This copy of the thesis has been supplied on condition that anyone who consults it is
understood to recognise that its copyright rests with its author and that no quotation from
the thesis and no information derived from it may be publighittwut the author's prior
consent.



UNIVERSITY OF
' PLYMOUTH

INVESTIGATING STOPPING WHEN
STUDYING NOVEL INFORMATION

ABBIE BALL

A thesis submitted tniversity of Plymouth in partigulfilment for the
degree of

DOCTOR OF PHILOSOPHY

School of Psychology

July 2021



Acknowledgments

| would firstly like to thank my boyfriend, Christopher, for his love and understanding

throughout. I will always be grateful for younwavering suppart

I would also like to thank my supervisoBy, PeterJonesProfessoilim Hollins and
ProfessoChrigopher Mitchel) for their support and guidance. My supervision has been

key to me completing this project, along with their professional and moral support.

Further thanks go tthe undergraduate students who took part in my experimesisr
participation is much appreciated. | would also like to give my thanks to Sarah and Beth,
who aided in the data collection for Experimenfzig thank you must go tihe

members of Memory Luncor their advice, and to my fellow PhD studefdstheir

daily support and memorable chats! | will miss this so much.

Dedications

This thesis is dedicated to my Narera,who passed away at the grand age ofWidgin

my first year of study. My nan was a very determined lady, who inspired me so much. |
will forever miss her love, jokes and endless pride and encouragdmoenof love to my

Nanny.
| would also like to dedicate my thesis to my parents, Norman and Jill, wihitvout |
would not have achieved what | havemy life so far | will always appreciate their

unconditional love, support and understandingalomuntof thankyoub will be enough!



Aut hor 0s Decl arati on

At no time during the registration for tidegree of Doctor of Philosophy has the author
been registered for any other University award. Work submitted for this research degree
at the University of Plymouth has not formed part of any other degree either at
University of Plymouth or at another edtabment.

Conferences were often attended, with poster presentations given presenting the current

work.

Word count for main body of thesis:41,122

Publicationsin preparation reporting experiments conducted as part of the PhD:

Ball, A., Jones, P.M., &lollins, T.J. (2020) The decision to stop studying novel

i nformation may not be mal adaptive from

Signed:Abbie Ball

Date:26.09.2020

1



Abstract

Investigating stopping when studying novel information

Abbie Ball

The current research aimed to further the knowledg® why people often terminate
studyingof novel informatiorearly, whichhas been found to lketrimental to
performancelt has been suggested that stopping is due to an incorrect belief in
information overload, specifically that seeiachighenvolumeof informationis harmful
for performanceThe current researaxplored stopping under multiple perspectives.
This included whether it is a metacognitimechanism, a motivational mechanism or
whethertis purely a belief in information overloa@hapter 1 reviews the relevant
literature around stopping and study time allocatdnapters 21 report 9 experiments
that aimed to explore stopping of word lists, repeated word listteats] respectively.
Chapter Zeports four experiments, which suggest that stopping of word lists is less
likely a metacognitivéunction, and more likely to be due to motivational factors. It also
poses doubt for the original suggestion that stopping is due to an informatidoad
belief. Chapter 8ontains the reporting of two experiments that suggest stopping of
repeated word lists is consistent wattmotivational accounChapter 4 also reped
similar findings withthree experimentshowingthis accounts consistent with text
stimuli. Chapter 5 therefore concludes that the regutiside evidence that stopping is
due to motivational factors, in particular that stopping could be daelézrease in rate
of acquisition as study time increases, leading éanbtivation to stoghe presentation

of information
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1 Chapter 1Introduction

How somebody masters their own learning is referred to asegplfated study

(Zimmerman & Schunk, 1989) and concerns how they approach educational tasks.
Usually those who are effective seffigulated learners monitor their own knowledge,
develop their wn goals for learning, are more proactive in their learning and actively
seek out ways to improve their learning (Zimmerman, 1990; 2000). However, in
circumstances wheiieis important for us to learn as much information as possible,
regulation of learnig often fails. For examplstudentoften limit the amount of novel
informationtheystudy Average attendance at university lecturas been found to be
aroundonly 56% (Kelly, 2012 NewmanFord, Fitzgibbon, Lloyd, & Thomag008 and
barely more than half of students attend classed0806 of the time (Mearam,

Pacheco, Webber, Ivlevs, Rahman, 2014). Lecture attendance, however, is a reliable
predictor of attainment (e.g. Romer, 199R)us, even though being activelygaged in
learning is a necessity to acquire knowledge, people often do not do this effectively and
to the detriment to our learning outcomes. This thesis will aim to focus on this;
specifically, it wil!l | ook at stapthest oppi ngd bet
aqquisition of new information with this being disadvantageous to performance. It will
explore why this occurs, with the aim of applying to 4iéeal studying behaviour.

Early research into the acquisition and loss of knowledge stems from that by
Ebbinghaus (1885) who showed that memory and learning processes could be studied
using experimental methods. He firstly described the learning curve, which represents
p e o pléamidgsover time, showing that learning increases the quickest at the hgginni
of study, to then gradually even out and less acquisition is made after a longer period of
time. As well as this, Ebbinghaus documented the forgetting curve, which describes the
loss of information over time. This showed that forgetting is quickesdllgjtwhich
then gradually levels out after a longer period of tifites research was important in

1



showing how memory and time are associated and how memory for information can
quickly increase or decay.

For material to be effectively learned, the leammeist invesenough study time
to master the item&esearch into thisas investigated tretudying of material within a
single sitting looking atthe function of time and learningith this showing that
eventually learning plateauthe longer a person studies it (e.g. Ebbinghaus, 1885; Son &
Sethi, 2006)This relates to the list length effe@t,g.Murdoch, Lissner, & Marvin,
1962; Ward, 2002Vard, Tan, & GrenfelEssam, 2010which explainghat as the to
be-studied list length increases, thportion of items recalled decreases, but the overall
total number recalled increases. When comparing list lengths of 10, 20 and 30, Ward
(2002) found that total word recall increased (5.22, 7.13, 8.11 respectively), however the
proportionof words thatwere recalled decreasethis function is also applicable to the
learning of lists across multiple trigls.g.Dunlosky & Salthouse, 199&arpicke &
Roediger, 2007Klein, Addis & Kahana, 20059yelson, Dunlosky, Graf & Narens, 1994;
Tulving, 1964; 1965 These studies have investigated this by giving participants lists of
words, studied across multiple trials and have plotted their recall according to trial
number. Their results tend to find that the gain in recall after the first couple of list
exposues reduces in rate. This research highlights that even though memory improves
with additional material, the rate of this negatively accelerates, where participants get the
most benefit from the first exposure, or the earliest few items. Thus, studyiogedf
material could be influenced by this perception in decline in rate of learning, with people
being likely to reduce their time on studying if they feel that there is little benefit in

continuing.
1.1 Metacognition

Experimental research into the way inigfhpeopleregulate and monitor their

learning acquisition has found that ifpiartly governed by our metacognitisuggested



by Flavell (1979 as theknowledge of and experiences of our own cognitive processes
Nelson and Narens (1990) proposed two congnts needed to have a successful
metacognitive system: control and monitoring. The notion of control involves the use of
our mental facultieso decide what to dtw achieve our goals; for example, the way in
which peopledecide to study a range of coraplmaterial or the decision to terminate vs
continue revising for an examhe monitoring component involves our cognition being
informed by our thoughts and judgmeatsout our current state of cognitidor

example, whepeopleevaluate novel information amticide how difficult it would be to
learn Within their framework, Nelson aridarens (1990) described two prospective
judgment types the person will make about encoding of the stimuli they are learning.
These judgement typese usually made when acquiring new knowledge. The first are
Ease of Learning (EOL) judgments, which pertain to information that is yet to be learned
and indicate how easy the person feels the material will be to learn. For example, a
person might judgehtat it would be harder to learn a text about neurobiology than to
learn a text about popular music, even before they had seen either text. The second
judgment type are Judgments of Learning (JOL), which are usually made immediately
after the person has glied the items and are often predictions of future test performance
for those items. These judgements can be split into two typesbased JO§, which

are made in response astudial item, and listbased JOLs, which are made to indicate
what proportio of a list participants judge they have learned. These judgments are
usually made out of 100, indicating what level of learning has taken place.

Mul tiple factors have been found to influer
the cueutilisation frameworkbeing developed by Koriat (1997) to distinguish what sorts
of cues these were. These have been determined as intrinsic, extrinsic and mnemonic
cues. Intrinsic cues relate to the perceived properties of the stimuli, extrinsic cues are

those that concernehconditions of learning, for example theial position of the words



and any repetition, and mnemonic cues indicate how much of something has been
|l earned. Koriatodés research found that
on the accurey of JOLs, compared to intrinsic cues and mnemonic cues.

Research has since considered how accurate JOLs are in reflecting actual
performance, as well as considering what factors can influence this aca®acy.
accuracy can be split into two concepesolution and calibration. Resolution is the
accuracy in which a person can discriminate their JOL for recall between(Aeris&
Dunlosky, 2011)Calibration is howaccuratey JOL relate to overall performance of
recall (Ariel & Dunlosky, 2011).One sich factor that influences accuracy of JOLs is
delaying the JOL made for study items. NelaodDunlosky, (1991) investigated this,
comparing the JOLs made by participants either immediately after studying the item
stimuli or after a block of item studsidls (delayed JOL). It was found that delaying the
JOLs led them to be more accurate in predicting recall. This effect has since been
supported by multiple studi€s.g. Dunlosky & Nelson, 1992; Weaver & Keleman, 1997,
see metanalysis by Rhodes & Tauhe&011] for further evidence). Theoretical accounts
for thi-30bdef gedd | argely follow that
participants to assess properly what they have and have not Tdase accounts
specify thatdelaying JOLs reduces the lunce of immediately accessible information
and thus leads to participants having to rely on cues from thektéonmgmemory
(Rhodes & Tauber, 2011).

A factor that can impact immediate and delay&l. accuracy is encoding

fluency, whereby the leskiently an item is learned, the lower the subsequent JOL for

that item (Koriat & Mabayan, 2005) . For

participants study words presented either in a large font (48pt.) or smaller (18pt.) and
gave JOLs for each. Participactnsistently gave higher JOLs for larger fonts, but this

did not accurately reflect performance.
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Another factor that impacts JOL accuracy is the test format after participants have
studied the items. Research has found that test type can influence wikdtker
accurately reflect performance. For example, it is notable that previous research has
found that people perceive recognition tests tedmerthan recall tests (e.g. Thiede,
1996), with test expectancy research also finding that participants whipate a recall
test will use encoding strategies that benefit both recall and recognition tests (Neely &
Balota, 1981). However, it seems that participants do not vary their JOL depending on
the anticipated test type. For example, Mazzoni and Corr®8i3) found that JOLs
wereequivalentwhen participants expected each kind of test, even though more study
time was allocatedhen the test was recall.

Research has found that JOLs for an entire list can be subject to under
confidence, compared to itebased JOLs (e.g. Connor, Dunlosky & Hertzog, 1997,
Koriat, Sheffer& M@ywan, 2002), which is also known as
(Treadwell & Nelson, 1996). Mazzoni and Nelson (198&)forward that itemJOLs
may be overconfident due to the fact thensemay seem more recallable straight after
they have been studied. On the other hand, aggregate JOLs may be underconfident
because people may feel that after studying a long list, they are aware that recalling a
large number of items is unrealistic.

Thus,it is important to consider that JOLs are often based on heuristics that are
often wrong and therefore can lead to ineffecsittalydecisions, like stopping of word
lists. These metacognitive judgments have been utilised within previous research
investigating the allocation of study time using laboratory studies in which people, often
students, are asked to make decisions about whether they have studied for long enough
and how to do so effectively. This research can be divided into two broad themes, which

will be discussed next.



1.2 Ongoing Study TimeTheories

How a person decides how to allocate their time to studying new information has
been investigated and split into multiple theordse first, and more prominent, theme
of research into study time allocatimthe allocation of time within ongoing studg.
the typical multilist paradigm used in this research, participants study lists of items
across multiple trials and usually rate their JOL for each item on each presentation
through the list. Participants usually then are asked to allocate study tinesbeatems.

For example, Nelson, Dunlosky, GreidNarens, (1994) gave participants a list of 36
Swahil-English translations to then restudy. They found that JOLs seemed to govern
study time allocation. Floe a re x erdsfudied enor@ t e m:
than t hose -ljadrgread éa.s Thies kdtw &nin@eage inmeeall.a |l | o
In a similar study, Thiede (1999) also presented participants with 36 S&aglish

translations across six trials with JOLs for each item gafear the entire list had been
presented. They found that as trial number increased, so did JOLs, which led to a decline
in study time allocation for items selected for restudy. As well as this, recall increased
across trials, again suggesting that JOLdiated the relationship between time

allocation and recall.

Theories that follow this path of research into ongoing study time are the
Discrepancy Reduction Model, STEM and the Proximal Learning Theory, as detailed
below. Thesetheoretical perspectives fag on the parameters governing optimal study
time allocation, where the learnersiseking to learn effectively

1.2.1 Discrepancy Reduction Model

Firstly, the Discrepancy Reductiomdory (Dunlosky & Hertzog, 199 proposes
that time is allocated in proportida the discrepancy between current and desired states
of knowledge All other things being equal, this results in more time being allocated to

items that have been less well learnBuis theory also predicts that the allocation of



time should be determideby the value of the reward associated with recalling the items,
with more valuable items allocated more time.

Much research has provided support towahds model of study time attation
(e.g.Mazzoni, Cornoldi, & Marchitelli, 1990on & Metcalfe, 200Q)Thiede &

Dunlosky, 1999whereby when items are judged harder to learn, they are chosen to be
restudied more often when compared to items with lower FOLexampleMazzoni et

al. (1990) gave participasiO transitive sentences to study, followed by giving a JOL for
each, to then have a period of time to restudy the items. They found that participants
allocated more restudy time to items that were given lower 3@ilshus with a higher
discrepancy betweeheir current and desired knowledge states.

However, within this literaturegven though studying harder iterms preferred
choice, it does natecessarilyead tobetter recall. Thisis knownastbel ab ordé i n
effect, first coined byNelson and_eonesio (1988 who gaveparticipants 27 trigramt®
study. First, participantgrovided EOL (Ease of Learningudgmentdor eachtrigram
andthenrecalledas many as they coulRarticipants were split intiovo groups one
where emphasis was madéhin the instruction®n thespeed of recall and the other on
the accuracy of recall. Those in the accuracy condgpamt loger studyingcompared
to those in the speed conditiom both comwlitions, itemswith lower EOLwere allocated
morestudy time in line with the DiscrepancyReductionmodel. However, this did not
lead to a subsequent improvement in red#hile participats hadallocated more than
twice as much study time under the accuracy instructions compared to under the speed
instructions, mean percentage of recall for those in the accuracy condition was only 6%
higher than the speed condition. Because the additstudy time was disproportionate
to the subsequent benefit to recall, it was labelledbthea bwai né ef f ect

Other esearchhassince casdoubt on théiscrepancyReduction theory,

suggesting that it is not truly reflective of study time allocation in that students do not



necessarily always allocate their time to least well learned items. Son and Metcalfe
(2000)positedthat researcBupporing the DiscrepancyReducton theory usually use
shortstudymaterials and allow participants ample study time. As well as this, Son and
Metcalfe conducted a studyhere participantstudiedbiographiesand gave EOL
judgments aftevards It was found that participants do not neeeg solely allocate

their study time to harder items. For example, their first experiment found that more
study time was allocated to judgedsy items when the goal was to freely read the
materials, versus those who were told they would be tested amateeials. Their second
experiment found more time allocated to harder items when the materials were shorter,
and their third experiment found study time was allocated more to jtegdmaterials
when there was higher time pressure. Therefore, it stenhstudying leasivell learned
over mostwell learned items is the case only in certain circumstances. This idea led to
the Shift To Easier Materials (STEM) effect.

1.2.2 STEM

Due to evidencéhat people allocate time to easier items in certain circumsance
the Shift toEasier Material (STEM) effect wggoposedThiede and Dunlosky (1999)
first reported this shiftParticipants studied 30 paired associates and theragié
rating for eachThese items were then presented simultaneously in an array, where
participants had to select the items they wished to restudy. Prior to selection, participants
were instructed to either focus on maximising their performance or they were told to only
learn 6 out of the 30 items (low performance goal). Thiede and Dun{®8R9) found
that those instructed with the latter on average selected 8 items to learn, which were on
average rated as easier, compared to those in the former group who selectédhmost o
items to restudy. Thus, when performance goals are loweredgpaedikely to select
easier over harder items to learn. Dunlosky and Thiede (2004ductedheir research

to further supporthis and found thawhenparticipants are given a logoalfor



performancetheyhave the tendency to restudy easier itener harder itemsDunlosky
and Thiedalsoused fems that were presentamjether(simultaneouly) or one at a time
(sequentidl) andparticipantswereeither given instructions on how best to study the
materials or were noRarticipantsn the instructed group were tdid select 6 of the
easiest items to restudystategy that wagreviouslyhypothesised as being used by the
peoplewhen studying indeendently (i.e.when not instructedhus,if this hypothesis is
correct,those in the instructed group should simulate theinsinucted group. The
participants studied 30 noun pairs and participants gave JOLs for each item once the
whole list had beentdied. All participants were then asked to restudy 6 items, with the
instructed group specifically told to study the easiest items. Dunlosky and Thiede (2004)
found that in tle sequential condition, participamsislectednore of the difficultitems to
regudy, against their godil.e. study the easiest itemBpwevemnnderthe simultaneous
condition,participants were more likely to start with harder items and then switch to
easier items (STEM). Thus, when participants had a low performance goal aneldsele
items under the simultaneous format, instructions did not influence item selection. This
suggests that under the sequential format, participants were unable to execute a plan
effectively but were able to under the simultaneous format. Participargéatteewere
more likely to study the easier items under certain conditions.

To account for this behaviour that is opposed tdtiserepancyReduction
theory, Metcalfe and Kornell (2005) proposed the Region of Proxigahingtheory.

1.2.3 Region ofProximalLearning Theory

This theoryproposes that people allocate more study time to items that are
perceived to be more learnabldetcalfe 002)surmised that thBiscrepancy
Reduction model does appiy study behaviour, but only under certain conditjons
leading to the Region of Proximal Learning theory {d¢4ée & Kornell, 2005)This

model is based on findings from multiple studi€srpell & Metcalfe, 2006 Metcalfe,



2002; Metcalfe Kornell, 2003; Metcalfe & Kornell, 20Q05which show that people
actually allocatenore timeto itemsthat are in their own region of learning ability and as
time allowance increases, participants give more time to harder Weithén their first
experiment, Metcalfe (2002) gave participants 144 End@iganish word pairs divided
into easy, medium and hadifficulties. They found that when participants had more
time to study, they studied more of the medium and harder words which was
proportionate to their recall. The easier items also had the highest proportion recalled
across all word difficulties. Thay participants allocated time to achieve the most
learning. This study alsacorporatedarticipans previousknowledgeand found that
participants with expert knowledge allocated more time to the harder items, which were
more likely to beunfamiliar tothem.Similarly, Metcalfe and Kornell (2003) gave
participants 144 EnglisBpanish word pairs split into easy, medium and hard difficulties.
They found that participants selectively allocated their study time to items of easy and
medium difficulty, whichwas shown to be an effective strategy; initial recall gain for
these items was smaller but became more sustained. Therefore, these results provide
support that allocating time to items mol
is more effective thn allocating time more to harder items.

From this,MetcalfeandKornell (2005)formulated that the Region of Proximal
learning theory has two componertboice and perseverancéhey proposethat a
per sonds met ac ongaoth stagesfor chioise, peaple detidehatdo
study and in which order and the perseverance stage, people decide how long an item
is studied beforewitching to anotheMetcalfe and Kornell (2005 roposedhat the
decision tostop studyingan item within ongoing study timiebased onthp er son 6 s
judgmentof their Rate of Learmg (JROL). For example, if someohelieves that their
rate of learning iigh, they will continue, buf ithis rate decrease$en they are more

likely to switch to the next item.
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Thus far, | have summarised the research that exists into the allocation of ongoing
study time between items where participants are required to optimise the time they are
given.The theories outlinedchsire core concepts in that people often have goals for
performance, and their behaviour is governed by these goals through the monitoring of
learning, which is often elicited using JOLs. This behaviour in turn can impact learning
outcomes, for example chsiag to continue studying an item versus switching to
another. Overall, even though some of these behaviours may be ineffective at times, they
generally are not maladaptive in the way it impacts performance, for example leading to
poorer recall.

However,more recently, research has explored study time following a different
path looking at the studying of items that are completely novel to participants, where the
pacing of time is not controllable by the learner, and where they have one opportunity to
study the items. This research highlights that people can be maladaptivddafalseo

beliefs when learning word lists, which will be discussed next.

1.3 Novellnformation Study Time

The second research theme examining study time allocation is more recent, and
involves the decision to restrict exposure to novel informalturayama, Blake, Kerr,
and Caste{2016)initiated such research to investigate tietacognitivedecision to stop
the incoming of novel informatiohis line of research is separate to the previous
ongoing study time literature in that this firstly does not include the ability to sestud
items, nor does it allow participants to control the pacing of item presentitios,. the
stimuli are completely novel foarticipantsand they are unable to control what
information is presented to them next. The only control mechanism available to
participants was the choice to continue or stop studying the list prior to the test. The goal
for the participants was to maximise recall on the final test (and there was financial

reward for this). Nevertheless, Murayama et al. (2016) reported a patterhasfiour
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that they described as maladaptive, and reflecting a metacognitive false belief, in that
people stopped studying early, and worsened their recall as a result. Because of the
centrality of this study to the present thesis, it will be describdetl.

