in
the current work were largely female so no gender comparison was possible. Honeseer
individuals who excelled at the task were all male — general switch cadsééagound to be

faster for males (although no differences were found on specific task ¢sitef(s &
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Maylor, 2005). Despite the popular assumption that women excel at multitasking thierques
is under researched in the literature. The current work took the stance thattany ifelating

to gender differences were varied and as such did not present a consensus gemdtrat
would be a significant variable. However, the anecdotal finding that fastietabe

completion of the verbal task was a male trait warrants further investigparticularly in

light of the discussion surrounding work by Stoet et al. (2013). Work using real-time
switching tasks (completing word search and Sudoku puzzles) found females performed
comparably to males and indeed wiegslikely to switch in a self motivated switch

condition (Buser & Peter, 2011). Findings on gender effects for more complekisgit

tasks are varied and further analysis using the Continuous Series Il would addgyéte

unclear picture of this variable, clouded as it is by popular assumption.

4 Final Conclusion

The Continuous Series Il offers a multi-component general measure cif sost
over conditions of increasing task difficulty, encompassing switch, proximityaaskd t
specific costs and preceding, subsequent and alternative task response iSrseaiiiable
for individuals with a range of neurological deficits and is stable under a nwintiierent
manipulations. As such it is a useful tool for the measurement of switching oedotii

more complex real world task.

The measure of general switch cost reflects strategies and proqassss aver the
time course of the task. A degree of preparation and control of localised switches occ

globally — the structure within which switches are embedded affects thelocat &evel.
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General costs over subsequent trials (Experiment 5) as well as withineatgeaidiave been
shown to have an effect on performance, expanding the scope of influence withik.the tas
this way proximity of additional tasks or categories has been shown to havitaa sifact as
mixing costs. Additionally measures of per-category cost (Experimeshio8y the effect of

the task being switched to; the global workspace in which tasks and switchesackled

contribute to all measures of cost.

Reliance on switching in working memory as oppose to perceptual switching is
successful for the Continuous Series Il, although there are limitations on tke teghich
comparisons can be made between tasks relying on these two faculties. Noadasynot
excessive and this is not a limiting factor for the task, bringing into questicuitability of
carryover-based accounts of switch cost. Introduction of external cues (g&pe6f) failed
to enhance performance on the task as the additional processing of cues wasatiedoaut
by compound stimuli as would be the case in more regular cueing experiments. The
preparatory period afforded by the structure of the task in the non-cued @ondis
sufficient to allow adequate preparation. The naturally updating natuegegfoties within
the overall task facilitated attribute selection once the individual taslgcgjenad been
selected, indicating that verbal switching of overlearned sequences kaitioitvorking

memory reliance.

Error patterns suggested inhibition of previous task sets were being completed
successfully and so indicated reconfiguration as a more likely source foh sost.
Crosstalk between item and category updating, rather than direct equatiohiofoategory

errors with memory and between-category errors with executive pes;aegas evident
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within the task. Certain aspects of error production, such as the lack of betvwesgrca
errors found in colour categories for Experiment 5 and general clusteringisf @ound the
category ‘days, were noted as task artefacts — task related fasteralitesdy been noted as

limiting the general applicability of findings from the verbal task.

Overall, switch cost in the verbal task appears to be determined by active
reconfiguration of task set rather than passive carryover of previous task\sst, ac
something which has not previously been proposed for the task. The general lack of
perseverative errors between tasks suggests there is no enduring comfeeinbietsk sets to
be resolved. As task and attentional processes are taken to be separaiitebttevéen task
content and switch cost seen in Experiment 5 does not preclude a reconfiguration account
Reverse asymmetry in the local cost comparison of Experiment 3 further serefate any
carryover of preceding task set activity. Cautious acceptance of digecation basis for
switch cost can be made, with the caveat that a lack of comparable finite for-avsi
measures for the verbal task limits the extent to which comparisons canlédetaeen the
verbal paradigm and alternating runs studies. However, at this time recatifigwffers a

far more convincing basis for switch cost than a passive carryover account.
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APPENDIX A: INSTRUCTIONS FOR VERBAL TASK

SWITCHING

1. Baseline measures

Original task/ Order effects (Experiment 4) / Cues (Experiment 6)

“When | tell you to start, I'd like you to recitaimbers from 1 to 20 as fast as you can. When yobu ge
to 20, start again immediately at 1 and keep reipgahat sequence over and over as fast as you can

until | tell you to stop. Do you have any questibAse you ready? Go!”

[Repeat for days (sequence running from Monday through to Sunday), months (Januagnbdde

and letter of the alphabet (A to Z)]

Mixed task (semantic categories and overlearned sequences, Expelifignts

[Follow previous instructions for overlearned sequences and followirrgdtishs for semantic

categories]

“When | tell you to start I'd like you to tell mes anany different types of animal as you can thfrk o
they can be any animals and in any order, but dapeat yourself. I'd like you to try and do this a
fast as you can and to keep going until | tell ymstop. Do you have any questions? Are you ready?