1.3.1 Murayama, Blake, Kerr and Castel (2016)

In their first experiment, Murayama et al. (2016) showed participants a list of 50
words, with the aim of remembering as many words as they could for a subsequent free
recall test. This was repeated foretarword lists. The words used were nouns of four to
six letters in length of an average HAL frequency of 9.26 and were taken from the
English Lexicon Project website (elexicon.wustl.edu; Balota, Yap, Cortese et al., 2007).
Participants were split into e#ha standard lidearning condition, in which all 50 words
were studied sequentially (control condition) or they were allowed to terminate the list
where they judged that their recall would be maximised (stop condition). If participants
stopped the worlists, they would move instantly to the test phase for that list.
Additionally, to encourage participants to maximise their recall, they were offered 10
cents for every word they correctly recalled.

The majority (62%) of lists were stopped, with an overaan stopping position
of 32.9 out of 50. This finding includes those who did not choose to stop and thus saw all
50 words. The mean recall in the stop condition was 7.11, whereas the control condition
had a mean recall of 8.96. As well as this, withi@ $top condition, the number of words
seen positively correlated with performance (65), therefore it is surprising that
participants still chose to stop considering that doing so worsened performhiscs.
conceptually similar to more naturalisstudies showing that limited engagement in
studying predicts poor acadenaichievement (e.g. Cah& Johnson, 2006;andin &

Perez, 20155chmulian & Coetzee, 2011).
These findings are consistent with the-lestgth effect discussed earlier (e.g.

Murdoch, Lissner, & Marvin, 1962; Ward, 2B0Nard, Tan & GrenfelEssam, 2010

12



A

Within the context of Murayama et al . ds
condition had only a slightly higher mean recall thawse in the stop condition (8.96 vs.
7.11).Therefore, a the mean stoppiposition was 32.9, those who saw all 50 words

saw on average 17.1 more words than those in the stop condition to only gain 1.85 in
their recall, reflecting a declining rate of acquisitiand thus could be wiparticipants
stopped more often than not

In subsequent experiments, Murayama et al. (2016) aimed to remove any
confounding factors that may tax participant cognitive resources. In their second
experiment, the serial position of each word in the study phase was indicated by an
onscreen counter, sbat participants would not have to keep track of how many words
they had seen. In their fourth experiment, participants were not told the total length of the
list, to prevent this from influencing the decision to stop. In both cases, the results were
similar to Experiment 1. For example, their second experiment stop rate was 51% with an
average stopping positiarf 34.6. Their fourth experiment average stop rate was 67%
with an average stopping position of 30.2. As for recall, average recall for ssop list
their second experiment was 6.74 and control lists was 8.04, with average stop list recall
of 7.36in their fourth experimentCorrelations across their experiments 2 and 4 were
also similar to that found in their first experiment (Expt 2:.64, Expt 4:r = .54).

Mur ay ama e tExperimend 3vasfeighdd@o)address the question of
whether participants in the stop condition had poorer memory performance because they
saw fewer words, or because the decision about whether to stop thtetishaa
distracting secondary task during the study phase. Each participant in a yoked group saw
the same number of words as a participant in the stop group, with the difference that the
participants in the yoked group did not choose their stopping @ositi he number of
words recalled during the test phase did not differ between groups, suggesting that the

number of words seen determined performance rather than the stopping decision itself.

(2016)



Interestingly, although positivecorrelation between the numbof words seen and
recall performance was seen in both grofgtsp groupr = .53, yoked group. = .31),
Murayamaet al. posited thisvas somewhat weaker the yoked group. One possible
explanation for this result is that participants in the stopmwath poorer memory
abilities chose to stop earlier than those with better memories. In the yoked group
memory ability should not correlate with stopping position, leading to a poorer
correlation between the number of words seen and eelcall
In Murayamae't al . 6s (2016) fparfictpants waredested n a |
on their beliefs in learning the materialsvo groups of participantgad a description of
a hypothetical experimetttat hada similar procedure to Experiment 1, except that they
weretold only a single list of 50 words would be used. All participants were told that the
goal would be to maximise the number of words recalled. Those in the stop condition
were told they would hypothetically be able to stop the list at any point and asked t
predict their stopping position and subsequent recall. Those in the control condition were
only asked to predict their recall. Participants in the stop condition predicted they would
stop after an average of 30.4 words, and that they would recall agawdrl6.22 items
with anoverallstopping rate of 59%. The control condition, who could not stop,
predicted they would recall an average of 14.8 items. These data are consistent with the
idea that participants were unaware of the harmful effects ofistppghus, Murayama
et al. concluded that participants in the stop conditions of the earlier experiments were
likely to have stopped because of this incorrect belief, which they characterised as a
metacognitive illusiomnd t hat t hey asside advantagewivieveingo f t
al | the words in the |ist to enhance rec:
This account is consistent witpeopehe 0
often hae the belief that seeing too much information can be har(&upler & Mengis,

2004), thus,leading to participants stopping prematurdligis could be related to the fact
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that when a person is presented with a large amount of information, they often feel
overwhelmed and cognitively strained (Eppler et al. 2004). Thus, this could lead to the
dedsion to restrict what information people see.

Murayama et al.d6s (2016) study posited the
metacognitive errgthowever their experiments did not fully explore this. To date, there
is no published replication of thssudy, however, the work in the present thesis is
informed bymy undergraduatperoject,which provided a replication and extension. This
used a similar paradigm as Murayama et al. (2016) but utilisethia-subjects design
rather than a betweesubjectdesign. The aim of this was correlate participant
performance on the control lists with stopping position within the stoptlistee
whether there was a relationship between overall memory ability and stopping decisions
Seventyone participants werused in this experimentho wereinstructed that their
goal was to maximise their total recall. Participants vasted to complete four study
test cycles for lists consisting of 50 wortlso of the lists they could stop at any time
they wanted and thather two they could noEach word was shown in the centre of the
screen one by one for 2 seconds, with ase@&ond interval between each word where the
screen was blank. After each list was shown, the participants were then instructed to
write down agnany words as they could remember from the list.

The average stopping rate (64%) and stopping position 8120 was similar
to that found by Murayama et al. (20185 well as this, | found a significant positive
correlation  =.546) between stoppimpsition and recall replicating the key behavioural
findings reported by Murayama et al. (2016). Additionally, | found a positive significant
correlation between stopping position and control list recalld74) as shown in Figure

1-1.
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Figure 1-1. Scatterplot demonstrating the correlation between stop list stopping position

and control list recall from my undergraduate project. Each dot represents a participant
and the grey line showike relationship between the two variables.

While the behavioural effect is replicable, it is still unclear as to why people might
choose to stop studying when it appears to be maladaptive. Potential explanations (to be

explored in the thesis) for this patn are covered in the next section.
1.4 Factors that could influence stopping

The factors that could influence stopping can be distinguished as either being
Oexpebasendé or -baisrefddr. mdaseddactorsean also be
considered as hatognition factors, due to being linked to the emotional state of the
experienceleadingthe person to be more responsive to the task at hand and could lead to
biased thinking and decision making (Roiser & Sahakian, 2013). Inforrizdied
factorscouldalsbe consi dered as 6écold cognitiond
emotional processing (Roiser & Sahakian, 2013).

Experiencebased factors are ones that infor
arebasedn mnemonic cues and subjective feelings, inclgdither emotional cues that
may not be related to task progress (Koriat, Nussinson, Bless & Shaked, 2008). Koriat
(2000) put forward that such factors have a-stage procesd he firststageinvolves

subjective feelings (for example perceived progres$kartask or feelings of boredom)
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which then inform memory predictions. Informatibased factors (theory based) rely on
preconceived notions about oneds knowledge abou
Bless & Shaked, 2008) or when making judgments shaask without actually

experiencing it (Sarac & Karakelle, 2012). An example of informatiased cues are the
beliefs people often hold about a task or their own cognitive abilities. However, it has
been found that in some circumstances, participafia\ue against these information

based judgments, whereby the experience of the taskidesrhow they planned or

think they should study, which has been found in previous research. For example,
Blasiman, Dunlosky and Raws¢2017) asked participants tovg their planned studying
across a semester. Specifically, they were asked to provide an estimate of hours per day
they will study in two weeks before an exam, as well as what strategies they will use
across the semesteereading, copying notes, sumnsamng, practice testing,

highlighting, flashcards, elaboration and/or outlining. Participants were also asked to rate
how effective they thought each strategy was. Students were followed up every few
weekswhere they werasked how long they spent studyemgd what strategies they had
used and what material they had covered. It was found that the most intended strategy
was rereading notes, followed by the use of flashcards, copying notes and test practice.
Actual strategy usage was highest for rereadingptds, followed by the rereading of
textbooks and highlighting.hus,even though students planned to reread notes, which is
often ineffective (Dunlosky, Rawson, Marsh, Nathan & Willingham, 2013), their other
planned strategies are usually effective oees. test practice: Roediger & Karpicke,
2006)butthe studentddid not use them in practicAs well as this, students were found

to mostly mass their study, which again has been found to be more ineffective than
spacing studying (Kornell, 2009). Theredoit should be noted that even if a person

holds certain beliefs and kntedgeof an effective study strategy, the task experience

may dominate over their ability or willingness to execute this.
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1.4.1 Beliefs

Murayama et al. (2016) posited that stopping wésrned by the particular
informationbased cue that is a pcenceived belief regarding how best to study the
I nformation. Il n Murayama et al . o6s fifth
hypothetical experiment and predict their stopping fortafi&0 words, along with
subsequent recall. This experiment found that participants predicted stopping more often
than not, without considering any detriment to their predicted recall. Thus, Murayama et
al. (2016) suggested that participants believeddiogiping was an effective study
strategy. Experiment 4 within the thesis will explore beliefs in more detail, due to
Murayama et al. (2016) not fully exploring this in detail. Beliefs are also being
considered here as an experiebesed cue, due to tihénfluence at the time of study.
For example, when studying a list of words, depending on the experience this may cause
a person to believe that stopping is beneficial at that time and thus lead to study

termination.

The role of experienebased beliefan studying was touched upon previously,
with the cueutilization framework (Koriat, 1997) positing that judgments about memory,
and consequently study behaviour, are partly influenced by beliefs. Therefore, if memory
beliefs are inaccurate then poor stgiés may be adopted. There are many
demonstrations of dissociations between memory beliefs and memory outcomes,
especially at the time of the task experience. For example, sparsegmassed practice
(Kornell & Bjork, 2008). This is where the use of spacing items improves memory
performance when compared to massed presentation. However, people tend to believe
that massing is superior. Linking back to the idea of hot and cold cogmitassing
often leads to an inflated sense of fluency (Kornell & Bjork, 2008) and thus makes the
person feel that their learning rate is higher than it actually is. Thus, the experience (hot

cognition factor) is positive, yet realistically learning is redtactive of this. Another
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example is the testing effect (Roediger & Karpicke, 2006), wherdesihg enhances
performance more so than restudy. However, participants tend to have the belief-that self
testing is only useful for monitoring learninigdrpicke, Butler & Roediger, 2009
Kornell & Bjork, 2007). Another example of inaccurate beliefs about study is the lack of
sensitivity towards the effect of delays (Koriat, Bjork, Sheffer & Bar, 2004), whereby
participant JOLSs fail to take into account thlieaa longer retention period, recall will
decay and thus predict that recall will remain stable after a delay. The processing fluency
of items can also impact the beliefs surrounding memory performance. For example, it
has been documented that presentiems in a larger font size inflates JOLs, even when
this is not reflected in performance (Rhodes & Castel, 2008). This is also the case when
items are repeated, which has been found to increase processing filvrittiegea,
Jacoby & Girard, 1990 which can inflate JOLs (e.@®egg, Duft, Lalonde, Melnick &
Sanvito, 1989; Dunlosky & Matvey, 2001acoby & Dallas, 198XKornell, Rhodes,
Castel & Tauber, 2011; Mueller, Tauber & Dunlosky, 2013).

Overall, beliefs have a big influence on study behaviourrevpeopldend to act
in ways that are not consistent with their stated belgjtsk, Dunlosky & Kornell,
2013; Blasiman, Dunlosky & Rawson, 20W¥issman, Rawson & Pyc, 20jland also
where people select ineffective strategies believing they are eéf¢ety. McCabe,
2011; Tauber, Dunlosky, Rawson, Wahlheim & Jacoby, 2012 ). Therefore, stopping
could bean example of thigarticipants may stop because they erroneously believe that
this is beneficial for performance. As touched upon by Murayama (20416),
participants may hold the belief that seeing more is harmful for recall, when in reality
this is not the case.

In the next section | discuss a number of potential factors that might influence
stopping that are alternative to the role of beliefpa#t of the thesis will test whether

beliefs are strong enough to influence stopping alone, however other factors will be
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considered as well. These include the role of experibased cues, which will be in the
form of the monitoring of memory processas,well as the role of motivation.

1.4.2 Monitoring of memory and forgetting

One factor that could influence stoppl
has found that the use of study strategi
capabilities,or at her a personédés perception of th
Omet amemoryd (Nelson & Narens, 1990). Thi
metamemory judgments, as they concern the person judging the acquirement of
information. As mentioned previsly (see Figure-1) my undergraduate project
discovered a small yet significant positive correlation between the number of items
studied in a stop list and the performance within the control lists, suggesting a link
between memory ability and stopping.eféfore, this will also be explored in my thesis,
using a similar analysis to explore whether stopping could be somewhat influenced by
memory capabilities.

This can also relate to the idea of forgetting, that stopping could be governed by a
perceived lossf items whilst studying. Previous research has found that people are often
able to monitor their forgetting (e.g. Halamish, McGillivray & Castel, 2011) as well as
that our JOLs can be sensitive to forgettiAg€l, 2010; Ariel & Dunlosky, 2011;

Koriat, Bjork, Sheffer & Bar, 2004). For example, in Experiment 2 of Koriat et al.

(2004), they gave participants a description of an experiment where the hypothetical
participants studied 60 Hebrew word pairs with the test phase occurring either
immediately, aftea day or after 1 week. The real participants were then asked to predict
recall for the hypothetical participants. They found that predicted recall reflected
knowledge of forgetting, with the real participants predicting a large drop in forgetting in
theimmediate test, with a steady decline thereafter. Thus, participants were able to

accurately predict forgetting and the magnitude of its occurrence, reflecting the much
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earlier research by Ebbinghaus (1885) on the forgetting curve. Whilst list learning,
paticipants may be susceptible to retrospective interference, when the newer items
interfere with the remembering of older items (e.g. Baddeley & Dale, 1966;
Deffenbacher, Carr, & Leu, 1981)nAmportant part of working memory control is the
ability to apnd new items to our memory, whilst reducing the -aweting of previous
items(e.g. Vogel, McCollough & Machizawa, 200%).terms of the current research,
when participants are learning a list of words, it could be that the addition of new words
strainsthe capacity of working memory; the addition of new words requires additional
rehearsal of previous items. Therefore, this could promote stopping to reduce the
potential forgetting of older items. Experiment 1 in the current project will aim to look at
forgetting and whether having a heightened perception of forgetting could influence
stopping behaviour.

Linking into the perception of memory gain and forgetting is the idea that people
are able to monitor their rate of learning. As put forward by Metcalfekarnell (2005),
JOLs (and therefore potentially stopping behaviour) can be influenced by the perception
of rate JROL). This reflects the speefinformation uptake, whereby those who have a
high jJROL tend to continue studying, whereas those with jRiB@asare low or reaching
zero, stop. Moreover, when jROL is high, participants are more likely to be engaged in
the task, with low JROL leading to boredom and therefore making the task aversive for
participants. Thus, it could be that stopping withindheentexperimentss influenced
by rate, that is that as the rate decreases, the worthiness of continuing studying declines
and therefore encourages stopping. This relates to tHerlgh effect referenced earlier,
showing that as the number of wosladied increases, the proportion of items recalled
decreases, but the overall total number recalled increases. Thus, this could lead to the

perceived slowing rate of learning, resulting in participants stopping.
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The core idea behind these ideas (memory ability, forgetting rate and learning
rate) is the principle that stopping relies on a-t@stefit analysis by the learner. It is
important that when monitoring learning, the person weighs up what benefit will come
from continuing studying and whether there are any potential costs or little value to
continuing. For example, within the factor of memory ability, if a person perceives that
they will not learn much more from seeing more words, they are more likelypoTgtis
also applies to the forgetting account, in that if the person feels that they are likely to
forget more items the more they study, they will perceive little value in continuing and
are more likely to stop. Overall, if the pergadges that the te of acquisition is
declining and thus sees little value in continuing, they are more likely to stop.

1.4.3 Motivation

Many studies have found that when regulating their study, people allocate time
towards items based on value rather than monit¢argAriel, Dunlosky & Bailey
2009 Ariel & Dunlosky, 2013;Dunlosky & Ariel, 2011 Lipowski, Ariel, Tauber &
Dunlosky, 2017 Soderstrom & McCabe, 201.1This has been referred to as the Agenda
Based Regulation model (ABR). ABR puts forward that the reward structure of the task
governs what people believe to be efficient study decisions and is also quite important
when considering academic study situagidior example when a student decides what
material to revise according to what is more likely to come up in an exam. To efficiently
allocate time in consideration of rewards, the person would require the development of
an agenda which aims to maximise teeard by allocating more time to items that are
worth more or have a higher likelihood of being tested. Ariel et al. (2009) first posited
this model, when they found that rewards drove item selection more so than item
difficulty. Results from their studfound that when items were more likely to come up in
tests participantsvere more likely to restudy them than to restudy items with a lower

likelihood of appearing, regardless of difficulty level. For example, if the easier or harder
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items were more likg to come up in the test, these were restudied more than those that
were not as likely. As well as this, more time was also allocated to items that had higher
rewards associated to them, and again thi
(2009) conclusions were that the rewards drove item selection more, and thus was the
overriding factor, than the perceived difficulty of the item. This is supported by previous
literature (e.g. Castel, 2008aste] Murayama, Friedman, McGillivray & LinkR013
thathasdemonstrated that value is iamportant factor when constructing agendas for
studying and often overrides other factor such as-iex@l difficulty. In terms of the

current research, with participants not choosing what to study and for how long, it is
important to consider that peepjienerally are motivated by intrinseg.interest, sense

of purpose and reason for studying) and extrinsic factogstfiose with instrumental

gains and incentiveJerasoli, Niklin & Ford, 2014Pinder, 201). In relation to

Mur ayama e )stuady] participanté \Re@e higen the incentive of 10 cents per
word correctly recalled, which did not seem to motivate the continuation of studying.
However, Murayama et al. (2016) assumed that participants were fully incentivised by
this and subsequentiganipulating this was not explored.

A broader perspective when considering motivation as a factor for stopping, is to
look at the motivational state of the participdiiie act of studying can be seen as
unappealing and aversive, due to the effort neéaleitibe effective, for example a
combination of metacognitive and strategic processes (Vrugt & Oort, 2008). In addition,
continued study is time consuming. Relating to the idea that studying is avetbiwe is
6i nf ormati on referredtd eliardvbichasconsistannwvith people often
having the belief that seeing too much information can be haffEbpler & Mengis,

2004). This idea is supported by research that has found that people often decide to avoid
cognitive demand due to its aversive nafleol, Mcguire, Rosen & Botvinick2010)

and thafpeople tend to restrict the inta&kinformation in order to reduce this negative



affect (e.g Soucek & Moser, 2010 his suggests that people are likely to have a pre
determined attitude that they do not enjoy singylue to its demanding nature, which
may | mpact a personds per s e \Refarramqbacktoi n st |
Mur ayama et alundegradudeGstugparticipantd areneffectively being
asked to endure a task that they may findsive (studying word lists) to earn a small
and uncertain benefit, which relied on participants recalling more words. Within
Murayama et al . 0s partRipahtéshorténedrtreit studymngby t7ilme n |
items Although this led to poorgrerformance, they only recalled on average 1.85 fewer
words than in the control condition, which equated to a financial penalty of
approximately 18.5 centRarticipants who were not motivated by the prospect of
earning an additional few cents, or thoseowtreight current experience over potential
future benefit may therefore choose to sfipe potential rewards of studying are in the
future, are uncertain and require the learner to model their studying behaviour according
to what the test will entailheideathat the anyuture reward of studyinguncertainis
a form ofdelay discountingwhich is the depreciation of a reward value the longer it
takes to receive it (Loewenstein, 1988). Many studies have found that this can alter
decisionmaking wherdghe immediate gratification of the outcome is valued more highly
than if it is delayed (e.g. Tesch & Sanfey, 2008). However, this can often lead to
decisions that are less advantageous overall (e.g. Hirsh, Morisano & Peterson, 2008).
Relatingto Murayamae al . ( 2,thé gnpliGasd uscertaiad future monetary
reward may not reflect any value to participants, compared to stopping. Therefore, the
immediate gratification of stopping could outweigh the potentially small reward, leading
to more restrictie decisions being made.

Thus, experiments within the current project aim at combining the motivational
factors of incentives and aversiveness on study behaviour; in particular, they will explore

incentivising participants by using a punishment, to seeheh¢his motivational factor
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can impact stopping behaviour. In particular, Experiment 2 will explore having a
punishment for stopping and whether this influences stopping behaviour, with
Experiments 36 and 9exploring stopping of lists and whether hayedelay between

stopping and test can influence participant stopping decisions.
1.5 Applications

An aspect of the current thesis is to apply the stopping behaviour found in relation
to word lists to text materials. These materials are more applicablestiuaational
context and where | earning from reading 1S
use of metacognition (Flavell, 1979). Maki and Berry (1984) were one of the first to coin
the term Odmetacomprehensi oniOntdtextmaterfale use of
Similarly to judgments made for list items, measures of metacomprehension usually rely
on the participant to rate how well they feel they have learnt the text, with the accuracy
of this varying according to different variables. Foa®ple, compared to difficult and
easy texts, mediurdifficulty texts produced higher metacomprehension accuracy

(Weaver & Bryant, 1995). Weaver and Bryant (1995) suggested that this was due to a

nee

me

process similar to that outlined by theximalLearningthe r y; t hat partici pant

metacomprehension accuracy is higher when the readability of the texts is closer to their

own reading ability. Ma Kk i (1998) replicated

tr

similar readability to the medium textsinWeasen d Br yant 6s (1995) study.

text length has an effect on metacomprehension accuracy has mixed findings (e.g.
Commander & Stanwyck, 199G&lenberg, Wilkinson & Epstein, 1982; Maki, 1998),
however the general consensus is that it depends on whainésttraation itprovides
students in their reading.

The current project will be focusing on stopping when learning new materials,
with these materials including text paragraphs, and so it is important to consider previous

research into the studying of texdnd study time allocation. Some studies do focus on
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this in relation to denser materials such as paragraphs and self¢egchtazzoni &
Cornoldi, 1993Rawson, Dunloskg Thiede 200Q Son & Metcalfe, 2000; Thiede,
Anderson & Therriault, 2003) and piide participants the opportunity to restudy the
materials. These studies tend to find that the allocation of study time for texts follows a
discrepancy reduction mechanism (Mazzoni et al., 1993; Son et al., 2000; Thiede et al.,
2003).

Some gaps do exist this literature, in that they do not incorporate stopping.
Applying this to more irdepth structurednaterials is important; students are often faced
with informatiornrrich materials and thus are required to judge when to stop studying. The
principles dscussed above still apply to text learning. The information (cold) and
experiencebased (hot) cues are still factors to consider, regardless of the material being
studied.

Firstly, preconceived beliefs have an impact on how texts are studied. For
example students often think that restudying is more effective than testing their
knowledge of the texts they have studied (Bjork, Dunlosky & Kornell, 2013). As well as
this, people often believe that massing of texts is more beneficial than spacing (Kornell
& Bjork, 2008; McCabe, 2011). This demonstrates that inaccurate beliefs surrounding
study strategies are universal across material tygewell as this, if a person perceives
they have weaker memory, they are likely to stop earlier the more information they
study.This links back to the concept of metamemory (Nelson & Narens, 1990) whereby
people often selfeflect on their memory abilities and use this to inform study decisions.
Referring back to the findings by Ebbinghaus (1885), memory for material sesraad
decays quickest after first exposure, suggesting that continuing study is optimal
regardless of materials being studied.

The idea of delay discounting (Lowenstein, 1988) is also universal to these

materials. Thus, if a person feels that stoppioigl$tmore value compared to the
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continuation of studying, they are more likely to stop. This idea is supported by research
that suggests that the discounting of delays can lead to ineffective decisions (e.g. Hirsh,
Morisano & Peterson, 2008). Howeverisipossible that when studying texts, the gain

in extra study may be perceived as higher due to the volume of material to be, stedied
well as due to the fact that texts are coherent and structured in mdiicfemay make

them morestraightforward to readlherefore, it may be that discounting any future gain

in recall may be less likely. Experiments 7, 8 and 9 will explore the use of text materials
in the stopping paradigm, looking at whether there is a relationship between memory
ability and stopping and whether having a delay between stopping and test can change

stopping behaviour.
1.6 Current Research

The work in this thesis aims at exploring why people choose to stop input of
novel information to the detriment of their performance.

Chapter 2 will describe experiments that replicate the effect found by Murayama
et al. (2016)utilising the same wortlst paradigm. Studies in this chapter explore a
number of potential reasons for stopping that go beyond a simple maladaptive belief
accaint. In particular they look at whether stopping is influenced by perceived forgetting
of earlier items, by motivational factors and/or by participant beliefs regarding studying.

Chapter 3 also uses a similar wdist paradigm but explores-studying ofthe
word lists. Within this, words will be shown one by one to participants, but once the list
has ended it will loop and show again. Within these experiments, stopping will involve
the termination of the list but also the opportunity tstely the itemsChapter 3 will
involve experiments looking at the stopping of restudy of lists and whether this is
influenced by motivational factors andfmocessing fluency.

Chapter 4 will focus on applying the previous experiments to more applicable

materials: texparagraphs. Within the experiments, participants will have time to study
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multiple texts and will be asked multiptdoice questions after each study phase. Like
Chapter 3, Chapter 4 will include manipulations to the experiments which will aim to
investigae whether stopping isfluencedby motivational factors, as well as seeing
whether memory ability can impact stopping.

Across all chapters, the study phase will involve the participants studying word
stimuli with the aim of maximising their performancehim each test. Stopping will give
the participants the opportunity to terminate their study phase early, and depending on
the experimental manipulation, will lead to an earlier test phase or not. My aim is to see
what can influence participant stopping&ns and ultimately whether this can

improve their performance at test.

2 Chapter Twad Stoppingof Word Lists

2.1 Introduction

As discussed in Chapter drevious research has focused extensively on the
allocation of studyimeto differentitemsonce participants have already seen the items
paced by the experimerih contrastwhen the information is novel and tparticipantis
unaware of what will be psented next, the literature is a little scaMerayama et al.
(2016)reportecthat when people have the opportunity to maximise their learning, they
tend to not study all of the material$iey asked participants to maximise their recall
from a studyist of 50 words, allowing some people to stop studying at any point if they
thought it would improve their final recall. Murayama et al. (2G&6hd thaton
average, participants stopped around 62% of the time Wdddb a loss of recall later on
compaed to those who could not stdgurayama et al. (2016) believed this to be a
metacognitive error, whereby peogk®ppediueto a false belief that stopping would

avoidcognitiveoverload ando improverecall Chapte2 aims to explore this in depth
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using both experimental and nrerperimentamethods. The experimental methods will

aim to explore what factors may influence a pe
they are experiencing the task, whereas theaxperimental method wibea survey

and will investigate potential beliefs about the task which may impact stopping

behaviour.

This chapter will outline experiments that follow two main perspectives: a
cognitive approach and a motivational approach. The former will focus on whether the
addirg of new words, and therefore increasing the likelihood of the forgetting of older
items, will influence stopping. Essentially, participants will have to balance the adding of
new items with the potential loss of older items in memory, which Experimeifit 1 w
look at. In this paradigm, if participants believe that seeing more affects the memory for
previous items, they may decide to stop to reduce this having a negative impact on recall.
This is plausible; previous research mentioned before has foundetie gan monitor
their forgetting (Halamish, McGillivray & Castel, 201d/hich can impact JO&.(e.g.

Ariel & Dunlosky, 2011 Koriat, Bjork, Sheffer & Bar, 2004) and so if participants
perceive they are forgetting items, they may stop.

Another perspectivithat Chapter 2 focuses on is the role of motivational factors,
as outlined by Experiments 2 and 3e$h factorinclude thathe cost of studying
further items could be judged as too costly and aversive to continue, and any potential
future reward may ndie worth the cost. Rather than being a maladaptive decision,
stopping here could actually be seen as adaptive due to the reduction in effort and time
put towards studying. Multiple studies have shown that studying can be governed by
rewards associated \itifferent items (e.g. Ariel, Dunlosky & Bailey, 2009; Dunlosky
& Ariel, 2011) as well as waimg to experience the immediate gratification of their
decision making, rather than wait for a delayed reward (e.g. Tesch & Sanfey, 2008).

Thus, stopping couldeba function of such motivational factors, rather than a
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metacognitive decision. Alternatively, these perspectives could be combined to account
for stopping, even though tiperson maknow continuing will provide some benefit,
because they value tinsaving more than gain in recall.

Previous research has found that beliefs surroursiimty strategies can inform
the decisions made in relation to learning the material Bgagk, Dunlosky & Kornell,
2013;Witherby & Tauber, 2017). Therefore, it is importémat this is also considered
and whether it could influence a persono:
These beliefs could interact with the perspectives discussed above, in that reasons for
stopping may show a metacognitive belief or a watibnal belief. This will be explored
in Experiment 4. Overall, the aim is to see whether stopping can be manipulated and to
understand potential influencing factors and to see why stopping is so common when it

can be maladaptive.

2.2 Experiment 1

Experimentl was a follow up experimetd my undergraduate project as
mentioned in Chapter Which foundsimilar results totbseinMur ayama et al
researchThis experimentised a similar wordist paradigm, where participants were
given four lists of B words to learn, two of which they could stop and two they could
not. If they stopped, they would move straight to the recall phase of that list. It was found
again that when participants could stop, they did so more often than not and to the
detriment oftheir recall (stop recall #.27, control recall = 9.03). Experiment 1 of the
current workwas the first experimemiimedatinvestigaing stopping in terms of
potential metacognitive factors influencing the decision, in particular, the role of
forgettingprevious itemsThis experiment will aim to explore stopping via the first
perspective outlirgtin the introduction to Chapter 2, exploring whetstpping could

be a function of preventing more items beliogt from memory.
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In Experiment lparticipantswere allocated to two groupsne group who saw
only the currentlyto-be-studied item (théide-previousgroup)anda group for whom all
the previously studied items remained in view as well as the cuoetstudied item
(theshowpreviousgroup) Participants in the showrevious condition therefore saw an
accumulating list of words, with each new word being appénd the list at the same
rate as the appearances of words in the-prégious condition.

In both conditions, words appeared on the screen attherate as irmy
undergraduate project. It wagpected that participants in the hjplevious condition
would experience a higher rate of perceived forgetting, as they have to rehearse the
previouslyseen words while encoding new wardaile those in the shopwrevious
group would be able to scan the list on screen to help refresh their mdimasyit was
anticipatedhatparticipants in thehowpreviousconditionwould stoplateras they are
expected to experience less forgetting than the-rideious groupParticipants in each
group were shown stdjsts (lists they could stop at any point from beimgggentedand
control lists(lists they could not stopvith recall in the stop lists predicted to be lower
than recall from the control lists, followingy undergraduate projeahd Murayama et
al. (2016).

2.2.1 Method

Participants. Fifty-six undergraduate gshology studenté49 female, 7 maldyom the
University of Plymouth were recruited. Participants were undergraduate volunteers
participating for course credParticipants were randomly allocated to either the show
previous conditiorfn = Z7) or the hig-previous condition (n = 29Y.his sample size was
chosen to be similar to the betwesibjects sample size used by Murayama et al. (2016)
Materials. The experiment program was created in Java, and rardesktop computer
with a 21.5inch LED monitor, with all words presented in black Arial bold font on a

white backgroundAll instructions given on screen is shown in Appendip@BRotal of
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200 nouns were used, that ranged from four to six letters in length. The words were

geneated via the English Lexicon Project websitat#h://elexicon.wustl.edyBalota et

al., 2007)Words used in Chapters 2 and 3 are in AppendiwaArds were randomly

assigned for each participant to each offthe 50word lists For two of the lists,

participants could stop the words from being presented (stop lists) and the other two they
could not (control lists). The order of list presentation was counterbalanced across
participantsWords were presented time screen using a grlike presentationThe first
wordwas presented in the top left of the screen, with the next word presented underneath
and so orfor 10 words. The next word then appeared at the top of a second column, with
the following word preserd underneath. In the shgwevious condition, all words

remained visible on the screen until the termination of the study phase. In the hide
previous condition, only the single current stitdyn was visible, with each item
disappearing upon presentatiminthe successive iterin total, the words were presented

in five columns, with 10 words in each columtan approximate height of 1cBDuring

the recall phase, participants recorded words by typing them on the computer keyboard.
Figure 21 gives a visal representation of how the list would look at serial position 15

on screen for the sheprevious (left panel) and higeevious (rightpanel) conditions.

tales frog
vicar bauble
meat hobby
hamlet singer
trait liners cynics
organ
flyers
dagger
beater
tubs

Figure 2-1. Screenshots of the wopdesentation style according to condition. Both
screenshots show the word list at position 15 for those in the-gfewous (lefipanel)
and hideprevious (rightpanel) conditions.
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Procedure Participants were randomly allocated to either the spi@vous condition

or the hideprevious conditionUpon arrival, participats read ofscreen instructions
statingt hat participants6é goal was to recall as
subsequent free recall phase for each list. After reading these imstsyg#irticipants

saw four lists of 50 wordslnstructions for the stop lists informed participants that they
could stop the presentation of words at any time by pressing the space kiéys and
would movethemstraight to the recall phase for that list if they.dbrdsin all lists

were shown for 2 s each with a &%nterval between each word. In the sha®vious
condition, a new word was appended to the list every, 2vifs the previous words
remainingon-screen in the same location, as described above. In theiedeus
condition, each word disappeared after 2 secofge the list terminated (either after
50 words, or after a stop decision), the list disappeared from vievpaaticipants had

60 s to recall as many words as they could, by typing them into-acreen box. The

time left to recall the words was shown on the screen via a timélivee the recall

phase for a list was finished, the screen would move onto the instructions for thistnext
The approximate duration of the experiment was 15 minutes.

Statistical Analysis.Bayesian Analysis was conducted using JASP (Jasp Team, 2019)
version 0.9.2, from which the Bfwas calculated using the BayesFactor R package
version 0.9.124.2. Bayesian analysis for the subsequent experiments was also conducted
using JASP and theayesFactor R package version 0.9412. ANOVAswere

conducted for both stopping position and reaaklysis. Assumption checks were run to
ensure these met the assumptbequal varianceTheseANOVAs automatically met

the assumption ddphericiyy due to consistingf only two repeated measures levels.
Levends tests were run on the betweagnoup variableAny necessary corrections are

reported in the results.



2.2.2 Results

Overallstopping ratefor the stop listss presented in Tablke Split into
condition, @rticipants chose to st@#.1% of stop lists in the higarevious condition,
compared to 18.5% dikts in the showprevious conditionThis difference in frequency
of stopping was not statistically significatt,= 431.5Q p = .414, BF10 = 0.326 These
results lend ngupport to the idea that stopping is a consequence of the perception of
forgetting Table9 outlines the mean stopping position, and resultant recall for each list
in Experiment 1Additionally, descriptive statistics are presented in Tdlfléor
stoppingposition and recall split into the counterbalance sequences.

For overallstopping positionlist number did influence stopping positiatere
list two tended to be stopped earfE(1, 54) =5.41, p = .024, partialh? = 091, BF1o=
2.180). As for condition, there was not a significant between groups difference in
stopping positiorfF(1, 54) = 0.90,p =.346 partialh? = .016 BF10= 0.452). The main
effects of list number with conditiomasnot qualified by a significant interactio(f (1,

54) = 1.8, p=.171, partiah? = .034,BFinc = 0615.Leveneds test for |
variance wasignificant and therefore@asviolated for stop listwo (F(1, 54) = 7.11Q p

=.010) To overcome this, Welch Independent Sampletest wasconducted. This

found a norsignificant difference between group$49.514) =1.413,p = 0.164,BF10 =

0.60).

Foroverallrecall, list number did not influence recdf({, 54) = 1.8, p = .222,
partialh? = .027,BF10 = .32). List type(stoplists versus control listsid not influence
recall F(1,54) = 1.8, p=.177, partiah? = .034,BF10 = .33). As for condition, there
was not a significant difference averallrecall F(1,54) = 2.06p =.157, partiah? =
.037,BF10=0.622). The main effect of list number with condition was not qualified by

a significant interaction (1, 54) = 0.24p = .624, partiah? = .004,BFina = 0218 and
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neither was list type with conditiofr(1, 54) = 2.2, p = .143, partiah? = .039 BFinq =
0.504).
Mean stopping position was positively correlated with mean recall from stop lists,

r =.486 N =56, p<.001(see Figure 2).
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Figure 2-2. Scatterplot of the relationship between mean stopping position and stop list
recall in Experiment 1 (y = 2.96 + 0.12 (mean stopping position), adjustedR222)).

Each dot is a mean value, the dots are sized relative to the number of averages of that
particular value. The grey line represents the trend of the relationship between the two
variables.

To investigate whether stopping position was related to memory ability, a
correlation was conducted between mean stopping position and recall from cetsrol li
However, no significant correlation was observed.162 N =56, p=.234

2.2.3 Discussion

Experiment 1 aimed to investigate the function of the metacognitive factor of
perceived forgetting on stopping behaviour, particularly whethemihigd increase the
rate of stoppinglt wasposited thathose in théide-previous condition would
experierce a higher rate of forgetting and thus would have a higher rate of stoything
an earlier stopping positiopmwhich would negatively impact word recall. The first
noteworthy aspect dheseresults is that they replicated the effect found by Murayama et
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al. (2016) anany undergraduate projeethereby lists that were stopped were recalled
less(albeit weakly) and a positive correlation was found between number of words seen
and recalled.

However,no significant difference between tipeesentatiorrondiionswas
found; the evidence actually favoured the null hypoth&i®rall stopping rate was
found to be much lower across both conditjiammpared to previous research
(Murayama et al.o6s 2016 Experiment 1: 62
Expeaiment 4: 67%, my undergraduatidy 64%). The difference in stopping between
groups (Show Previous: 18.5%, Hide Previous: 24 M@ not significantly different but
wasin the direction thalhad beempredicted.This lower stopping rates inconsistent vth
previous results from Murayama et al. (2016) amdundergraduate projesthereby
stopping rate has been found to be much higieedemonstrated aboviehese results
suggest that stopping is less likely due to the metacognitive experience of rgrgedti
earlier items and could be due to the influencamaftherfactor such amotivation The
regression equation from Figure2Zupports this, suggesting that there was only a small
benefit in continuing studyinds well as thisstopping could havbeen reduced simply
due to how the word stimuli were presented on scriegprevious experiments, each
word was presented in the centre of the screen, whereas the current paradigm included
words being presented on screen in a position that was resgedtinar serial position.
This could have created a sense of ease in learning the words due to the added knowledge
of thar respectiveserial position. This added information could have provided a cue for
their learning and reduced tpetential overwhelming nature of the li$he Cue
Utilisation Framework (Koriat, 199°puts forward that certain cues can influence a
per s on 0 s diny@tknsic dues that tefer to the properties of the stimuli, extrinsic
cues which are those concerning the conditions of learning, and mnemonic cues which

indicate to the person how much something has been learned. The serial position of the
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item can le considered an extrinsic cue and has been found to influence JOLs (Castel,

2008),which mayalsobe the case her&he fact that participants knew where they were

in the list and how long they had left could have reduced any metacognitive monitoring

effort. This could have conceived a sense of ease of learning and rehearsal of the words.

Howevera mani pul ation to reduce this was wused in
(2016) study, where the serial position of the words was made available to pagicipant

and this did not influence stopping. Thus, it seems unlikely that this is a plausible factor

in the current experiment.

Even though recall was not significantly higher in the sipogwious condition
compared to the hidprevious condition for both ligypes, numerically the recall for the
showprevious condition was higher across both list types. This is suggestive that having
the previous items remain on screen did somewhat help in recall and that the hide
previous lists could have led to lower redslcause of stopping. Therefore, keeping
words on the screen seemed to help in reducing some forgetting, which could help to
reduce stopping.

Like Murayama et al. (2016) and my undergraduate project, Experiment 1 also
found a significant correlation between stop position and recall, providing further support
for the idea that stopping is maladaptive.

Experiment 1 provided tentative evidencet tin@ rate of forgetting influenced
recall, in that keeping words on screen seemed to help in retaining more information.
However, this did not have an impact on stopping behaviour. Therefore, considering
these two factors together, there seems to be dittidence that the rate of forgetting
influences stopping. However, stopping did still occur, and the results suggest that this

leads to impaired recall.

2.3 Experiment 2
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Experiment Isuggestedhat forgetting rate did not influence stoppangiso
Expermert 2 focused on the broader motivations that drive study decisions, following
the second research perspective as outlined in the introduction for Chapiter&were
two reasons to pursue this line of inquiry. Firstly, prior rese@ah Ariel, Dunlosky&

Bailey, 2009; Lipowski, Ariel, Tauber & Dunlosky, 2017as demonstrategistrong
positivelink between selfegulated study and motivatiosliggesting that when studying

is valued higher, students are more likely to allocate their time towards liefdies
stopping in Murayama et al . 6s (.56chtngly, exp
Murayama et al. did not test this idea experimentally, with motivation assumed to be high
in all conditions. The central hypothesis of the information oversmadunt is that

people stop studying when they believe further information will impair subsequent recall.
This should occur whether people are seeking to maximise financial gain (for good
recall) or to minimise negative outcomes. Experiment 2 introdupediishment

associated with poor recall. All participants initially studied a control list of 50 items and
completed a recall test. This established their individual baseline performantaeleor
subsequent lists they were allowed to stop if they wantei imaximise recall. For the
control condition, there were no additional instructions, but for the aversive condition,
participants were told that their recall performance on each list would be compared to
their baseline performance, and they would Haveomplete additional mathematics
problems for every item recalled below their individual baseline. That is, participants in
the aversive condition were told that they would have to complete an additional aversive
task that would be both effortful and tghen the duration of the study.

If stopping behaviour results from a lack of motivation to perform well on the
recall test, participants in the aversive condition should stop less than those in-the non
aversive condition. Alternatively, if stopping resulrom a belief that it improves recall,

the threat of a punishment for poor performance should not discourage stopping.
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Furthermore, if motivation is an important factor in stopping, it would be expected that
this may lead to more stopping.

2.3.1 Method

Participants. Sixty undergraduate psychology students from the University of Plymouth
were recruited. Participants were undergraduate volunteers participating for course credit.
Sixty-four participants were initially recruited, butthigea r t i ci pant sé6 data wer e
because they reported that they stopped the lists by acaitgoine was excluded due to

an error in recording their recaParticipants were randomly allocated to either the

aversive conditionn= 31) or norraversive(control) condition f = 29). The sample size

was chosen to be compar abl e-subjects Bampleaszga ma et al
Materials. Math questions sheets were created for use in the aversive condition. The
word lists were presented and recall releal in the same manner as in Experiment 1,

except for the instructions and the sequence of stop and control lists (see Aklow).
instructions given on screen is shown in Appendix C.