Gol”

[Repeat in exactly the same way for all required semanticarégsd
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Dummy categories (Experiment 5)

[Follow previous instructions for overlearned sequences and followirrgdtishs for semantic

categories]

“When | tell you to start I'd like you to repeatettword ‘red’ over and over as fast as you can — I'd

like you to keep going until | tell you to stop. Jpmu have any questions? Are you ready? Go!”

[Repeat in exactly the same way using the colours blue and green.]

2. Switching

Original task/ Order effects (Experiment 4) / Cues (no cue conditionfiExd 6)

Practice:

“What I'd like you to do now is to alternate betweelling me words from two of the categories |

have just asked you to repeat — I'll explain homaint you to do this. The two categories are gong t
be numbers and letters. The idea is to keep edaelyogy in the correct order as you have just done,
but to alternate between telling me a word fromheage — number, day, number, day. For example,

1/ Monday/ 2/ Tuesday/ 3/ Wednesday and so on.

Let’s try that out — starting with 1 and Mondayd like you to recite numbers and days in order but
alternating between the two. The days will havketep cycling round (as you did previously) as there
are only seven of them, but this time the numbgrguat keep going up and up — there is no need to
stop at twenty as you did before. So when youwd&t tSunday” the next number will be ‘8 and the

days will have to start again at ‘Monday’. Do yoaMe any questions? Are you ready? Go!”

[Allow the participant to go through ten iterations of the task ortiéiey are having difficulties or
misunderstand the instruction allow them to continue for another ten. Atabes sither before or

after attempting the practice session, it may be necessary to eefartitipant to a printed version of
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the correct responses, highlighting the incremental change in the numberceeapie the point

where the day sequence starts to repeat.]

Full task:

“Now | would like you to try that again but thigrte carry on for longer — | will tell you when t@st
and when to stop. There are a few rules for thigéy version. I'd like you to try and complete the
task as fast and as accurately as you can. | wa'giving you any feedback while you are doing this
so | cannot indicate whether your responses areecbior not. However, even if you think you've
made a mistake try to keep going for as long ascaou This time | don’t want you to start with ‘1’
and ‘Monday’ — I'd like you to start with the nunmd&’ and the day ‘Tuesday’ and to keep each
category in the correct order from that point ondsrFor example, the response would be “6/

Tuesday/ 7/ Wednesday/ 8/ Thursday” and so on.dddhave any questions? Are you ready? Go!”

[It may be necessary to clarify that numbers and days are not tied toteache. the starting point
of 'six” and ‘Tuesday’ is permissible as the number six is not bound to Thursdhg aixth day of

the week]

“Now I'm going to make the task a little harderd Ilike you to do the same thing again but this time
using three categories — numbers, days and mobhdhike you to start now with the number ‘4’ the
day ‘Friday’ and the month ‘October’. Rememberrpand do this as fast and as accurately as you

can, and to keep going until | tell you to stop. ¥y have any questions? Are you ready? Go!”

[Instructions are repeated with the addition of the category $eftarfour category switching, using
the start points ‘nine’, ‘Wednesday’, ‘February’ and ‘eight’. The cwsion of the task follows the
same category order and use the same start points at each stadasi. thiee order effects version
uses a different category order for each of its five conditions. Whéchivg between four
categories, all versions of the order effects task use the satrgostés, although categories are

necessarily in varying orders]
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Dummy categories (Experiment 5)

Practice:

“What I'd like you to do now is to alternate betweelling me words from two of the categories |
have just asked you to repeat — I'll explain homaint you to do this. The two categories are gong t
be numbers and the colour red. The idea is to keepbers in the correct order, increasing by one
every time (one, two, three...), but to alternageneen telling me a number and saying the colour

‘red’ — number, red, number, red. For example,dd/r2/ red/ 3/ red and so on.

Let’s try that out — starting with one and red, lide you to recite numbers as you did before but

saying the word ‘red’ in between each one. Do yavehany questions? Are you ready? Go!”

[Allow the participant to go through ten iterations of the task ortiéiey are having difficulties or
misunderstand the instruction allow them to continue for another ten. An add#mmapractice
session is required for this version of the task as switching betweglearned sequences is not

introduced until the second stage of the task, unlike all other versions]

Practice when two overlearned sequences introduced:

“I'd like you to try that again but this time witiiree categories — numbers, letters and the colour
red. So this time you need to keep both the nunalmershe letters in their correct orders, followieg
the colour red — number/ letter/ red/ number/ Idtted. For example, 1/ A/ red/ 2/ B/ red/ 3/ Cdre

and so on.