Procedure.All participants started with a control list, for which th&gre instructed to
maximise their recallThe remaining three lists were stop lists, which they could stop by
pressing the space ba&vhen given the baseline list, participants were not told that the
subsequent lists were stop listsd therefore were ubke todeliberately underperforiio

create a low baior performanceFor the aversive condition, recédr each listwas

compared to the baseline measure from the control list. Participants were instructed that
recalling fewer words than baseline woutgult in an equivalent increase in the number

of maths questions they had to complete in a later test. For example, if they recalled 10
words from thébaselindist and six words from a stop list, four problems would be

added to the maths teBtarticipans were not given feedback on their recall for each list

or how this compared to baseline. In order to maintain motivation to maximise

performance across all lists, participants were told that the number of maths problems to
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be completed would cumulate assahe three study lists, and the maths test would be
completed after the final recall pha3é&ose in the noversive condition received a
baselindist followed by three stop lists, but without any instruction that there would be a
maths test. Other dits were the same as for Experimenéfithe end of the third test,
participants were debriefed and told that they would not have to undertake the maths
problems.

Statistical Analysis.A 2 x 3 Mixed ANOVA was conducted for both stopping position
and recall analysis. Assumption checks were run to ensure these met the assumption of
equal varianceMa u c hl y 6 s Sydneeunan the withinsubedstvariables.

L e v e n ewkere ruh an shbetweengroup variableAny necessary corrections are
reported in the results.

2.3.2 Results

Experiment Anvestigated whether the possibility of an aversive task encourages
participants to see more words, stop less and ultimately have higher recall performance
Overallstop rate split into each list is presented in Tabl&ap lists in the Non
Aversive Condition were stopp&@.1% of the time, whereas stop lists in the Aversive
Condition were stopped 50.5% of the tiribis difference in frequency of stoppimvas
not statistically significant) = 56950, p = .064, BF10 = 0.704. Table11 outlines the
mean stopping position, and resultant recall for each list in Experiment 2.

List numberdid notinfluence stopping position overd(2, 116) = 046, p =
.632,partialh? = .008, BF10 = 0.078, and nor did the threat of a pendl({, 58) = 369, p
= .060, partialh? = .060, BF10 = 1.223 Howeverthese two main effects are qualified by
a significant interactiorf(2, 116) = 3.71, p = .027, partialh? = .080, BFinc = 1.979.This
significantinteraction prompted follow up, whichindicated that there was no effect of

penalty on stopping fdist onet(58) = 0.8, p = .852 BF10 = 0.266, but there was for
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The equivalent analysis on free recall found a significant effdcdtafumber
F(2,116) =4.76 p = .0L0, partialh? = .076, BF10= 3.424 butno effect ofpenalty,F(1,
58) = 251, p=.119, partialh? = .041, BF1o = 0862, and ndnteractionF(2, 116) =
2.89, p = .060, partialh? = .047, BFinc = 0.969

An Independent Sampleddst was conducted to investigate whether there was a
difference in baseline recall between groups. This did not find a significant difference
t(58) =-1.686, p = .097, BF10=0.857

As in Experiment 1stopping positiorcorrelated withrecallwithin the stop lists

across the aversive £ .438, N = 31, p=.014) and noraversive ( =.406, N =29, p=

.029) conditions.
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Figure 2-3. Two scatterplots demonstrating the relationship between stopping position
and stop list recall in Experiment 2 for the aversive condition-geftel) (y = 5.25 +

0.13 (mean stopping position), adjust&E 0.164)) and the no@versive condition
(right-panel) (y = 4.45 + 0.13 (mean stopping position), adjusted ®134)). Each dot

is a mean value for eagderson the dots are sized relative to the number of averages of

that particular value. The greynles represent the trends of the relationship between the
two variables.
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Experiment 2 replicated the overall stopping pattern: a substantial proportion of
participants chose to stop seeing study items when given the opportunity, and this

impaired their fiml recall. The earlier they stopped, the worse their recall.

2.3.3 Discussion
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Experiment Anvestigatel whether incentives in the form of an aversive rmath
task can influence the rate of stoppifmpe aversive task was intended to act as a
deterrent against@pping, whereby participants would want to study for longer in order
to avoid the mathtak. The results from Experimentr@plicated apectof the results
found byMurayama et al. (2016) amdy undergraduate projeat that stopping rate was
similarat61% and a positive correlation was found betwaeanstopping position and
recall. The resultshowed aignificant interaction between condition and stopping
position in thestoplists, which suggest that tiséopping position pattern was different
between the two groups. From subsequent analysis, it was found that thoddan-the
Aversiveconditiondecreased their stopping positisignificantlyin stop list two.From
Table10and the trends seen in Figur@4t can be seen that numerically, the nhon
aversive Condition had lower mean recall than those in the aversive Condition.
Therefore, even though their stopping could have had a detrimental impact on their
recall, this was not taken into accodiuie to tle lack of consequence for stoppiing. no
maths questions)

However, neither an information overload account, nor a motivational account
can fully explain the pattern of stopping across the three lists used in this study. The
information overload accotican explain the pattern seen for list 1; participants stopped
regardless of the presence or absence of a potential punishment for poorer recall.
However, it struggles to explain the pattern thereafter. If participants continued to be firm
in their beliefthat stopping is beneficial for recall, it would predict that both groups
would continue stopping at a similar rate, but they do not. Thus, it could be argued that
after list 1 recall is complete, the participants learn that stopping is disadvantageous, a
so adapt their behaviour accordingly. But once again, this does not explain why the two

groups diverge in response to this.
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A motivational account also struggles to explain the whole pattern, but for
different reasons. If participants are motivated talavoiding punishment in the
aversive condition, then they should have stopped later in list 1, but they did not.
However, they do show this pattern on subsequent lists, perhaps as a result of learning
about the efficacy of stopping. To elaborate, d&arning from list 1 recall, the aversive
group change their behaviour because they care about the outcome, whilst the non
aversive condition continue to stop at a similar rate, presumably because they are not
motivated toward improving their recall eventhe face of clear evidence of the negative
impacts of stoppingds well as this, from the regression equation in FiguPeitZcan be
seen that although extra study does relategber performance, this gain is quite small.
This strongly indicates théte decision to stop is motivated by factors other than
wishing to maximise recall.

As mentioned previously, the issue of immediate gratification applies to the
decision to stop, but in the present experiment, there are two future states to consider.
Thefirst is the future likelihood of recall. However, here there is an additional future
state to considerthe final maths test. It could be argued that the threatened punishment
of a maths test increases in salience through the experiment: it couldtsalesnt for
list 1, and most salient for list 3. Additionally, the feedback made by participants
following each recall attempt may further increase the salience of the punishment. In
particular, participants may not weigh the threat of the maths tgsheavily at all, until

they discover the negative effects of stopping on their recall performance.

2.4 Experiment 3

Experiment 3 was designed to examine a different potential motivation for
stopping as per the second research perspective put forwardimtrtheuction for
Chapter 2In the original study byvlurayamaet al.(2016) the focus was entirely on the

potential negative impact of additional items on the overall ability to recall. However,
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this neglects two crucial aspects of the experimentaltgituahe alternate motivations
of the participants, and the fact that the experiment (and the factor of interest) extends
over time. Put bluntly, participants may not enjoy taking part in psychological
experiments, and may wish to shorten the experiéndhis particular paradigm,
participants are given an escape clause: they can stop the study phase and skip straight to
the test. Thus, in this view, there is an alternative reason why stopping may occur, that
has little to do with optimising recall. Mayama et al. (2016) tried to address this
through financial incentives, but these incentives may not have been sufficient to
overcome some parti ci p distsiostdreduce theirsvisitotmbet o
somewhere else. Realistically, the fical benefit of seeing a full list of words
Murayama et al.d6s (2016) experiment,s was
this would not have surmounted to a significant enough amount to have motivated
participants toziew the full list. The Control group had a mean recall of 8.96, whereas
those in the Stopping group had a mean recall of 7.11, meaning that their gainl in recal
was 1.85 words. Therefore, saving time may have seemed more beneficial than carrying
on studying for such a small gain.

Consequently, in this experiment, for half the lists the link between stopping and
the duration of the study phase early was remdwgtiaving a fixed starting point for
the recall test. For these lists, the test began at the point the end of the list would have
been reached, regardless of when stopping occurred. For the remaining lists, testing
followed immediately after the study pediwas terminated, with no delay. Participants
could still choose to stop a list if they believed it would benefit their final recall. If
stopping is motivated only by the goal of maximising recall, the delay prior to the test
should not alter stopping baiour. In contrast, if stopping is motivated by the wish to
save time, then stopping should occur later in the delayed test condition, because there is

no timesaving to be gained.
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One potential concern with this experiment is that the retention intemeatsot
matched for immediate and delayed test lists. There are three responses to this concern.
The first is to point out that the interval®realso not matched in previous
demonstrations that have compared control and stopped lists, where recatias b
initiated immediately at the end of the study phase. This approach means that the two
forms of list (control vs stopped) are matched only on the retention interval for the final
items, and not for the average retention interval across all items bst.thehis follows
because the earliest items on a stopped list are closer in time to the test than the
equivalent items on a control list.

The second response is that the primary interest within the current experiment is
in stopping itself, more than tldewnstream effects on recalorthe choice of design
for Experiment 2o influence stopping requires that participants hapeeaconceived
model of the effects of a short retention interval on future recall. There is good evidence
against this from stdies of judgements of learning (elpriat, Bjork, Sheffer & Bar,

20049).

The final rebuttal is to point out thafthin the delayed test, there is anfilled
retention interval, during which participants are free to rehearse previously studied items.
Consequently, for stopping decisions to be influenced by the potential difference in
retention intervals, it would require participants to have a clear expectation that short
unfilled intervals impact negatively upon future free recall. Given that it is/kribat
judgements of learning anefluenced relatively little by the retention interval between
study and test even up to a weklbfat, Bjork, Sheffer & Bar, 2004 pr by list lengths
between 10 and 100 items (Tauber & Rhodes, 2010), this seemsywnlikel

To summarise: in this experiment, participants studied four separate lists, with
half of the lists being tested immediately after completion of the study phase (the

immediate test condition), and the other half being tested after a delay equivéhent to



period saved by stopping early (the delayed test conditigarticipants stop to limit

their exposure to new words, stopping position should be the same irrespective of delay.
However, if stopping is motivated by a desire to finish the experinoemtes,

participants should stop later and less often for deltagdthanimmediate tests

2.4.1 Method

Participants. Forty-two undergraduate psychology students (35 female, 7 male) from the
University of Plymouth were recruited. Participants were undergradwtunteers

participating for course credit. Forfgur participants were initially recruited, but two
participantsdé data were wit hdrTlewamplésize m a
was chosen to be c¢ompar amthinesubfeas savhple sizg.a ma
Materials. The task was administered using the same type of computer and monitor as
previous experiments aneas alsqgorogrammed in PsychoPy (version 1.9.1). For all
instructions and words presented on screen, the backgrosnahite, and all words

were in black bold tex#ll instructions given on screen is shown in Appendix¥Dr

delayedests text was presented in white font after participants made the stop action,
rendering the text invisible. For word lists, the text waAtrial font (approx.1.4cm

height on screen). The materials were otherwise identical to those ugeghémiment2.
Procedure. All participants saw four listdwo with stopping leading to a delayed test

and twowith stopping leading to immediate testfiese were presented in an alternating
sequence, and the type of list presented first was random for each participant. Before

each list, participants were presented with instructions stating what kiest af would

be For delayedeststhey were infomed that if they pressed stop, they would be shown a
blank screen for the full length of the rest of the study phase, before being allowed to

begin the test phase. Fotmediate testghey were told that if they stopped at any point

in the list, they wold begin the test phase immediately. During the recall phase for each
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list, participants wrote their responses on paper. Other details of the procedure were the
same as Experime@t

Statistical Analysis.Repeated Measures ANOAvereconducted for bothtgpping

position and recall analysis. &smption checks were run to ensure these met the
assumption of equal v arwasaureaticallymetduatoy 6 s

only having 2 repeated measures variables.

2.4.2 Results

Overall participants stoppebde delayedtest lists27.4% of the time, and stopped
the immediatdest lists 48.8% of the tim@&his is split into list number in Table Bhis
difference in frequency of stopping was statistically significart,26.00,p =.004,BF10
=10.704 Tablel2 provides descriptive statistics fstopping position and recall.
Additionally, descriptive statistics are presented in TaBl®r stopping position and
recall split into the counterbalance sequences.

To explore whether there was a main effedtstftypeon stopping positiona2
(Delay: immediate vs delayed test) x 2 (List order: List 1 vs LIi&{NDVA was
performed Peoplestopped earlier when the test was immediafe, 41) =8.45 p=
.006, partialh? = .171, BF10 = 174. There was no effect of lisumberF(1, 41) =0.06, p
= 816, partialh? = .001, BF10= 0.165, and no interaction betwegelay andist number
,F(1,41) =0.24, p = 631, partialh? = .006, BFinc = 0.258.

The equivalent analys@an recall showed no effect of Delaly(1, 41) =0.07, p=
796, partialh? = .002 BF10=.170Q or listnumber F(1, 41) =0.44 , p = 513, partialh?
= .011, BF10=0.202, and no interactiof(1, 41) = 1.25, p = .270, partialh? = .030,

BFinci = 0.402
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d-Test Mean Recall

Delaye

Independensamples-tests were conducted to see whether the number of words
recalled per list type was different between those who chose to stop and those who did
not. This is true for delayeigst listone ((40)= 3.164,p = .003,BF10= 12.689) and
delayedtest list two(t(40) = 3.131,p = .003,BF10=11.761), and for immediatest list
one ((40)= 3.981,p < .001,BF10= 89.725) and immediatest list two(t(40)= 3.750,p
<.001,BF10=50.422). It was found consistentycross klist types hat the number of
words recalled was lowavhen participants chose to stop, compared to those who did
not.

As for previous experiments, Pearson correlations were calculated to investigate
whether there was a significant relationship betwtbemumber of words seen and
recalled.This was the case for both the delayestlists (r = .488,N = 42,p=.001), and
theimmediatetestlists = .631 N = 42,p <.001).See Figure 2 for these

relationships.
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Figure 2-4. Two scatterplots demonstrating the relationship between stopping position
and stop list recall in Experiment 3 for the delayest list type (lefpanel) (y = 1.09 +
0.21 (mean stopping position), adjes R = 0.219)) and the immediate list type (right
panel) (y = 3.22 + 0.19 (mean stopping position), adjustéd ®382)). Each dot is a
mean value, the dots are sized relative to the number of averages of that particular value.
The grey lines on eachaph represents the trend of relationship between the two
variables.
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The results of Experiment 3 showed that regardless of the fact that the delay
before testing had no impact upon recall, participants stopped more often, and earlier,
when the test followetimmediately. Overall, when there was no time benefit to stopping,
fewer participants stopped.

2.4.3 Discussion

Experiment3 was conducted to explore further the idea that motivational factors
have a significant influence on a personds dec
information, when the goal is to maximise their learnixperiment dused a different
approach to Eperimen 2, utilising a time delaypetween stopping and tezt a method
of motivating participants to view more word$eoverallrate of stopping was lower
(38%) than expected, howevstoppingrate and stopping positionerefound to be
significantlydifferent between the list typeRecall was not found to be significantly
different, but a significant correlation was found between average stopping position and
recall of the words, replicating the effect found by Murayama et al. (2016hwnd
undergradate projectOverall, when there was no time benefit to stopping, fewer
participants stopped. This pattern is entirely consistent with the view that stopping
behaviour is a function of the general motivations of participants, who weigh the costs of
contirued studying (in terms of effort and time) against the value they place on the
potential benefits of additional future recdlb further support this, the regression
equations in Figure-2 suggest relatively small gain in recafbr every extra word sm.

In contrast, a straightforward information overload account struggles to explain
this pattern. It might be argued that participants weigh the costs of the delay, perhaps in
terms of the need to rehearse, or the likely forgetting that will occur imthrsal. This
might be the case, but there is no direct evidence for it. While continuing to study would
indeed reduce the time needed to rehearse, and the likelihood of forgettiogld also

increase the burden of how much needs rehearsing, aaththent that could be
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forgotten. I f participants truly adhered
the point they would normally stop, it is by no means clear why they should continue
studying beyond their capacity.

Experiments 2 and 3 praled more of an explanation as to why stopping is a
common decision to make, which was not explored by Murayama et al. (2016).
Experiment 2 showed that the threat of punishment can reduce stopping, while
Experiment 3 showed that removing the time benefta@bping also reduces stopping.

As mentioned previously, Murayama et al. assumed that participants were fully
incentivised throughout their experiments, however this was only using a small financial
benefit for every word correctly recalled, which mayéaot seemed worthwhile to
participants for their extra time. Experiments 2 and 3 used stronger manipulations of
motivation, which were able to manipulate stopping.

Stopping need not be a consequence of
suggested by Murayama et al. (2016), if participants think that a guaranteed time saving
is valuable enough to risk a small decrease in recall. There is no evidence in any of the
experiments reported so far for a belief that seeing more words will be harmful for recall.

Accordingly,thefinal experiment was designed to test for the presence of this belief.

2.5 Experiment 4

Experimentd used a survey to investigate whether belietsualtudy strategies
govern stopping decisions, whichvedbeen found to affect metacognitive memory
judgments (e.g. Koriat, 1997) and study strategies (e.g. Bjork, Dunlosky & Kornell,
2013).In fact, Bjork et al. (2013) found that students often belibaethey are
employing effective strategies, when in matter of fact, they are not. Thus, it is clear that
students often hold inaccurate beliefs about how is best to learn new material.

In Murayamaetabs (2016) fi nal ex pertswerent , on

asked to hypothetically indicate if they would stop a list of 50 words, where they would
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stop and how many they believed they would recall according to their stopping position.
Their predicted stopping position was 30.4 out of 50, which was as=bgvith a mean
predicted recall of 16.2. This compared to a control group who estimated that they would
recall 14.8 items if they were required to study &t list. Thus, these data are

consistent with the view that participants hold the belief tiexretis no benefit to be

gained from studying more than around 30 items
possi ble advantage of viewing all the words ir
8).

However, a flaw with this argument is that it isqumptive in nature as
participants were not explicitly askadythey would stop. This leaves open the
possibility that participants might choose to stop for many other reasons, as it has been
discussed here. As well as this, Murayama g@ll6)di d not map out partici
predicted recall across multiple lishigths, making it harder to conceptualise the trend of
this and to see where the maximum point for predicted recallr&as the broader
motivational view taken here, it may be that participants would predict a higher level of
recall having studied moreeitns, but nonetheless would still choose to stop for the other
benefits that stopping might bring.

If stopping occurs because participants believe that memory will be impaired by
further study, then people should choose to stop at a point they belieneerfignory is
maximised. Being asked to predict recall for studying beyond this point should therefore
result in a reduction in predicted recall, or at least no increase in predicted recall. In
contrast, if people predict increased recall from study ofiduritems, but nonetheless
indicate that they would stop, this indicates that stopping is not driven by the desire to
maximise recall.

Thus, Experiment 4 aimed to solve these omissions and test these ideas by

running a modified version of Murayamaebat ( 2016) hypothetical me mo

51



modification included a question on reasons for hypothetical stopping, to see if reasons
given fit the information overload account, as well as asking participants to predict their
recall for list lengths other thguast 50. Participants were asked to predict their recall for
lists of 10 different lengths: 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50. If information
overload is a belief held by some patrticipants, then it would be expected to see their
predicted recall shw an inverted U function across this distribution of list lengths (with a
peak in recall equivalent to where their stopping position would be).

2.5.1 Method

Participants. Onehundredandsix undergraduate psychology students (91 female, 14

mal e andnolt o6tpa esfaeewd) from the University
Participants were undergraduate volunteers participating for course credit. A further

eleven responses were excluded because they were either incomplete or from students
who had completed the ggteonnaire previouslyThe sample size was chosen to be
comparable to Murayama et al.b6s (2016) s
Materials and Procedure.The gquestionnaire was hosted onlirggng Survey Monkey
(SurveyMonkey Inc.)Participants were asked to imaginelgpeiné pr esent ed wi |
one by one on a screend with the aim of |
instructions informed participants that the words would be nouns between four and six
letters in length, presented for 2 s at a time. Partitsdaad to predict theimmediate

recall for lists of different lengthence each word within the list is shovior, example:

6l f you saw 5 words on the screen, how m;
Ten such questions were included, askingualists of 5, 10, 15, 20, 25, 30, 35, 40, 45,

and 50 words in that ordeifter this, participants were asked if they would stop when

given the option to and their task was to maximise their recall from a potential list of 50

words. This was followed bg question asking why they would or would not choose to

stop.For those who indicated that they would choose to stop, theyaskeel where in
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the list of 50 they would stop\ll instructions given on screareshown in Appendix E.
Participants completeitie questionnaire on their own computers, recording responses by
typing into onscreen text fields.

Statistical AnalysisA 2 x 10 Mixed ANOVA was conducted faredicted recall

analysis Assumption checks were run to ensure these met the assumption of equal

variance. Anynecessary corrections aegported in the results.

2.5.2 Results

The main interest in this experiment is whether participants who report stopping
would predict a normonotonc relationship between list length and recall. That is,
whether people would expect their total recall to decline if they were asked to study more
items. Out of 106 participants, 63 indicated that they would choose to stop during the
study of a 56word lig, with a mean stopping position of 22. (= 7.99). Figure 5
shows the average overall predicted recall split by whether or not participants indicated

that they would stop.
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Figure 2-5 Predicted recall scores in Experiment 4, broken down by those who indicated
that they would not stop study (n = 43), and those who indicated that they would stop (n

= 63). The errors bars represetite SEof the mean

53



Clearly, the overall pattern is for recall to increase monotonically with list length
up to 50, regardless of stated intention to stop. That is, as a group, those who say they
would stop nonetheless indicate that they believe recall would be higher if thetowere
continue studying.

The predictions made by those who predicted stopping and those who did not
were compared. The correlation-efficient for the each of the trends seen in Figube 2
were compared, however this was not signifi¢ant 1.52,p = .129) To further support
this, Independergamples-tests were conducted to compare predicted recall for each list
length between those who did and did not predict stopping. At each list length, predicted
recall was not significantly different (all list lefggtp >.05, allBF10 < .60).

| then investigated the specific patteaigpredictedecallby each participant, to
look for evidence that they believed recall would be impaired by additional study items.
Only 16 showedan inflection point in their predicted recall, such that they expected
recall to peak with a list length lower than 50. Thairis/ 15% of the samplewhich is
25% of those who said they would stopeported a pattern of recall compatible with the
information overload account. For this minority of participants, they predicted ataall

pealed positionof 23.13 (SD = 7.72) oudf 50, with recall declining steadily thereafter,

as shown in Figure-8.
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Figure 2-6. Predicted recall scores for those who predict a decline in Experiment 4 (n =
16). The errors bars represetiite SEof the mean

This suggests that there are some people who hold the central belief indicated by
information overload theoriy that memory can become overloaddult it is very much
a minority view, even among those who would choose to stopmajaity of those who
said they would stop did so even though they predicted that recall would be higher if they
continued to study more items.

Two researchernsdependentlyoded reasons given participants thasaid they
would stop Two clear themesmerged with a third category used to encompass
responses that were not clear enough to be categorised. Thaiateagreement was
substantialK = 0.77). These ratings were compared, and any disagreements were
discussed and +elassified accordinglyTheresultingcategories were Information
Overload, No Benefit and No Category. Responses were put into the Information
Overload category if there was any suggestion that the participant thought seeing more
words could harm performance. Responses in thBéefit category were those that
stated that seeing more words would not increase @wdlexpressed reasons that were
not inline with seeing value in continuing the liResponses were put into the No
Category group if they did not explain their dagon in terms of the relationship between
list length and recall.

Of those who said they would stdg2% were classified as reportingformation
Overload, 2% asreportingNo Benefit, and 3% gave other miscellaneous justifications
for stopping Themean stopping position for those reporting information overload was
24.36 SD= 7.43), and for those reporting no benefit it was 19333 7.53), which
was not significantly differert{45) = 1.985p = .053,BF10= 1.435. Out of those who
predicted a decline, 11 were categorised

in the oO6no benefitd group.
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| then compared predicted recall across participants reporting the two main
justifications for stoppingAs Figure 27 showsthere is no caespondence betwedme
stated beliefs dinformation Overloadparticipants and their predicted recall, which
increasd in line with list lengthacross all listsin contrast, numericallyasticipants in

theNo Benefitcategory predictetiss benefit to fither study for longer lists.
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Figure 2-7. Line graph showing the predicted recall for participants in Experiment 4 that
were classified in the 06i nflemaftiitobh (odvesH

compared to those who indicated they would not stop study (black solidlleegrrors
bars representhe SEof the mean

Comparisons were made for predicted recall of the different list lengths between

partidpants that did andid not predict stoppingA significant difference was found
between list lengtF(1, 1.56) = 79.54, p <.001, partialh? = .026), buta betweergroups
difference was not foun@F(1, 104) =0.793, p = .375, partialh? = .008, BF10 = .294),

No significant interaction was foun@(1, 1.56) = 2.57, p = .093, partialh? = .024).

In summary, theesults ofExperiment 4orovidelimited evidence that beliefs in
information overload determine stoppir@nly a minority of individuals made the

prediction that recall would be lower if list length increased. When asked if they would
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prefer to stop during study of a-®@rd list, many peoplendicated that they would

indeed stop, and the majority of those individuals said that they would stop because their
memories would be overloaded. However, those same individuals had previously
predicted that recall would increase monotonically as listleimgreased.In fact, they

had predicted higher recall performance for longer lists than a second subgroup of

stoppers, who believed that there would be little benefit to continued studying.

2.5.3 Discussion

Experiment# intended to investigate whether predicted stopping behaviour is
influenced by beliefs regarding whether stopping is effective. The results found a similar
(predicted) stopping rate of 59% when compared to previous studies (e.g. Murayama et
al., 2016. Therefore, participants predicted that they would decide to stop studying the
words prematurely to move onto the recall phase early. Even though the stopping rate
was quite high, this was not reflected in overall predicted recall; predicted recall of the
word lists increased ialinear fashion and thus suggestat overall participants were
not predictingpotential decline in their recall as the list length incread#utat was
intriguing about the results was tlthereasons participants gave for theirgicted
stoppingwere more in line with a belief of information overload (53% of responses).
However, when examining the predicted recall according to reason(geefrigure 2
7), it does not reflect what would be consistent with this belief, which woeila point
afterwhich predicted recall declinels fact, only a small proportion of participants
actually predicted a decline in their recalls well as thismean predicted stopping
position for this group was 24 out of 50 and again when examining their predicted recall,
this actually increases after this point, adding doubt to whether stopping is primarily due
to the belief of information overloadherefore predicted recall does not reflect stopping

behaviour nor reasons given for stopping.
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To provide further doubt to Murayama ettaf016) suggestion that stopping
could be influenced by a sense of information overload, amongst the reasons given for
predided stoppingn Experiment 4vere reasons consistent with the idea that seeing
more would not add any benefit to participant recall. This is in contrast to the idea that
seeing more words could harm recdflit is the cas¢hatwhat wasproposed by
Murayama et al. (2016) is the reason for premature stoppingittivenild notbe
expecedt o find that al most a quarter of restg
something else entirely (24%).

The results from Experimentstiggest thaparticipantgeasons fostoppingare
due toan ineffective belief, supporting prior researely( Bjork, Dunlosky & Kornell,
2013) However, this is not consistent in theacall predictions Specifically, participant
reasons for stopping are in line with avoidinfprmation overload, however when

predicting recall, this is not reflected.

2.6 General Discussion

The aims othe studies reported in Chapter 2 were to determine what causes
people to adopt the maladaptive strategy of stopping a study list, when their putative goal
is to maximise future recall. This effect was originally demonstratédurgyama et al.
(2016) who proposed that stoppingsulted froma maladaptive belief in information
overload participants thought that seeing more words would harm their performance.
Chapter 2 has shown that the phenomenon of stopping during study is fairly ubiquitous,
but alsosuggests that it stems from more than a maladaptive metacognitive belief.

Firstly, the experiments aimed investigate whether stopping is a consistent
behaviour. Across Experimersand 4it wasfound that participants stopped more often
than not, bth within the experimental settir{§xperiment 2and when hypothetically
asked to predict their stoppii§xperiment 4) The stopping rate in Experiment 38¢38)

was not as high as these experimehterefore, stopping wasommonwhen the task
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was to maxnise recall of new informatigmeplicating Murayama et al. (2016).
However, the findings diverge from the predictions of information overload theory in a
number of crucial respects.

Experiment 1 aimed to investigate whether forgetting of earlier items ca
influence stopping by altering the way in which the items were displayed on the screen.
If stopping was believed to be advantageous for recall, then stopping should be
consistently high, yet stopping position was actually later compared to prior expestime
Experiment 2 used the potential punishment of an additional mathemeatics poor
recall. If stopping is seen as beneficial, then stopping should continue, but this was not
seen after an initial performance test: peopled studied longer to avibierfpenalties.
Experiment 3 took a different approach and removed a potential reward for stopping,
namely the time before the final test. Again, if stopping is perceived as beneficial to
memory, this should not alter stopping behavibut,the resultshowed reliably less
stoppingwhen the test was delaydginally, Experiment 4 showed that many people
would choose to stop studying a long list of words, but nonetheless expected to
remember more items if they did study more itelsen though participastexpressed
having a belief consistent with that put forward by Murayama €2@1.6) it
demonstrated that participantsdé predicted recse
supports previous research suggesting that people tend to act in ways tlat are n
consistent with their stated belieBjg¢rk, Dunlosky & Kornell, 2013Kornell, 2009;
Wissman, Rawson & Pyc, 2012). Therefdhe experiments in ChapteisBggesthat
stoppingis driven by a motivational account, rather than a metacognitive account.
What drives stopping?

The act of studying can be seen as unappealing and aversive, due to the effort
needed for it be effective, for example a combination of metacognitive and strategic

processes (Vrugt & Oort, 2008), as well as it generally being goieedonsuming.
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Much research exists showing that learning plateaus after initial study time (Son
& Sethi, 2006), often referred to as an
continuing to study drops, as well as the aversiveness of thevithsicrease
Participantsin Experiment 4oredicted a notinear function of their recallvith increase
slowing adist length increasesuggesting they are aware of thigersiveness
Continuing to stumyamag9 pfbdote(bdebbahok
whereby further study does not produce an increase in recall reflective of this further
effort. Stopping may therefore partially be a result of participants recognising that
studying for longer is not worthwhile. Agell as this, stopping may be influenced by the
participants discounting any future and uncertain small reward of further study. Instead,
they are choosing to stop studying as they know this will immediately reduce cost of
study time and effort. This rekd to the fact that students often behave against their
beliefs; the experience of the task ovieles how they think they will study and the
knowledge that seeing more will still providemebenefit. An example of this was
found by Blasiman, Dunlosky arRawson (2017), where the plan to study material was
not executed. The students created efficient plans of study but failed to follow these
through at the time of studying. The plan (offline cognition) was not executed once
participants were confronted Wwithe items (online cognition) due to the challenge of
doing so.

Within the final experiment, participants expressed a predominant belief that
seeing more words would harm recall, thus predicting that their performance would be
overloaded the more they diad. However, their predicted recall does not reflect this
and so it could be possible that they re:
stopping rather than expressing that they do not value maximising performance. Reasons
for this could be thizthey perceive this as not being socially accepted, due to it being

against the 6normbé of having a high goal
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(Cautinho, 2007t.ocke & Latham, 1990;and where positive study attitudes are
encouraged (e.g. Hussa2006).

In summary, stoppings likely a result of a cogbenefit trade off, which only
partly is rewarded by the experimenter as motivation. Doing so is known ashesiee
decision making, which involves weighing up the cost of the activity sucticasand
discounting rewards (Sidarus, Palminteri & Chambon, 2019) and thus choosing to act in
a way that is perceived as more beneficial in the dbant.

2.6.1 Conclusion

Theexperiments in Chapterexamined the stopping decisions made when people
are pesented with novel information and when the aim is to maximise performance. Prior
research has suggested that the decision to do so is due to an erroneous belief that seeing
more is harmful for performance. Howevéne currentresultscastdoubt on this ad
suggest that stopping is a function of optimising motivation. In the context of education,
students often have to make decisions to optimise their performance and restricting what
they see could be a function of their motivational state. Future expesirsigould aim at
exploring this in depth, as well as applying it to materials that are more applicable to real
world studying, for example, text paragraphs. This will iaithe understanding in why
such a maladaptive decision is frequently made and aloemmendations for optimising

performance.

3 Chapter Thre@& Repeated Lists and Stopping
3.1 Introduction

The aim of Chapter 3 was tlevelop the motivational account of stopping tested
in Chapter 2, by adapting the experimental approach todoe applcableto reatlife

study behaviounn particular, the experiments in Chapter 3 will introduce an element of
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restudying, rather than participants having one chance to study the materials, which is not
applicable to what students usually face. Often, students will have much more time to
studyand often will reread study materials, for example textbooks and lecture slides. The
restudying aspect of the experiments will involve participants studying a list up to four
times, rather than once like prior experiments, but as in Chapter 2, the fdcesnain

on decisions to terminate (re)study when the goal is to maximise performance.

Little research exists on the restudy of comppered word lists. As mentioned
previously, researctends to focusn how a person is able to select what items they
restudy (see Chapter 1 for literature on sttiche allocation), however these studies are
selfpaced and allow participants to control their study time. Murayama et al. (2016)
conducted a study that looked at stopping of comgpaeed word lists, but ihdid not
involve the opportunity to restudy the words. Contrartgreis a wealth of studies that
examine he restudying of materiglparticularly texts rather than word lists, either in
rereading and metacomprehension literaarg. Rawson, Dunldsy & Thiede 200Q
Thiede, Anderso®& Therriault, 2003 and involve participants making judgments of
learning (JOL) assessments of them, as well as deciding how to allocate their study time
to the materials once they have already studied thbese studialso allow
participants to be selective in their restudy, and usually find that participants allocate
their time in particular to harder items, however this research does not tell us about
stopping when restudying is allowed.

As well as the limited resezh into the restudy of computpaced word lists,
there is no research that focuses on the stopping of the restudy of copgugemword
lists. While there is research into mthial learning (e.gKarpicke & Roediger, 2007;
Nelson, Dunlosky, Graf & Na&ns, 1994Tulving, 1966;), these studies do not allow
stopping but involved repeated learning or items presented at a fixed rate. The main

experimental design used in Chapter 3 included fouw@@l lists being repeated up to
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four times, with two lists llowing participants to stop at any point on any list, with the
remaining two lists not allowing stoppinghe test consisted of free recall, which took
place either immediately after participants stopped or once all four repeats were shown.
Thus, he focs of Experiment 5 irChapter 3vasto seewhether having the word lists
repeated alters stopping behaviour. Experiment 6 will use a similar design but will also
include a delay between stopping and test on two of the lists, like Experiment 3 in
Chapter 2Like Chapter 2, the experiments in Chapter 3 will explore whether stopping of
repeated word lists is governed by a metacognitive illusion, motivation, or whether an

alternative mechanism related to processing fluency could also alter stopping behaviour.

Onre potential argument for stopping is that participants have the metacognitive
illusion that stopping is beneficial. Murayama et al. (2016) put forward that it is likely
that participants are unaware of the benefit of seeing all of the words and thigssif th
the case in the current experiments, stopping rate is likely to be consistent across both
Experimens 5 and 6, regardless of additional manipulations. As the current experiments
will include the repetition of word lists, it is plausible that undes #tcount, participants
will firstly feel that seeing more words within a list could be harmful, as well as seeing
more repeats of that word list could be harmful. Seeing more words and repeats of those
words could create a segEgler&Mengisi2004)p r mat i on o0V e
whereby the more information participants see, the more overwhelming it feels. If
stopping is consistent with this account, it is expected that stopping of the word lists
would be relatively early in the number of repeattheflists due to the nature of the list
learning task, for example in the first presentation, regardless of number of repetitions
thereafter. This may be governed by the belief that seeing more repeats would be
overwhelming and thus seeing less would étdp for performance. Overall, under this
account it is predicted that stopping would lead to poorer recall, with stopping correlating

with lower recall.



Another potential account for stoppingntivation whereby the motivational
state of the participd leads to the early termination of word lists. The second
experiment outlined in Chapter 3 aims to firstly see whether stopping of repeated word
lists can be influenced by manipulating the motivational aspect of the experiment.
Motivation has been fountd be a large component of study time allocafeqg. Ariel,
Dunlosky & Bailey, 2009; Lipowski, Ariel, Tauber & Dunlosky, 205Bfd thus it felt
logical to address this within the current chapter. As well as this, the motivations of the
participants may édto maximise their time rather than their performance. As put forward
in multiple studies looking at the function of recall across niridl learning (e.qg.
Ebbinghaus, 1885; Klein, Addis & Kahana, 200hlving, 1964 1966, the gain in
recallis highestafter the first couple of list exposuredter which thdearning of new
items reduces in rate. Therefore, under the motivational account, participants could
perceive that viewing more repetitions is worth less in their time and effort, considering
tha the return in recall is declining, and therefore are more likely to stop. As mentioned
previously, the role of immediate gratification and discounting any future gain (Tesch &
Sanfey, 2008) could be influential in participant stopping behaviour, whérepyalue
moving on to the test early higher than seeing more of the words. If this were to be the
case, this would increase the reliability of there being an effect of motivation on
stopping, due to its consistency across paradigms used in Chaptes2inTthe current
chapter, if stopping was influenced by a motivational account, in Experiment 6 it would
be expected that earlier stopping would occur when the test was immediate, compared to
when the test is delayed. If motivation did not play a rolen th difference in stopping in

Experiment 6 is not expected.

Alternatively, it could be that the opportunity to study the list again could create a
sense of fluency and thus increase stopping rate. For example, having something repeated

can increase procgisg fluency by creating a sense of familiarity with the items
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(Whittlesea, Jacoby & Girard, 1990) which in turn is known to inflate JOLs (e.g. Koriat,
1997; Mueller, Tauber & Dunlosky, 2013). Therefore, having the lists repeated may

i nfl at e peaceivted fluengy afthe kes and therefore encourage stopping, if
they feel they have learnt the item better than they actually have. It is recognised that this
account is only applicable for the further repeats of the list, rather than to accourt for an
potential stopping on the first lishlternatively, the increased sensiefluency could

increase a perceived ease of learnimligich could encourage participantsctmtinue

studying, rather than stophus,from repeating the listg, is possible participants could

either feel a sense of mastery, encouraging them to stop or they could perceive a sense of
ease, which could encourage the continuation of stud@waerall under the fluency

account, stopping tais expected tde consistent across Experiments 5 and 6, regardless
of manipulations on when the test is expected to be. As well as this, if people were to
stop the further repetitions, stopping would be expected to have a negative impact on

word recall

Overall, the aim of these experiments was to see whether the stopping of repeated
word lists is consistent with a metacognitive illusiatnether an alternativeotivational
mechanisms being optimisedyr whether a factor such asocessing fluencgf the
stimuli is influencing stoppinglf motivation or processing fluency are likely accounts,
then this puts further doubt that stopping is due to a belief that seeing more is harmful,
and is actually a function of something else entirely. | also aimadd these
experiments to bridge the experiments in Chapter 2 to a more applied area of studying, to

thenlead on to usingnoretext-heavy materials in Chapter 4.

3.2 Experiment 5

Experiment Sused a listearning paradigm like that in Murayama et al. (2016

and incorporated list repetition to lookretstudy behaviouand stopping Rather than
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studying a single word list and then have a recall test, participants studied a list of 30
words that repeated for a total of 4 times and then had a recallrtdstfost. It was

decided to have a list of 30 words rather than 50 like previous experiments, due to the
nature of these rstudy experiments. Having a longer list of words may cause fatigue

after one presentation and thus would make participantslessed to see repeats. To

have 30 words to learn is still a substantial task, with the possibility of participants
feeling it could be harmful to continue studying, but not long enough to cause aversive
reactions before the opportunity to restudy was iplexiz The repeats of the words

occurred at a list level; once a list had been shown, it would be shown again with the
words in the same order. It was decided to have the lists in the same order, rather than a
random order, for each repeat to reduce themiatl interaction of having random lists

being too hard to monitor. To elaborate, if a word list is shown for the first time, having
the repeats in the same order makes it easier for participants to monitor what repeat they
are on and when a list repeatsHinished. This reduces any extmanitoring effort they

are having to do being a confounding factor, when the aim is to remember as many
words as they can and to decide whether to stop a word list. The words appeared on
screen atthe samerateasprevio ex peri ments and the part.
maximise their recall. In total, participants studied four word lists: for two they could

stop the words and move straight to the test phase, and for the other two they were not
able to stop and subsequentigwed all four repeats. The aim was to investigate whether
the stopping of repeated word lists is consistent with a metacognitive illusion, like that
put forward by Murayama et al. (2016).

3.2.1 Method

Participants. Forty-nine undergraduatesychology student89 female, 10 malefrom
the University of Plymouth were recruited. Participants were undergraduate volunteers

participating for course credit. Fiftyvo participants took part in the study, however two
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sets of data were removed duestoors recording data for two participaatsd onedue

to a participant stopping a lisy mistake This sample sizevas reflective of the

resources availabkg the time of participant recruitment

Materials. The task was administered using the same ¢fypemputer and monitor as
previous experiments and was also programmed in PsydkieRyon 3.1.1)For all
instructions and words presented on screen, the default background settings were used
(the background was grey, and all the words were in whitg &l instructions given

on screen is shown in Appendix Fhe word lists were made of words generated from

the same website as Experiment 1 in Chapter 2. Each list contained 30 words generated
at random for each participant. For word lists, the texs wahrial font (approx. 1.4cm

height on screen). Recall was recorded via recall sheets provided to the participants, one
for each list. Participants were also given a consent form and information sheet at the
beginning of the experiment, and a debriefestad the end.

Procedure All participants saw four word lists: two they could stop (stop lists) and two
they could not (control lists). Each list repeated for a total of four times, unless the lists
were stop lists and participants chose to stop thesvé&ach word within the list was

shown for 2 seconds each with a 0.5 second interval between presentations. The lists
were presented in an alternating sequence, and the type of list presented first was random
for each participant. Before each list, papganits were presented with instructions stating
whether they could stop it or not. For the repeated stop lists, participants were informed
that they could stop the words being presented at any point, which would cut short the
list and subsequent repetitiolmsmove them straight to the test phase. For the repeated
control lists, instructions regarding stopping were omitféten the lists were presented,
there was no other information presented regarding what number repeat was being

shown.Once each list hafthished repeating, or were stopped, participants recorded their
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recall on the recall sheets provided. Once all lists were studied, participants were
debriefed.

Statistical Analysis.Repeated Measures ANOWAvas conducted for both stopping

position and redhanalysis. Assumption checks were run to ensure these met the
assumption of equal variance. Mauchl ybds !

only having 2 repeated measures variables.