Let’s try that out, starting with 1, A and red. Kethe numbers and letters in the correct order and
alternating between the three word categories. dmft forget to say red! Do you have any

guestions? Are you ready? Go!”

[Allow the participant to go through ten iterations of the task oréléel are having difficulties or
misunderstand the instruction allow them to continue for another ten. Atabes sither before or

after attempting the second practice session, it may be necessdey thegarticipant to a printed
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version of the correct responses, highlighting the incremental changenimntifser sequence and the

point where the day sequence starts to repeat.]

Full task:

“Now | would like you to try that again but thisre for longer and with more word categories — |

will tell you when to start and when to stop. Thare a few rules for this longer version. I'd likeu

to try and complete the task as fast and as acelyras you can. | won’t be giving you any feedback
while you are doing this, so | cannot indicate wieetyour responses are correct or not. However,
even if you think you've made a mistake try to lggepg for as long as you can. We are using four
categories this time, a mixture of the sequentétgories and the repeated colour names — they will
be ‘numbers’, ‘red’, ‘green’ and ‘blue’. So the nhars will have to be kept in the correct order but
the colours stay the same every time. Unlike befbeenumbers aren’t going to stop at 20; they’ll
just keep going up and up. I'd like you to startwvthe number ‘3, followed by ‘red’, green’ ‘blue’

For example, the response would be “3/ red/ grddme/ 4/ red/ green/ blue” and so on. Do you have

any questions? Are you ready? Go!”

Instructions for increased OS categories:

“Now I'm going to make the task a little harderd Ilike you to do the same thing again but this time
using two sequential categories and two coloursunibers’, ‘days’, ‘blue’ and ‘red’. I'd like you to
start now with the number ‘6, the day ‘Tuesdaytpfeéd by ‘blue’ and ‘red’. The numbers will keep
going up as before but the days will have to cyalend as there are only seven of them — the colours
still repeat every time. Remember to try and de #disi fast and as accurately as you can, and to keep

going until | tell you to stop. Do you have any sfimns? Are you ready? Go!”

[Instructions are repeated using the categories ‘numbers’ (startgdirdays’ (start point ‘Friday’),
months (start point ‘October’) and repeated category ‘green’. ThievBnsion of the task uses no

repeated colour names and is the same as for the original instruction].
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APPENDIX B: PARTICIPANT RECRUITMENT LEAFLET

Would you like to take part in
psychology research into multi-

Students and staff welcome ©

e We are investigating how people are
able to carry out several different
tasks at once - for example, like typing
an email and talking on the phone at the
same time.

e The study takes about 30 minutes to
complete and involves reading and
reciting different types of English
words under different conditions

Everyone (non-psychology students & staff) who takes part will be
entered into a draw to receive one of two prizes of £20

Due to the nature of the task, we are currently recruiting right handed
people who have English as a first language, with normal hearing and no
speech or language problems. Full details given at the study website.

Psychology students - please sign up via Sona so you can receive course
credit. Cash draw is in lieu of course credit for non-psychology students and
staff only.

For more information on the study, participant profile and to sign up, please go to:

http://www.surveymonkey.com/s/HFKXCV5
Or contact me on:
f.essig@herts.ac.uk
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APPENDIX C: PARTICIPANT INFORMATION SHEET

Researcher: Fiona Essig
Phone: 01707 284 761
E-mail: f.essig@herts.ac.uk
Affiliation: School of Psychology, University of Hertfordshire
Introduction

| am a PhD student conducting research assessing task-switching skills. Task-switching is something
we all do frequently in our everyday lives, often without realising; for example, if you are reading a
book and hear someone call your name, your attention switches from reading the book to listening

to the person calling you.

If you consent to take part you will initially be asked a few questions about your background. Then
you will then be asked to carry out some verbal tasks involving explanation or repetition of various
words. Following this you will be asked to switch between different language tasks (full instructions
will be given before we begin). The session will be audio recorded for transcription purposes. There
is no right or wrong way to do the tasks and you cannot pass or fail. No judgement will be made
about you based on your performance. Please be assured that you can withdraw from testing at any
time without explanation, should you wish to do so. All participation is anonymous and confidential;
no information that could identify you will be stored along with any of your scores. Participation
records (including any audio recordings) will be destroyed at the earliest possible opportunity. It is

expected that testing will take approximately 30 minutes.

At the end of the session you may ask for more details about the experiment, although it will not be
possible to give feedback on your individual scores. If you have any questions at a later date or

would like to discuss anything about the study, please feel free to contact me (details above).

This study has been approved by the Ethics Committee of the School of Psychology under
delegated authority from the Ethics Committee of the University of Hertfordshire — Protocol no.