3.2.2 Results

Ovenll participants stopped 40.8% of the stop lists, stopping on average at
position 100.39 out of 12&top rate spit into list number is presented in Tabl&lden
average stopping position per participants was split into how many people stop in each of
thelist repeats, it showed that zero participants stopped within the first list presentation, 3
people stopped within the secoddwithin the thirdand 36within the fourth(including
anyone who saw all words possibl&able 14 outlines the mean stoppipgsition, and
resultant recall for each list in Experimenilable15 shows additional descriptive
statistics for stopping position and recall split into the counterbalance sequences.

To explore whether there was a main effedtstftypeon recall, & x 2 ANOVA
was performed, which found that the wittsnbjects factor of lidypewas statistically
significantwith higher recall in control listé~(1, 48) = 23.68 p < .001, partiah? = .330,
BF10=916.873, as was list numbewith higher recall after list tw& (1, 48) =4.42 ,p =
041, partialh? = .084, BF10 = 1.615. Thelist typeby list number interaction was not
significant(F(1, 48) = 1.0Q p = .323 partialh? = .020, BFina = 0.272).

As for previous experiments a Pearson correlation was calculated to investigate
whether there was a significant relationship between the number of words seen on the

stop lists (out of a possible 120 : 30 x 4 repeats) and stop list recall. A significant
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relationship was found between the two varialbles389, N = 49p = .006. See Figure
3-1 for this relationship. From this scatterplot, a pattern can be seen that on average,

participants are stopping nearer the end of the lists, with relatively fewdestopping

mid list. For example, on average participants are stopping more at around positions 60

(end of list 2) and 90 (end of list 3). As well as this, on averagmeatopped on the

first list.
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Figure 3-1. Scatterplot showing the relationship between stopping position and
recall on the stopping lists. A stopping position of 120 reflects seeing all 4 list repeats.
Each dot is a mean value, the dots are sized relative to thbenof averages dlhat
particular value.The grey line on the graph represents the trend of the relationship
between the two variables (y = 4.61 + 0.11 (mean stopping position), adjusted R
0.133).

Similar to the analysis in Experiment 1 in Chapteaio2nvestigate whether

stopping the repeats of word lists is influenced at all by memory ability, a correlation was

conducted to see the relationship between stop list stopping position and control list
recall. A significant relationship was found betwete two variables = .30§ N=49, p
=.031 See Figure 2 for this relationship. Thus, having a poorer memory ability may

have influenced some participants to stop the repetition of the words.
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Figure 3-2. Scatterplot showing the relationship between stopping position on stop lists
and recall on the control lists. A stopping position of 120 reflects seeing all 4 list repeats.
Each dot is a mean value, the dots are sizedivelab the number of averages of that
particular value. The grey line on the graph represents the trend of the relationship
between the two variables (y = 9.54 + 0.08 (mean stopping position), adjusted R

0.076).

The results from Experiment 5 firstly fod similar results t@rior experimentsn
Chapter 2whereby a correlation was found between number of wsaes and recalled.
Experiment 5 found this whilst using a different paradigm to that in the previous word
list experiments, whereby the lists weepeated up to four times. The correlation found
that the longer the participants studied the word lists (i.e. studied each list repeat), the
better their word recall. Yet, similarly to previous experiments, participants still stopped
the lists.

3.2.3 Discussio

Experiment faimed to investigate whethleaving the word lists repeated would
encourage participants to stop and whether doing so would negatively impact on
performance. Within this experiment, a list of 30 words was repeated four times, with
recall tested after the four repeats. Participante \gesmen four 36word lists: two they
could stop and therefore stop it from repeating and two they could not. Stopping was still

apparent when the lists were repeated, and this did have a negative effect on participant
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recall. This was the first experimantadapt the word list experiments in Chapter 2 to
restudying andto bridge the stopping of word lists to restudying.

The results replicated the previous word ¢isperimentsandthosefoundin my
undergraduate studdnd Murayama et al. (2016). Participants still stopped the lists and
performed worse than those who did not, with a significant difference found between
stop list recall and control list recall, and a positive correlation found between stopping
position and recall (see Figure-B). However, like previous experiments, the gain to be
had for recall was quite small for every extra word studied, thus suggesting that
participants may have been stopping to avoid putting extra study effort in for little return
in recall.

An interesting finding from Experiment 5 was that on average, stopping did not
fall within the first list. This suggests that participants were less likely to stop after only
seeing the list once and thus were more likely to stop when the éstsrepeated. It was
predicted that if the participants were stopping because of a metacognitive illusion, then
stopping is likely to occur in the first list regardless of any further repeats. As this was
not found in Experiment 5, it suggests that stogsmnot consistent with this account.
Alternatively, a potential explanation as to why participants stop the repetition of word
lists is that these repeats create a sense of processing fluency. The fact that participants
are not stopping on the first listiggests that the knowledge of further repeats are
influencing stopping, which could be due to perceived fluency. This will be investigated
further in Experiment 6; if similar behaviour is found this will support further the idea
that stopping is due tosense of fluency. As well as this, from Figur&,3t could be
suggested that stopping was somewhat clustered around the end of each list (e.g. 60, 90,
120), suggesting that participants were waiting until the end of the list repeat to stop and
before anew repeat began. This suggdbat participants were monitoring where in the

list they were and made a decision on how many repeats they felt sufficed to benefit
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performance. This decision could be based on motivational factors, whereby participants
aredeciding not to begin more repeats due to the immediate gratification of stopping.
Experiment 6 will aim to further explore the stopping of repeated word lists and
whether it can be manipulated. Due to the apparent role of motivation highlighted in
Experiments 2 and 3, Experiment 6 will aim look at motivation in a similar fashion. The
manipulation used in Experiment 3 seemed to be more effective, and so it is logical to
use the same experimental approach in Experiment 6, as well as to maintain consistency

between experiments.

3.3 Experiment 6

Experiment 6 aimed to investigate whether motivational factors could still be at
play, even when the |ists are repeated.
state had an impact in their stopping in Experintenvhereby they stopped in order to
bring the test forward. As mentioned previously, participants could have valued saving
any extra studying over potential gain in their recall, a form of delay discounting
(Loewenstein, 1988). Therefore, Experimentr@ed at exploring motivation in more
depth. Using a similar paradigm to Experiment 5, participants will study four lists that
will be repeated, however in two lists if they stop there will be a delay before the test,
and in the other two lists, stopping Wigsult in participants moving straight to test. |If
participants stop because they believe that it is an optimal study strategy, then the results
should show consistent stopping behaviour across the list types. However, if they stop
because they are wamg to cut short the lists in order to optimise time and effort over
recall, then the results should show earlier stopping when the test is immediate compared
to it being delayed. Previous research has suggested that across multiple trials (e.g.
Dunlosky & Salthouse, 199@arpicke & Roediger, 2007; Klein, Addis & Kahana,

2005; Nelson, Dunlosky, Graf & Narens, 1994ijving, 1964; 1966), the marginal

benefit of studying across further trials begins to decline roughly after the first couple of
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exposures. Thay participants may perceive this reduction in value once exposed to
further repeats of the word lists and therefore are inclined to stop. If this is the case, this
is predicted to occur when tests are both immediate and delayed, due to participants
beingable to save time and reduce effort for smaller gain. However, when the tests are
delayed, the cost of sitting and doing nothing may be greater than carrying on due to the

potential length of time this will take. In Chapter 2, this was explored but oinly ase

list; the current experiment uses this paradigm but using repeated word lists and therefore

the delay between stopping and tests may be greater. Therefore, if participants value
seeing the word more than stopping and having a potentially long dedayould
expect less stopping when the tests are delayed.

3.3.1 Method

Participants. Seventy undergraduate psychology students (64 female, 6 male) from the
University of Plymouth were recruited. Participants were undergraduate volunteers
participating for carse credit. Severtyeven participants had taken part, however seven

data sets were removed for the following reasons: one due to illness, two due to not

waiting at the delay to recall the words,

mistakenly exitng the experiment, and two due to errors in the programme. This sample
size wageflective of the resources available at the time of testing.

Materials. The task was administered using the same type of computer and monitor as
previous experiments and wds@aprogrammed in PsychoPyefsion 3.1.1)For all
instructions and words presented on screen, the background was white, and all words
were in black bold texiThis was to allow words inthe delayede st | i st s t o
participants pressed the stop kEgrrepeated lists with delayedest, text was

presented in white font after participants made the stop action, rendering the text

invisible. All instructions given on screen is shown in Appen@dix-or word lists, the
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text was in Arial font (approx.1.4cm height on screen). The matereks @therwise

identical to those used f@xperiment.

Procedure Like Experiment 5al participants saw four listhowevetwo had delayed
tests,and twohad immediate test¥hese were presented in an alternating sequence, and
the type of list presendefirst was random for each participant. Before each list,
participants were presented with instructions stating what kitesbft would beFor
delayedeststhey were informed that if thestopped the lists from repeatingey would

be shown a blankcreen for the lengtfaken forthe ranaining repeatsefore being

allowed to begin the test phas@r example, if they pressed stop after repeat two, the
screen would be blank for the duration of the remaining two regeatsnmediate tests

they wee told that if they stopped at any point in the list, they would begin the test phase
immediately. Other details of the procedure were the same as Expesiment

Statistical AnalysisRepeated Measures ANOAvereconducted for both stopping

position and recall analysis. Assumption checks were run to ensure these met the
assumption of equal variance. Mauchl ybds !

only having 2 repeated measures variables.

3.3.2 Results

Overall @rticipants stopped the stoppilgts with delayed tests 17.8% of the
time, and stopping the lists with immediate tests 31.4% of the wimeh was a
significant differenceZ = 77.00, p =.004, BF10= 7.557 Stopping ratdor each list
number is shown in Table $able 16 gives the mean stopping position and recall for
each list typewith additional descriptive statistics providedTiable17 for stopping
position and recall split into the counterbalance sequewdesn aerage stopping
position per participants was split into how many people stop in each of the list repeats, it

showed that within the delayed test list type, zero participants stopped within the first list
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presentation, one participant stopped within tloesd, two on the third and 67 on the
fourth (including those who saw all words possibM)hen the test was immediate, zero
participants stopped within the first list presentation, four participants stopped within the
second, six on the third and 60 on therth (including those who saw all words
possible).

To explore whether there was a main effedisbftype on stopping positiona2 x
2 ANOVA was performed, which found that the witksabjects factor of lidlypewas
statistically significantvith delayedtestlists being stopped lateff(1, 69) = 10.61p =
.002, partiah? = .133,BF10 = 252.785 but list number was nd#(1, 69) = 1.00, p =
.660, partialh? = .003, BF10 = 0.142 Thelist typeby list number interaction was not
significant F(1, 69) = 1.25 p = .267, partialh? = .018, BFina = 0.252

To alsoexplore whether there was a main effediisiftypeonrecall a2 x 2
ANOVA was performed, which found that the witksnbjects factor of lidypewasnot
statistically significantF(1, 69) = 0.49, p = .488, partialh? = .007, BF10=.172 but list
number wasignificantwith recall higher after list twd=(1, 69) =4.72, p = .033 , partial
h? = .064,BF10= 1400 Thelist typeby list number interaction wassonot significant
F(1, 69) =.010 p = .934, partialh? = .000, BFinc = 0.218

Independensamples-tests were conducted to see whether the number of words
recalled per list type was different between those who chose tthsttiptand those
who did not. This was only true for delaytst list two(t(68) = 2.581, p = .012, BF10=
4.199.

As for previous experiments, Pearson correlations were calculated to investigate
whether there was a significant relationship between the number of words seen and
recalled. This was the case for both the delayests(r = 435 N =70, p<.001),and the

immediatetests(r = .350, N = 70, p =.003). See Figure 3 for these relationships.
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Figure 3-3. Two scatterplots demonstrating the relationship between stopping position
and recall inExperiment 6 for the delayddst list type (lefpanel) (y =-2.63 + 0.17
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variables.
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The esults ofExperiment Guggest that stoppirrgpeated word lists driven by
motivation.When the lists are repeated and the tests are delayed, it seems apparent that
participants are encouraged to continue viewing the lists, rather than to stop. When the
tests are not delayed, it seems that participants are more lilsptthe restudying of
the lists and even though a significant effect was not found on recall, a strong correlation
was found between stopping and recall.

3.3.3 Discussion

Experiment 6 was conducted to investigate what role motivation has on the
stopping of repeated word lists. Like previous experiments odtim€hapter 2, the
goal for participants was to maximise their recall. Both stopping rate and stopping
position was significantly different between the list conditions, but recall wagsot.
well as this, a significant correlation was found between stop position and fiadaily
similar results tavlurayama et al. (2016) amay undergraduate studigxperiment 6 also

replicatesExperiment 5finding thatparticipants stopped whigh linked to poorer
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performancebut adding that delaying tests can discourage the stopping of repeated lists.
Specifically, when participants have a choice to stop the words and see a blank screen or
to carry on viewing the words, they are more likely to do dtted.However, like
Experiment 5, little gain was had for every extra word studied, suggesting that stopping
could have been motivated thys, in order to avoid exerting study effort for little return.
Relating back to the accounts put forward in theoohiiction to Chapter 3, like
Experiment 5 participants on average were not stopping within the first list, suggesting
that stopping was not governed by a metacognitive illusion that continuing study is
harmful for recall. If participants thought that seemore was harmful, the studying of
further repetitions would have been restricted much earlier than in list four, which was
shown as the average stopping position for Experiment 6. Another account discussed in
the introduction was a motivational accoumhereby the participants are weighing the
benefit of seeing more of the words, against the time and effort needed to study them. As
previous research suggests (Bgnlosky & Salthouse, 199&arpicke & Roediger,
2007;Klein, Addis & Kahana, 2005y elson,Dunlosky, Graf & Narens, 199Zulving,
1964; 196§, the marginal benefit for seeing more repeats slows down as the number of
repeats increases. The results from Experiment 6 support this account, as when the test
was immediate, participants were morelikto stop compared to when the test was
delayed. Thus, participants may have weighed that seeing more was less beneficial.
However, less stopping when the test was delayed could have also been caused by the
aversive nature of sittinghd viewing a blankscreen. Thus, even though viewing more
repeats of the words may not create a substantial increase in learning, this was valued
more by participants than seeing a blank screen. The third and final potential account for
stopping discussed in the introductimnChapter 3 was the repetitions of word lists was
creating a sense of fluency for the items. Like Experiment 5, it was found that no

participants stopped within the first list presentation, suggesting that knowledge of
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further repeats had an influencesiopping behaviour, which could be due to the
perceived sense of fluency of seeing more repeats. As well as this, it was predicted that if
fluency did have a meaningful influence on stopping, then stopping should have been
similar across lists, regardleishe test was immediate or delayed. This was not found,
as Experiment 6 found that delayexst lists were on average stopped later than the lists
with an immediate test. This combined with the finding of no participants stopping in list
one provides mied evidence towards a fluency account and thersiaggests that an
alternative mechanism is at play, like motivation.

As well as this, according to Figure3here seems to be less stopping around the
ends of each list repeat within the delayest list types, which is most likely a reflection
of fewer participants stopping these list types compared to the immedsithst types.
Like Experiment 5, Figure-3 shows stopping occurring around the ends of the list
repeats (e.g. 60, 90, 120), again sgjug that participants were valuing stopping over
beginning a new repeat of the word list.

This finding is similar to that found from Experiment 3 in Chapter 2, thus
suggesting that the role of motivation on stopping is quite compelling and is ngt likel

influenced by the possibility of further study (i.e. when the list is repeated).

3.4 General Discussion

The currenthapter aimed to investigate what influences the stopping of repeated
word lists. The results from the current chapter provide evidentsttpmping can be
observed when the lists are repeated, and this can have a negative effect on performance
(Experiments 5 and 6). This is consistent with previous findings that use only a single list
of words. Within Chapter 3, the aim was to see whetiog@ping was ausedy a
metacognitive illusion, fluency of the lists and motivational factors, all of which will be
discussed below.

What drives stopping of repeated lists?
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As previously discussed, studying motivated by value seems to be a compelling
factor when guiding our study behaviderg. Ariel, Dunlosky & Bailey, 2009From the
current results, it seems that this is still an important factor when we have the option t
restudy material in a given momeBkiperiment 6 found that when restudying is
followed by a delayed test, people are less likely to stop compared to if the test is
immediate Therefore, it could be that stopping was governed by the immediate
gratification of stopping compared to if they continued studying to gain an uncertain
number of items to their recall. If participants generally thought that stopping was an
effective study strategy, stopping behaviour would be consistent across list types, which
it was not.

Even though motivation is a compelling argument heredaitionalexplanation
for the stopping of repeated listsuld be that participants are stopping becafisiee
effect of item repetition on processing fluency (Whittlesea, Jacoby & Gita80)
Having the |ists repeat could be inflating par
mastery for the items, which then could be making them decide tdtssbpuld be
noted here that the idea of processing fluency influencing stopping bah&nderthe
perspective that stopping is caused by a sense of mastery. An alternative perspective for
fluency is that having items perceived as fluent could increase their perceived ease of
learning, and thus could have encouraged participants gparastudying. As | found
that participants did stop, this suggests that this perspective is less likely and that
perceivedmasteryof items could somewhat encourage stoppihgvasdemonstrated in
Experiments 5 and 6 that repetition does increase réocalieverin some cases lists
were stopped-urthermore, this sense of mastery could be falsely informing them that
they will not benefit from further studi.g. Mueller, Tauber & Dunlosky, 2013yhich

has beemnlemonstratetb notbethe case.
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This combned with the idea of time optimisation could mean that participants are
deciding to stop without fully calculating the consequences for their performance.
Therefore, participants are choosing to stop even though it is maladaptive, which unlike
the previouexperiments, is now further informed by repetition. It would be
understandable for participants to stop the repeating lists as there is a strong possibility
that seeing a list more than once could not be significantly enhancing performance, and
thereforecreating an asymptote to their learniregg( Dunlosky & Salthouse, 1996;
Karpicke & Roediger, 2007; Klein, Addis & Kahana, 208&lson, Dunlosky, Graf &
Narens, 1994Tulving, 1964; 1966for research on the function of learning across
multiple trials) lut this is not the case. As demonstrated across Experiments 5 and 6,
studying for longer and seeing more of the items is positively correlated with el
though this increase is relatively smdlherefore, even when the lists are repeated,
participants are still motivated to stop, without the consideration of their performance.
This gives further evidence to the idea that stopping is more likely to be a function of
time optimisation (i.e. motivation) rather than performance and even if it is indlorme
somewhat by a judgment of performance, this judgement is most probably inflated and
not accurate.

3.4.1 Conclusion

Theexperiments in Chaer 3examined the stopping decisions made when
participants are presented with novel word lists that are repdédiedurrentresults
suggest that stopping is a function of optimising motivatixperiment 6) when seeing
more has a positive relationship with recall. Thus, across experiments participants are
making a decision that is maladaptive to their recall but segyrame deciding to stop in
order to reduce their time and effort in studying, particularly when there is an opportunity
to restudy the items. In relation to rdié¢ studying, it could be that when a student is

studying something for the first time, threpeated restudy is creating a sense of mastery,
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motivating them to quit studying to save time. This in turn could be having a negative
impact on their performance. Further experiments will be outlined in the next chapter

using text stimuli to make thes@dings more applicable to relidfle study situations.

4 Chapter 4 Restudying novel texts

4.1 Introduction

The focus of Chapters 2 and 3 was to explore stopping using distdask,
whereby participants study a word list with the aim of maximising theallrafterwards.

It was found that participants stop more often than not, and this negatively impacts recall.
In addition to this, Chapter 3 also found this to be the case when participants study a
word list more than once and thus have the opportunitgstoidy the items. Chapters 2

and 3 replicate and extend the previous findings from Murayama et al. (2016), suggesting
that the stopping of word lists is likely due to motivational influences, which is the case
whether lists are seen once or if they apeated.

The aim of Chapter 4 is to take elements of previous experiments and combine
with materials that are more applicable to an educational context, such as text paragraphs.
Although much research exists into the allocation of restudy time of texts, including
paragraphs and sentenc@sg. Mazzoni & Cornoldi, 1993Rawson, Dunlosk
Thiede 200Q Son & Metcalfe, 2000; Thiede, Anderson & Therriault, 2003), these
studies do not incorporate stopping. Addressing this gap in understanding is important,
because stuahts are often faced with new informatinch texts that require the person
to engage in monitoring of learning and thus to judge when to stop studying. As
suggested in Murayama et al. (2016) participants may stop studying because of an
information overlad belief, whereby they believe that studying more information could
harm their recall for items they studied. However, Chapter 2 proeideénce that
poseddoubtonthis and suggested that stopping is more likely due to motivational

factors, which wasurther supported by Chapter 3.
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The experiments in Chapter 4 will allow participants to-palfe their study and
thus have more control over their study, which has been found to help performance
(Tullis & Benjamin, 2011), even when the amount of time isa¢ed to those who cannot
self-pace. It is possible that, compared to word lists, denser texts and their more
cognitively demanding nature could still induce a feeling of overload. If this is the case,
participants should stop which therefore could legabtarer performance. In relation to
this, my undergraduate project and Experiment 5 in Chapter 3 found that stopping is
somewhat related to memory ability, with stopping position correlating with control list
recall. Thus, stopping of text materials coblrelated to the memory ability of the
participants. If this is the case, it would be expected that study time within the study
phasewould correlate with performance for texts that participants could not stop.
Alternatively, as highlighted by previous &fters, stopping of texts could also be
governed by motivational components. Previous research has suggested that motivation
plays a role in selfegulated study (e.driel, Dunlosky & Bailey, 2009Dunlosky &

Ariel, 2011 & Lipowski, Ariel, Tauber & Dunlsky, 2017. As well as this, from a

broader perspective, stopping of texts may be a form of delay discounting (e.g. Tesch &
Sanfey, 2008), whereby participants stop due to its immediate gratification and value this
higher than any further gain in perforncan Therefore, if participants are stopping

purely for the immediate gratification of it, it would be expected that participants would
stop at a similar rate as previous experiments, regardless of the effect this may have on
performance.

Alternatively, itmay be that the texts and their integrative nature may entail a
different learning experience for the participants, compared to the learning of word lists.
In contrast to word lists, texts are more structured with sentences linking to the same idea
and alow the participants to make sense of the overall topic being studied. Furthermore,

the wordsused in previous experimerdse unrelatetb each other sthat seeing one
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does not necessarily aid the participant in knowing the other words in the liseforaer

even though the texts may take more effort to understand and thus could motivate
participants to stop, their more structured and coherent nature may encourage participants
to study all of the materials and therefore be less likely to stop. Theffietcunsides of

the argument regarding participant stopping behaviour for texts will be explored in

Chapter 4.

Chapter 4 describes three experiments exploring stopping of text materials, as
well as looking at potential factors that could influence stogppehaviour. Broadly the
experiments involve the studying of four texts within a study phase, with the length of
study chosen by participants. The study phases will be 15 minutes long, unless stopping
is allowed and patrticipants stop. The texts chosethéocurrent experiments were taken
from the 6Physiology of Behaviordé textbook (Ce
human biological processes, including the eye, hearing, smell, the skin, digestion,
muscles, balance, and taste. The aim of usiage was so that they were generally
unfamiliar to participants. Level of familiarity with the topics was not measured,
however the texts were designed so that they were not expected to be known by
participants. It was aimed that having such texts wolldgvane to investigate the
stopping of new informatioThe difficulty of the texts was controlled for, so that overall
the readability scale for each text was relatively consistent betweenTttheraverage
Flesch Kincaid Reading Ease rating for all &segxvith four texts per study phase) was
43.09, ranging from 36.6 to 49.8. The texts were classified as being understandable by
those who were at least-P® years old. The average length of the 8 texts was 369
words. Unlike previous experiments, the catrexperiments will not use a recall test and
instead will use multipkehoice questions to tap into fact recall from the texts. Texts and
test questions used through the experiments in Chapter 4 are ghependcesK and
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Experiment 7 aimed to sefestopping can be replicated when text materials are
used. It also aimed to see whether stopping is related to poorer performance for the
stopping texts, like previous experiments have found. Experiment 8 looked at whether
memory ability can be an influeimg factor for stopping of text stimuli. In particular, |
will see whether stopping of stop texts will correlate with memory performance for texts
that cannot be stopped. This is plausible, due to the density of the texts and the amount of
information paritipants need to remember. Lastly, Experiment 9 will look at the role of
motivation, due to its influence in previous experiments. This will employ a similar

paradigm to Experiments 3 and 6, whereby stopping will incur a delay before the test.

4.2 Experiment 7

Theobjectives for Kperiment7 wereto see whether the basic stopping effect
found within the experiments outlined in Chapters 2 and 3 can also be found in
experiments using text stimuli. The rationale for this was to move towards gengralisin
this effect to realorld study conditions, where people often have to regulate their
studying of informatiordense materials. Conceptually, Experiment 7 is similar to
Murayama et al.o6s (2016) experi mendcan i n
or cannot stop them. In particular, Experiment 7 used a betstdgects design to see if
stopping was a common decision made by participants, to investigate its rate of
occurrence, and its impact on performance compared to those who did notéhave th
option to stop. Participants had arbinute study phase to study four different texts,
which they could divide their time between however they liked. The decision to give
participants 15 minutes of study time was based on the pretesting of the expeaimden
how long it took people to read the texts. On average, all four texts took approximately 5
to 6 minutes to read oncehich meant that having 15 minutes would allow participants

to restudy if they wished. They were split into two groups: thosetkatble to stop the

materials $top conditionand those who cannot (Control condition). Participants were

84



asked to maximise their performance for the test, without knowing the nature of the test
or how many questions they would be given. It was pratiiétem results in previous
experiments, that those in the Stop condition will stop which will have a negative impact
on their learning and thus lower their performance, compared to those in the Control
condition.

42.1 Method

Participants. Eighty-two undergradate psychology students§female,27 male) from

the University of Plymouth were recruited. Participants were undergraduate volunteers
participating for course crediEighty-sevenparticipants were initially recruited;

however five participant®data wee excludedOne participant hagkxperienced an error
with the program, onparticipanthadmistakenly pressdstop earlier thamtended and
threeparticipants had expresstthtthey hadncorrectly interpreted the use of thelf
navigation through theextsand thusaccidentlydid not view all of the textd$-orty-three
participants were randomly allocated to the Control condition and 39 were randomly
allocated to the Stop conditionhis sample size was chosen to be comparable to

Mur ay ama e)betadersubjects athplelsize.

Materials. An information sheet ancdonsent form were given to the participants prior to
their participatiorandtheywere also given a debrief sheet at the end of the experiment.
The task was performed otao mput er wi th a 21.50/54.6cm Phi
monitor with a resolution of 1920x1088ingPsychoPy version 1.90.Eor all

instructions andextspresented oscreenthe background was grey and all words were

in white bold textText instructing participants about the task as well as whether they
could stopstudying the textsr not,depending on what condition they werewrere

shown on the screeAll instructions given on screen is shown in Appendix¥drt each

text paragraplpresented, the text wésnt Arial (approx.1.4cm height on screeim).

total, four paragraphs on human biological processes: the eyes, hearing, the skin, and
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taste, were the study stimu  t ak e hfysom| tolyy @f Behavi our

1942). The test materials were multiple choice questions based on the study materials,
which were given on paper once the study phase was complete. Participants had 26
guestions to answer, dawith four possible answers with only one being correct. These
26 questions were split so that 6 were related to the eyes, 6 were regarding hearing, 8
were regarding taste and 6 were about the skin. Participants were informed to circle
which answer theyhbught was correct for each question. The questions were designed to
test the memory of details contained within the texts, which did not include participants
having to make inferences but rather to remember facts from the texts.

Procedure During the stug phase, participants were instructbdt they were going to

study four texts, one at a time, regarding human biology. They were also informed that
they would have to navigate themselves through the four paragraphs by using the arrow
keys on the keyboartkft to go back to the previous text and right to move onto the next.
Those in the Control conditiomere told they had5 minutes in the study phase, whereas
those in the Stop condition wetad they had 15 minutes to study the texts but were
allowed tostop studying the texts to move onto the test phase early. The test phase
consisted of participants completing as much of a multiptice test as they could tn
minutes with time limit imposed to motivate participants to complete as many as they
could.At the end of the test phase participants wietgriefed Overall,the study and test
phasegook approximately 1220 minutescombined

4.2.2 Results

The main aim of Experiment 7 was to see whether the stopping effect as found by
prior experiments couldeoreplicated using text stimuli. This was found to be the case, as
the majority 71.8%) of participants stopped in the Stop condition. To investigate how
participants were studying the texts, | looked at the number of times each participant

switched betweaetexts. The aim of this was to see whether participants were choosing to
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study each once, or whether they were going between texts and restudying them. On
average, those in the Experimental condition switched 9.21 times (SD = 5.95), compared
to those inthe Control condition, who switched 11.35 times (SD = 6.32). This difference
in switching was not significant(B0) =1.577,p = .119, twetailed,BFi0= .675). Thus,
participants were choosing to restudy the texts, rather than only selecting to study them
once, and then stopping.
BetweernGroups Analysis

The differences in average time allocation pedormances shown inTable18.
Performance here is measured as a percentage of the total number of questions in the test
that were correct. It was decidedtiio calculate this as a number of questions attempted,
due to this having the potential to bias the results. For example, if a participant only
attempted one question in 5 minutes and got it correct, this would then equate to them
getting 100% correct, ich is not truly reflective of their effort at test. Rather, the
percentage was out of the total number of questions, as this is more indicative of their
knowledge at test. In theory, if a participant has a good knowledge of the materials, they
should beable to answer the questions quicker and therefore get through most, if not all
of the questions.

An Independent Samplegdst found that the test performance did not
significantly differ between the group$g0) = 1.224p = .224,BF10= 0.441).
Perfamanceof those who did and did not stop within the Stop Condition was compared,

which found a nossignificant differencet(37) = 1.312p = .197,BF10= 0.648.

Those in the Stop condition also had a positive relationship between study time
andperformance. Figure-4 shows this relationship = .322,N = 39,p = .045, twe

tailed).
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Figure 4-1. Scatterplot of the relationship between study time and performance for those
in the Stop condition in Experiment 7 (y = 26.10 + 1.85 (study time), adjuéted R

0.080). Each dot is a mean value, the dots are sized relative to the number of averages of
that particular value. The grey line represents the trend of the relationship between the
two variables.

The correlation reported withixperiment7 found a replication of the general
effect found in prior experiments, with more study timangeositively related to
performance. The experiment successfully replicated previous results using text stimuli,
which were denser in information and thus aimed at replicatinguedd study
materials. As the experiment successfully found a stoppfagteking these materials
whereby participants stopped more often thaniht#d onto Experiment 8, exploring

whether memory ability at an individual level could impact stopping decisions.

4.2.3 Discussion

Experiment 7 found that texts were stopped matenahan not, with time spent
studying also positively correlag with performance, which is conceptually consistent
with previous experiments in Chapters 2 andil& regression equation from Figurd 4
suggests that performance without any study wap@toximately 26.0%, withone
minute of study gaining an extra 5% in performance. Thus, participants could have

been stopping adaptively due to the small gain in performance from extraAsudgl
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as this, unlike previous experiments, there wasifierence in test performance for

those in the stopping condition compared to the control condition, which suggests that
stopping is not as maladaptive, at least not for text materials. The factor of memory
ability for texts could help to explain the lacka difference in performance in

Experiment 7, suggesting that no matter how long participants continue studying for, this
would not help their memory for the texts. This potential factor is explored in

Experiment 8 to investigate further why stoppingpparent when studying text

material.

4.3 Experiment 8

From Experiment 7, we can see that participants stopped in response to texts that
are more structured in nature in comparison to word lists. Study time had a positive
relationship with performance, howayExperiment 7 did not find a difference at test
between the groups, suggesting that stopping may have been adaptive. Experiment 8
therefore aims to explore this in further detail, to see whether stopping could be
advantageous on an individual level,using a withirsubjects design. In particular,
having participants study texts that can be stopped as well as texts than cannot be stopped
will allow me to see whether there is a relationship between stopping time and
performance on texts that cannot bapged. If a relationship is found, it could be
suggested that participants stop at a point they judge optimal for their memory, thus
stopping will be optimising time and effort into studying. All participants had two study
phases each containing four ®x0ne study phase could be stopped (Stop texts) and the
other could not (Control texts). Doing this will aid in investigating whether study time
for Stop texts is related to the participant 0s
performance for Condt texts.

Within Experiment 8, participants studied four texts within a study phase and

then had a multiplkehoice test afterwards. In total, participants had two study phases and
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thus two test phases. It is expected, like prior experiments, that Stepvtkbe stopped
more often than not and this will have a negative relationship with performance.

4.3.1 Method

Participants. Seventyundergraduate psychology saids (57 female, 13 male) from the
University of Plymouth were recruited. Participants were undergraduate volunteers
participating for course credfbeventythree participants were initially recruited,
however three were removed from the data analysiscdoee expressing théyad
stopped by accident, one because of a computer error and one because of a substantial
overrun within their test phases.
Materials. The experiment task was performed on the same model of computer as
Experiment 7 and using Psydby (version 1.9.1)or all instructions and words
presented on screen, the background was white, and all words were in black bold text.
All instructions given on screen is shown in AppendRdrticipants were given a total
of eight text paragraphs tausly, with four in each study phase. Four of these texts were
identical to tloseused in Experiment, with the addition of four more from the
OPhysiology of Behavibalanbe, theenxdcleéspdmgéstion amth i ¢ h
smell. The eight texts werepit randomly into the two study phases, with each study
phase being counterbalanced as to which wbelgresented first

All instructions were presented on screen and study phases that could be stopped
also includednstructions stating thatarticipantscould stopat any point they wished
All other paper materials were consistent with Experiment 7, other than the questions
being asked on screen rather than on pajger number of questions after each study
phase was either 27 or 28, depending on wipatsovere studiedA question was
removed from Experiment 706s set of quest.
additional texts. To elaborate, the question asked participants to identify what a particular

structure was wi t lenhthis cduld be canfused witle sddifferentx t h
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structure described in the 6digestiondé text. T
The questions were split so that the eyes, ears, skin, balance, digestion, muscles and

smell were asked about 7 times eawith taste being asked about 6 timd@® answer a

question, participants needed to press the corresponding number key to their answer. For
example, if they thought the answer was number

number 0206 o0on ahapswd was mpuised, the nex? questéion was

presented roughly 1.5 seconds later.

Procedure.Participants were presented with instructions onscreen regarding what study
phase they were beginning witParticipants had two ifminute study phases with a
multiple-choice test after each, with questions regarding the four texts they had just
studied Participants did not have a time limit in the test pltaseto only 22 out of 82
participants completing all questions in the previous experiment. Thus, te rebdkic

confound in analysis and to ensure all participants saw all questions, Experiments 8 and 9
did not have a limit at test. At the end of the experiment participaeTes given a

debrief. Overall, the experiment took roughly 45 minutes.

4.3.2 Results

Experiment 8 aimed to investigate whether stopping occurs using a-within
subjects design and to see whether it has a negative impact on performance. Overall,
participants stopped the stop texts 70% of the time. Like Experiment 7, | investigated
how particpants were studying the texts and whether they were deciding to study the
texts once or if they were likely to switch between them and therefore restudy the
materials. On average, the stop texts were switched 9.73 times (SD = 5.71), whereas the
control texts were switched 14.00 times (SD = 6.71). This difference was significant
t(69)=-4.024 p < .001, two-tailed BF1o= 147.983, however this is likely due to the
control textson averagdeing seen for longer and thus giving more opportunity to be

switched
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Performance was significantly different between the Stop and Contro(ti@e}s
=-2.230, p =.029, two-tailed BF10= 1.330, although the Bayes Factor indicates that the
effect size was indeterminatén independent samplédest found that the flerence in
performance between those who chose to stop the stopping texts and those who did not
was not significantly different(©68) = 1.014,p = .314 two-tailed BFi0=.407). See
Table19 for these valuedn addition to this, descriptive statistics are presented in Table
20for study time and performance split into the counterbalance sequences.

A correlation was conducted to see dy time in the stop texts was positively

correlated with performance £ .282,N = 70,p = .018).SeeFigure4-2 for this.
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Figure 4-2. Scatterplot of the relationship between study time and performance for the
stop texts in Experiment 8 (y = 34.42 + 1.48 (sttiohe), adjusted R= 0.066). Each dot

is a mean value, the dots are sized relative to the number of averages of that particular
value. The grey line represents the trend of the relationship between the two variables.

The equivalent correlation between stopping and control MCQ acccaadye
seenn Figure4-3. This correlation was significant= .254, N =70, p = .034. Thus, there
seems to be some evidence that stopping was decided based on memory ability and thus

could be due to a perceived decrease in value for continued study.
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Figure 4-3. Scatterplot of the relationship between study time for the stop texts and
performance for the control texts lExperiment 8 (y = 40.72 + 1.26 (stop texts study
time), adjusted R= 0.051). Each dot is a mean value, the dots are sized relative to the
number of averages of that particular value. The grey line represents the trend of the
relationship between the twanables.

4.3.3 Discussion

Experiment 8 used a withisubjects design with the main aim of exploring
whether stopping of texts can be an adaptive memory strategy. As expected, participants
stopped more often than not (70%) and participant performance foa&iopontrol
texts was significantly different. As well as this, study time of the texts was positively
correlated with performance, thus suggesting that the more time spent studying the texts,
the better memory performance for the texts. However, likeeixent 7, the regression
equation from Figure-2 suggests little gain in extra study48% per minute),
suggesting that stopping may have also been adaptive in Experiment 8. Furthermore,
those who stopped saved on average 3.79 minutes, which equatédd®ase of 3286
in performance. Thus, participants could be stopping to optimise their time and effort
rather than their performance. As suggested in Experiments 2 and 3 in Chapter 2 and

Experiment 6 in Chapter 3, motivation seems to have a compellmgn stopping, at
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least for word lists. The results from these previous experiments were consistent with the
idea that participants were optimising the immediate gratification of stopping, over any
potential small gain that continuing studying may haweheir performance. Thus,
Experiment 9 aimed at exploring motivations and the role this has in relation to studying

text materials.

4.4 Experiment 9

The results fronExperiments/ and8 provided evidence that stopping of texts is
consistent with the stoppiraf the restudy of word lists, where participants stop studying
texts more often than not which is related to poorer performance. However, as suggested
by the regression equations in Experiment 7 and 8, gain in extra study may have been
small and thus encwaged participants to stop. Experiment 9 will look at whether
including a delay between stopping and test influences stopping, similarly, to
Experiments 3 and 6. A withisubjects design was used for Experiment 9, meaning that
all participants experiencede two study phases;delayedtest study phase and an
immediatetest study phase. It was expected that when stopping does not incur a delay,
stopping rate will be higher with an earlieogpingtime compared to when stopping
does incur a delay. Thus, having a delay is expected to motivate participants to study for
longer and therefore perform better at test.

4.4.1 Method

Participants. Forty undergraduate psychology studer28 female, 12 maldjom the

University of Plymouth were recruited. Participants were undergraduate volunteers
participating for course crediorty-two participants were initially recruitetioweve a
participant's data we excluded due to mistakenly pressing stop earlier tesired and
another partici pant dnssundieastanadingvad isstruetiortskeu d e d
Experiment 8a within-subjects design was used that all participants experienced the

same conditions.
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Materials. Theexperimentask was performed ondtsame model of computer as
Experiment7 using PsychoPy (version 1.9.1). For all instructions and words presented
on screen, the background was white, and all words were in black boldltext.

instructions given on screen is shown in AppendRalticipants were given a total of

eight text paragraphs to studgentical to Experiment 8yith four in each study phase.

The eight texts were split randomly into the two study phases, with each study phase
being counterbalanced as to which would incur the dstaywhich would not.
Participantsvere informed which study phase would incur a delay if they pressed stop
and if they did press stop, the screen would go blank. All other materials were consistent
with Experimen.

Procedure.Participants were presedtaith instructions onscreen regarding what study
phase they were beginning witfhe instructions were presented so that they were shown
immediately before each task, rather than informing the participants of both conditions
beforethe study was startetf.the participantdad a study phase where stopping the

texts would lead to a delay before the tdsy were informed that if they pressed stop
when studying the texts, the screen would go blank and they would have a delay as long
as the rest of the #minute study phase, before they were allowethdveonto the test

phase. If theests were immediat¢hey were told that if they stopped at any point in the
texts, the screen would go straight to the test pl#dksether elements of the procedure

were he same as Experiment 8.

4.4.2 Results

Experiment9 aimed to explore whether having a delay between stopping and test
motivates people to view more of the study material, compared to if they could stop and
go straight to the tesDverall delayedtest texts were stopped 37.5% of the time and
immediatetest texts stopped 60% of the tiniéis difference infrequency of stopping

wasstatistically significantZ = 14.0Q p = .014, BF10= 3.86Q Data concerning number
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of switches between texts was not collected for ExperimeFatfle21 givesdegriptive

statisticsfor study time and performance in ExperimentrBaddition to this, descriptive

statistics are presented in TaB&for study time and performance split into the

counterbalance sequences.

Total study time waslongerfor delayedtest text{t(39) = 3.542,p = .001,two-

tailed,BF10 = 29.323. Performancdor the immediate andelayedtest textsvas

equivalent(t(39) = -0.333 p = .741, two-tailed, BF10= 0.180).

Like previous experiments, | investigated whether the time spent on the texts was

related to participant performance on the test afterw@eksFigurel-4). This was the

case for both delayest textsi(=.332,N = 40,p = .036) and immediattest texs ( =

.554,N = 40,p <.001). The left and right panel in Figutel shows thisproviding

evidence that the restriction of study time relates to poorer performance later on.
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Figure 4-4. Two scatterplots@monstrating the relationship between study time and
performance in Experiment 9 for the delayest text type (lefbanel) (y = 26.32 + 2.46
(mean delay study time), adjustet=0.087) and the immediatest text type (right

panel) (y = 27.08 + 2.85 (gan immediate study time), adjusteéd=R).289). Each dot is
a mean value, the dots are sized relative to the number of averages of that particular

value. The grey lines on each graph represents the trends of the relationship between the

two variables.
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Overall, Experiment 9 found that delaying the test once people stop studying text

paragraphs does have a significant effect on both stopping rateudgtirse. In

96




particular, if a text incurs a delay after it is stopped, participants were less lilsthpto
as well as spend more time studying the texts.