PSY 10/05/FE

If you have any questions before we begin please ask. Thank you for your participation.
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APPENDIX D: PARTICIPANT CONSENT FORM

The nature and purpose of the assessment procedures to be used have been explained to me and |
have had an opportunity to discuss this with the researcher. | understand that | have the right to
withdraw my consent at any time and without giving a reason, and that my participation will be

anonymous.

I do / do not (delete as necessary) voluntarily consent to take part in this research.

I do / do not (delete as necessary) voluntarily consent to this testing session being audio recorded.

Signed (participant) . .......... ... ...
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APPENDIX E: DEBRIEFING SCHEDULE FOR VERBAL TASK

SWITCHING

[Instructions to researcher are given in square brackets. If at gieythtaparticipant indicates that

they require more or less information, give as necessary]

“We are interested in is how people manage to catriya number of tasks at once (multi-tasking).
We are also interested in what happens when nadkiihg becomes more difficult, which is why the
number of word categories you had to switch betvieenreased every time. One thing that is
particularly useful is looking at the type of ersgpeople make and what happens after an error — do
people make more errors, slow down or manage toagtt to performing the task correctly? Do they
notice when they make an error or think they've enade when they haven’'t? Obviously we can't tell
people we are interested in that at the beginnind anay affect the results; the last part of thekt
(switching between four categories) is where wesetxmost people to make errors, as it is quite

difficult to switch between doing four differeninidps”

[Deliver the following passage as appropriate to the version ofshaded]

“By usingdifferent types of cues / dummy (colour) categdridsganging the order in which the
categories are presented / asking people to refeatask several timege hope to learn more about
the underlying processes used during multitaskietgaliour and whether presenting the task

differently makes it more or less difficult.”
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“We won't be able to tell any of these things untd have finished the study and looked at

everybody’s results together”

[If necessary reiterate that results are anonymous]

[If more information is requested — e.g. “Why are you interested ir' tiiieh continue as follows]

“Other researchers have investigated how long pedake to switch between different tasks, and
have suggested several theories of how people reaonagyvitch their attention between different
things. We are suggesting a slightly different tiiead how that might happen, particularly when
switching between different language based taslesrésults from tests like the one you have just

completed will hopefully support that theory.”

[If necessary explain further why you weren't able to disclose thifeedbeginning of the study. May

be omitted in the case of participants who are psychology students]

“In psychology we have to be careful not to give maany clues about the tasks we are asking people
to do in case it affects their performance. Forrapée, people who are told beforehand that they are
going to be doing a memory task might remember iitemes than if they were not told what the task

was for”

“Do you have any more questions?”

“Thank you for giving your time to take part inghétudy, it was very much appreciated. Goodbye”
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APPENDIX F: TRANSCRIPTS OF TARGET AND NON-TARGET

UTTERANCES FOR THREE PARTICIPANTS

KEY
Valid response Non-word utterance Word utterance
Self-correction Error

Participant TW27L Continuous Series Il 4-categories

“9... Wednesday...February... H... 10... Tuesday... March... I...11... Wednesday... April... J... 12...
Thursday... May... K... 13... 13... Friday... June... no, June-June-June-June-June, K —L... 14... Saturday...
14... Saturday... July... M... 15...Sunday... August... N... 16... Monday... September... O... 17... Tuesday...
October... P... 18... Wednesday... November... Q... 19... Thursday... December... R... 20... January — no
it’s not, is it? It’s 20, days of the week, 20... Monday... January... S... 21... Tuesday... February... T...
22... Wednesday... March... V... 23... Thursday... May = no, April... W... 24... 24-24... Wednesday...
June... X... 25... Thursday... July... 25... Friday... August... Z... 26... Saturday... A... 27... Sunday...
October... B”

Participant TW28L Continuous Series Il 4-categories

“9... Wednesday... February... H... 10... Thursday... March... ... 11... Friday... April... J... 12... Saturday...
June... K... 13... Sunday... July... L... 14... Sunday... August... M... 15... Sunday... September... M... erm...
15... Saturday, Sunday... Monday... September... N... 16... October, no it’s a day next, Saturday,
Sunday... Monday... October... O... 15... um... Tuesday... November... P... 16... December- no, it’s the

days of the week, it's not September... Monday... November... 17"

Participant TW28R Continuous Series Il 4-categories

“9... Wednesday... February... H... 10... Thursday... March... ... 11... Friday... April... April = what was it
after that? April... J... 12... Sunday... May... K... 13... Monday... June... L... 13... 14... Tuesday... July...
M... 15... Friday... August... J... 16... Saturday... September... K... 17... Sunday... October... L... L... 17... |
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don’t know what | was up to, 17 — I'll say Tuesday... November... M... 18... Wednesday... December...
N... 19... Thursday... January... O... 20... Friday... February... P... 21... Friday... March... Q... 22...
Saturday... April... R... 26... lost it — 26... Saturday... August... T... 27... Sunday... September... T... 26"
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