4.4.3 Discussion

The aim of Experiment 9 was to see if stopping could be influenced by factors
that may influence participant motivation to continue studying. Participants studied eight
different texts acrossvo study phases and could stop in both. However, in one study
phase stopping would incur a delay and in the other stopping would lead straight to the
test phase. It was expected, like previous experiments that used a similar manipulation
thatincurringad el ay woul d reduce participantsd moti va
lead to longer study times. Experiments 3 and 6 found this in relation to word lists, with
Experiment 6 also finding this to be the case even if the word lists were repeated.
Experimant 9 found this also when the study stimuli texts. As well as this, a positive
correlation was found between study time and performance. However, and quite
interestingly, there was little difference found in benefit from extra study depending on if
the tes was delayed or immediate 48% vs. 2.&%). Thus, like Experiments 7 and 8,
extra study time reaped little benefit on performance which may have encouraged
participants to stop. Therefore, even though increase in study time was related to higher
performance, this increase in performance may have been seen as not worth the extra

study, leading to stopping.
4.5 General Discussion

The main aims for the experiments in Chapter Faenefirstly to see whether
stopping could be found in response to text materalser than word lists with the aim
of applying this to realife study contexts. Thus, the experiments included the studying
of biology-related texts which participants could restudy as many times as they wanted
within 15 minutes. These experiments anéke those that have previously looked at the

restudy of texts because participants could also stop at any point.
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The results from Experimentwere similar to thadf previous results, that
participants do stop studying prematurely and this has a negapact on performance.
Experiment 8 used a withisubjects design to see whether stopping could be related to
the memory ability of the participants. The correlation analysis found a significant
relationship between the variables, however an overattledion between study time
and performance (Figure2) suggested that stopping is related to poorer performance.
Experiment 9 explored stopping from a motivation point of view, to see if the stopping of
texts is influenced by this similarly to word ligExperiments 3 and 6). The results
indicated that stopping texts is consistent with a motivational account because removing
the timesaving associated with stopping reduced itgas
What drives stopping of text materials?

Murayama et al. (2016) arguétht stopping was due to a belief in information
overload the belief that seeing more information would harm recall. As pointed out in
the introduction to this chapter, it could be that the demanding nature of the texts could
stimulate a feeling of overdm simply because there is more information to remember.
However, al so ment i on e &thatthe natiresof thehleatp t er & s
compared to word lists may actually be less informationally demanding in the sense that
they are structured momwherently, with the sentences within the same text linking
together. Therefore, it is less likely that participants are stopping because they feel
overloaded. If cognitive demand was affecting stopping, | would have expected to see a
lower stopping rateotreflect the participants finding the texts easier to process and
study. Due to stopping rate being consistently high across Experiments 7, 8 and in one
condition in Experiment 9, it is likely that participa@atre stopping for a different reason.

Alternatively, participants could be optimising something else other than their
performance, such as their motivational states. As explained previously, motivation in

self-regulated learning has a compelling role, particularly in deciding how much time to
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allocate to study materials (e.g. Ariel, Dunlosky & Bailey, 2009). Within Experiment 9,
motivation was manipulated through the cost of stopping in some texts. In one study
phaseif a participant stopped, they would move immediately to the test pHasever,

in the other study phase stopping would lead to a time delay before the test phase. As
expected, this did have an influence on stopping and seemed to discourage participants
from stopping. If participants really did believe that seeing more would harm thei
performance, | would have expected them to have stopped at a similar rate, regardless of
the delay after stopping. The fact that having an immediate test led to more stopping
suggests that stopping was due to the desire to save time and effort stsulygegting

they were discounting the value of further study and instead were valuing effort
reduction.

This research addresses a gap in previous research into study time of texts, by
including an element of stopping which has not been explored fullyehefmtead,
previous research suggests that study time of texts foll@scaepancyReduction
model (e.g. Son & Metcalfe, 200@xploring stopping ofext materials seemed
important due to its applications to rdi# studying contexts. For example, students
often are provided with study information that requires them to study it enough to get
some sort of memory gain, whether this is for an exanddfexent test. The main point
here is that students have to study in a way that maximises their learning of texts,
especially at higher levels. This includes them deciding when they have studied
something for long enough to stop. It could be that thegtadying until they cannot
remember anymore, but this is unlikely. Instead, what seems more compelling is that
external factors that influence their internal motivation e any further study,
regardless of the effect this could have on their legrr$tudents may start
reading/studying texts with the aim of learning as much as they can in a short time.

However, as study time increases, the aversive nature of reading texts could increase and
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thus increase stoppings well as this, it may be that aeytra gain in study does not

seem worthwhile. This is supported by the experiments within the current chapter, due to
finding that gain in studying was relatively small per extra minute spent on the materials.
To elaborateExperiment 7 found that an eatminute in studying would gain 5% in
performance, Experiment 8 found tleeteminute would gain #8% and Experiment 9

found that if the test was delayasheminute led to a 26% increase, and when tests

were immediate an extra minute in study lednancrease in 256. Therefore, stopping

can be seen as the optimal decision at that time, due to it leading to a reduction in effort
and saving time that may be seen as more valuable allocated to an alternative task. This
links to the idea that particymts are stopping to avoiddaborin vainbeffect, as found

by Nelson and Leonesio (1988hat the restudy of materials only leads to a small

increase in performance, which is not propowi@to the extra time spent. Thus, it could

be that participastmay have been stopping adaptively, rather than maladaptively.

As touched upon previously, the texts used within the current chapter were
designed to be relative to texts students may study from a textbook, which are generally
structured and coherentiature. Thus, a future experiment could explore whether
manipulating the coherence of the texts influences stopping behaviour. Those that did not
stop the texts could have decidedFarot to
examplethetextswere easy to follow, thus reducing flow of the texts could increase
stopping. Doing this would help fartherunderstand the nature of stopping of texts, and
whether creating texts with less coherence would increase cognitive demand and
therefore increaseapping.

45.1 Conclusion

The current body of experiments examined the stopping decisions made when
participants are tasked with comprehending longer sections of Teesurrentesults

suggest that stopping is a function of optimising motivatespecially that the
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immediate gratification of stopping is valued higher than continuing studying that leads
to a small gain in performance. Thus, even though it could be seen tlahgtaas
maladaptive due to the loss of performance gain, the gain of which was so small that it
could actually be seen as adaptive. In relation telifeattudying, students often have to
study more informatiomense materials, for example textbooks] aray decide that
stopping is more optimal than continuing studying. Put bluntly, reading texts can be
perceived as tedious and boring; terminating study would be an immediate stop to this

and could be valued more greatly by the student.

5 Chapter 5Geneal Discussion

5.1 Introduction

The experiments in this thesis aimed to explore stopping behaviour in depth,
looking at why people terminagtudy when seeing the information for the first time, as
well as terminating the restudy of novel informati®he reasn for this was due to
stopping being found to be detrimental for performance in previous research (e.g.
Murayama et al., 2016) with little explanation as to why people stop.

Chapter 1 described previous research into the allocation of study time, such as
theDiscrepancyReduction model@unlosky & Hertzog, 1997and theProximal
Learning theory (Metcalfe & Kornell, 2005), which focus on the allocation of study time
between items and where participants can usuallypsek the items. More recent
researchnto study time allocation outlined in Chapter 1 focuses on the allocation of
study time in ongoing studying, where items are unknown and therefore novel to
participants (e.g. Murayama et,&016). Within this research, participants are given a

list of words to learn, one word at a time, with the aim of recalling as many words as
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possible. In one group, however, they could stop the words at any point, and move
straight to the test phase early. Murayama et al. (2016) found that those in the stopping
grouphad poorer recall than those in the control group. As well as this, the number of
words seen was positively correlated with recall. However, this research did not fully
address why people stop even though it is detrimental to recall. Therefore, the current
research aimed at looking at why people decide to stop when it is maladaptive and to see
whether this extends to other study materials.

Chapter 1 also outlines several possible explanations for why people decide to
stop prematurely. These include theerof beliefs, memory and forgetting processes, and
motivational factors that may impact what study strategies are used by students. Previous
research has found that such factors can impact regulated le&mirgxamplepeople
often employ metamemory miboring (Nelson & Narens, 1990) in order to monitor their
memory gain and loss. As well as tHrgetting has been found to influence our
judgments of learningAtiel, 2010; Ariel & Dunlosky, 2011Koriat, Bjork, Sheffer &

Bar, 2004).Time allocation haalsobeen found to be influenced by motivational factors
such as valuée.g.Ariel & Dunlosky, 2011 Ariel & Dunlosky, 2013 Ariel, Dunlosky &
Bailey, 2009;Lipowski, Ariel, Tauber & Dunlosky, 201 Boderstrom & McCabe, 2011
Research into the motivational account of delayed discounting (e.g. Tesch & Sanfey,
2008) suggests that the immediate gratification of stopping maglibed more than
continuing study, considering its uncertain benefit on performamastly, many studies
have found that beliefs have influenced the implementation of poorer study strategies
(e.g. spaced vs. massed practice, Kornell & Bjork, 2008; retrpractice, Roediger &
Karpicke, 2006; the effect of delays, Koriat, Bjork, Sheffer & Bar, 2@04 processing
fluency, Rhodes & Castel, 2008)he main aim of the current experiments was to
explore whether these factors can influence stopping decistoes learning novel

information.
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5.1.1 Summary of results

Chapter 2 explored the conditions under which participants stop the presentation
of new words. Experiment 1 looked at the role of perceived forgetting on stopping,
particularly whether having previousghown words kept otine screen reduces
forgetting and therefore reduces stopping. This experiment did not find a difference in
stopping between those who had previous words shown (18.5%) or previous words
hidden (24.1%), suggesting that this not likelyrtibluence stopping. Experiments 2 and
3 found results consistent with a motivational account; creating a punishment for poorer
recall (stopping rate: Aversive 50.5%, N@mersive 70.1%) and having a delay between
stopping and test (stopping rate: Delayest £7.4%, Immediate test 48.8%) created
numericaldifferences in stoppingvith stopping ratesignificantly differentbetween
conditionsin Experiment3. Particularly, stopping was reduced under these conditions,
and number of words seen was related talteln Experiment 4, beliefs of participants
were tested using a hypothetical experiment, which found that beliefs were consistent
with those found by Murayama et al. (2016); participants expressed that seeing more
would be harmful for recall, with 63 dof 106 participants predicting they would stop.
However, when asked to predict their recall for varying list lengths, their predicted recall
did not reflect this belief, suggesting a disconnection between what they think is effective
and their predictios.

In Chapter 3, a similar paradigm to Chapter 2 was used, however the word lists
were repeated four times. Often, students have to restudy materials rather than just once,
thus repetition was incorporated to introduce an element of restudying to raake th
experiments more applicable to rdié study behaviour. Experiment 5 found that
participants still decided to stop (40.8%), even when the lists were repeated, and this was
detrimental to recall. As well as this, a small link was found between stoppsitgpn

and memory ability, as shown by recall for lists that could not be stopped. Experiment 6
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found similar findings to thsein Experiment 3, whereby having a delay before the test
phase discouraged stopping of repeated word lists (stopping ratge®&tst 17.8%,
Immediate test 31.4%). As well as this, both Experiments 5 and 6 found a correlation
between number of words seen, and therefore number of repeats, and number of words
recalled.

Chapter 4 used a stopping paradigm in relation to studyxigéeagraphs, rather
than word lists. Similar to Chapter 3, this was to make the experiments more applicable
to reallife study behaviour, as students often have to study large asaiuakt
material, for example within a textbook. Experiment 7 useetwdensubjects design,
where one group of participants could stop studying and another group could not. The
results found those in the stopping group stopped often (71%), which was related to
poorer recall of information. Specifically, study time withire tstop condition was
positively related to performance= .322). Experiment 8 expanded on this, and utilised
a withinsubjects design, also finding a high stopping rate (70%) for the stop lists and
alsofound a positive correlation betweparformanceand stdytime for the stop textgér
=.282), as well as a small link with performance on control textsZ54).Experiment
9 also found a link with motivational factors, with delay between stoppingeand t
discouraging stopping, compared to when participants could move straight to the test
phase (stopping rate: Delayed test 37.5%, Immediate test 60%). As well as this, a
positive correlation was found between study time and performance in the testgphase f
both the delayest textsi(=.332) and immediatdest textsi(= .554).

A mini metaanalysis was conducted using the ESCI package

(https://thenewstatistics.com/itns/e¥td look at the relatiomsp between studying and

performance across each experiment. From each experiment, the relationship between
stopping position/study time and recall/test performance on stop lists/stop conditions was

examined to look at the pattern across experiments. Eteanalysis result was= .425
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(95% CI [[327, .522]with Figure 51 giving a visual representation of this analysis and
the pattern across experiments. Experiment 4 was omitted from this analysis, due to it

being a survey and not collecting data coesiswith the other experiments.
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Figure 5-1. A forest plot representing the result from the raatalysis conduetdon the
correlations found across the current experiments.

This metaanalysis highlighted that overall, there is a benefit from continuing
studying, due to more studying being posityebrrelated with test performance.
However, further examination of the regression equatiepsrted in the experiments
revealed that this benefit is quite small, and thus may encourage stopping. To elaborate,
Experiment 1 revealed that on average, seamextra word gained 0.12 in recall, which
was found to be similar across both the aversive anéaersive conditions in
Experiment 2 (both had a gain of 0.13 for seeing one word). Experiment 3 saw a slight
increase in gain, with the dekagst lists laving a gain in 0.21 words for every extra word
seen, with the immediatest list having a similar gain of 0.19 words. Within Chapter 3
when the materials were repeated, Experiment 5 found a gain in 0.11 words farrevery
word seen, with Experiment tling that when the lists were delayed, the gain in recall
was 0.17, with the gain being 0.10 when tests were immediate. Lastly, Chapter 4 found a
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gain of 1.85% in performance for every minute studied in the Experimental condition,
with Experiment 8 findig a similar gain of 1.48%. Experiment 9 found an increase of
2.46% when the test was delayed, compared to when the test was immediate, which had
an increase of 2.85% for every extra minute studying. Thus, across all experiments it
could be suggested thatsubstantial gain in memory performance would require
substantial extra study. For example, for a person to gain one extra word in Experiment
1, they would have to study 8.3 words. This was similar in Experiment 2. As well as this,
gain in test performascfor the Experiments in Chapter 4 was consistently low,
suggesting a need for extra study across all experiments. This is evidence towards the
idea that stopping may actually be adaptive in some circumstances, due to the lack of
substantial benefit haddm seeing more. Thus, this could be motivating participants to
stop prematurely and therefore see less of the material.

5.1.2 Theoretical Implications

The current project explored potential accounts to explain stopping behaviour.
These factors were spiiito those that were directly informed by the experience itself
(experiencebased cues) or those that were-goaceived by the learner and are not
directly informed by the experience (informaticues) (Koriat, Nussinson, Bless &
Shaked, 2008). The maieason for exploring alternative factors was due to Murayama
et al. (2016) positing that participants were stopjpi@gause of an incorrect pre
conceived belief, which they characterised as a metacognitive illastthat
participantavereil u n a w a r possibld advaritagie of viewing all the words in the list
to enhance recall performanceo (p. 8).
belief, whereby participants believe that seeing nermt beneficial for performance
However, this beliefvas not fully explored by Murayama et al. (2016) and thus
warranted investigation. The current research highlighted that beliefs are an important

factor when deciding to stop studying, but not due to a belief of information overload. If
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people believed thahis was the case, | would have expected a similar, consistent

stopping behaviour across the current experiments. However, as demonstrated above, this
is not the case as depending on the manipulations used, stopping does vary. As well as
this, even thoug Experiment 4 found reasons for hypothetical stopping to be consistent
with an information overload account, predicted recall did not reflect this. Instead,
predicted recall was consistent with the participants being aware that seeing more words
creates ateady increase in recall, rather than causes a decline.

The current research also highlights that experiased beliefs can determine
stopping behaviouAs outlined in Chapter 1, research has often found that information
based judgments (for exarepbeliefs about efficient study strategies) are based
different cues to experiendmsed judgements, which stem from the act of studying itself
(Koriat, Nussinson, Bless & Shaked, 2008). In relation to the current research,
participants may be stoppimigie to the actual experience of studying and its aversive
natureas suggested by literature into information overload (Eppler & Mengis, 2004) and
the avoidance of cognitive demand (Soucek & Moser, 24#}icipants may have a
pre-conceived idea that stying for longer is beneficial (as demonstrated in Expenit
4) but the actual experiencesitidyingoverrides the execution of this. This has been
found in more applied research, which has shown that a study strategy is not always
executed as planned (e.g. Blasiman, Dunlosky & RawsoiT) 2dbwever, this does not
consider that participantsdidexpreses O6i nf or mati on over |l oadd bel i e
which is not consistent with their behaviour. Therefore, it may be that the reasons for
stopping were considered to be acceptable, more so than expressing a sense of boredom
or lack of effort with the stud Reasons for this could be tharticipantgerceive this
as not being socially accepted, due to it beir

and ambition, as usually set out in learni@gutinho, 2007Locke & Latham, 199D



Therefore, it is lilkely that an alternative ativationis at play in stopping
behaviour. As previously outlined in Chapter 1, memory ability and forgetting could
have an impact on stopping, which was tested in several experiments in the current
research. It may be that thaljg ment s of oneds membased abil i
cue, could have influenced stopping behaviour. This was also found in Experiments 5
and 8 in relation to the stopping of repeated word lists and text paragraphs. However,
across thexperiments, as olrled in the metanalysis above, performance in the stop
conditionswas positively correlated with the number of words or time spent studying,
therefore only a smaller set of participants with poorer memories could be stopping
adaptively

Another cognitie perspective discusdin Chapter 1 was the factor of perceived
forgetting, which is something likely to be experienced at the time of studying
(experiencebased cue). Previous research has suggested that we are able to monitor our
forgetting and thus thican impact study behaviof@.gAriel, 2010; Ariel & Dunlosky,
2011, Halamish, McGillivray & Castel, 20,1Koriat, Bjork, Sheffer & Bar, 2004).
Experiment 1 in the current research looked at the role of perceived forgetting, utilising a
manipulation whee one group only had the current word on screen and thus were more
likely to perceive forgetting of older items. This, however, was not found to cause a
difference in stopping and therefore suggests this is less likely to be an influencing factor
on stopjing. Another cognitive perspective discussed in Chapter 1 was the idea that rate
of learning experienckwithin the task could influence whether a person stops studying.
Metcalfe and Kornell (2005) suggested that JOLs can be influenced by the perception of
rate (JROL), with a lower rate of learning leading to stopping. The experiments within
the current project support this idea, with findings usually showatiiga small gain in
recall if participants view all of the words texts,compared to those whtop. As

outlined above, the regression equations across the experiments suggest that to have a
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substantial gain in performance, the amount of time to put in to get this is also
substantial, meaning that participants may judge any small gain in perforaganoe
worth the effort and therefore choose to stop.

Another potential factor influencing stopping that was outlined in Chapter 1 was
the role of motivation at the time of studying. This was not addressed fully by the
experiments in Murayama et al. (20,1&ho assumed that participants were fully
incentivised by being rewarded with 10 cents for every word correctly recalled. Multiple
studies have found that motivation is an important component toeggifated studying,
with value governing how participts allocate their timée.g.Ariel & Dunlosky, 2011
Ariel & Dunlosky, 2013 Ariel, Dunlosky & Bailey, 2009Lipowski, Ariel, Tauber &
Dunlosky, 2017 Soderstrom & McCabe, 201.1From the current research, stopping
seemed to be changed using motivationahipulations, with the most convincing
account coming from the experiments that utilised a delay between stopping and test.
Experiments in Chapters 2, 3 and 4 looked at this and found a consistent effect across the
experiments that used word lists, repeatvord lists and text materials. When a delay
was imposed between stopping and test, stopping occurred less than if the test was
immediate. Thus, this suggests that having a dakegnt that stopping no longer
outweighed the benefit of continued studyparticipants did believe that seeing more
was harmful for recall, stopping would be consistent whether there was a delayAs not.
well as this, participants may have been accurately judging that having a delay would
harm their performance. In additiom this, the current research found tetapping was
a more common decision if there was not a delay between stopping and test suggests that
participantscouldbe discounting any future study and thus are valuing stopping more.
Thus, the immediate result stopping is immediately gratified compared to a future and
uncertain reward. Li nki ng Iexaeirkenttatthoudur ay ama et

not known by participants at the time, participants shortémedstudy period by 17.1
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items (=34.2 seconyland suffered a financial penalty of approximatedystents.

Participants who were not motivated by the prospect of earning an additional few cents,
or those who weight current experience avecertainfuture benefit may therefore

choose to stop, for reasons that have little to do with their belief about trecefiic

further studyThis uncertainty in the benefit of future study is not irrational; previous
research (as early as Ebbinghaus, 1885) has found that acquisition of information is faster
at the start of study time and begins to slow down as time/expusueases. As

elaborated above, the gain in future study is quite slim and thus participants may be
judging this uncertain gain in performance to not be valuable enough to continue. Thus,
people may be rationally stopping on this basis.

5.1.3 Applications

Thecurrent research looked at stopping, involving the exploration of stopping of
restudy of text materials similar to those in textbooks. This is an expansion on previous
literature that has found that the allocation of study time forliaged materials ually
follows aDiscrepancyReduction mechanism (Dunlosky & Hertzog, 1997). The
experiments in the current thesis suggest that the motivations of the student play an
important role in the premature stopping of studying novel information. The immediately
graifying decision to stop seems to be ovieling the goal of maximising performance.

Thus, when students are learning information for the first time, stopping may be more
likely due to the aversive nature of the task at hand. This can be the case tiodyhneys
of textbooks, for example when studying for a test or exam.

Linking back to the initial example of lecture attendance, students may decide not
to attend because they value something else over the uncertain gain of attending a lecture.
The contenbf a lecture may be tested in an exam, which may occur months after the
lecture has taken place, meaning that the reward is delayed and therefore valued less to a

student than if the test is immediate. As suggested in the literature into delayed
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discountirg (Tesch & Sanfey, 2008), the value of a reward is reduced when it takes
longer to receive it.

The current research highlights a disconnection between beneficial study
behaviour and the carrying out of such behaviour. As previous research has found, there
are disconnections between the knowledge of effective study strategies and the execution
of these strategies (e.g. Blasiman, Dunlosky & Rawson, 2017). Therefore, this raises
whether there are substantial interventions available that can help the implieoneraf
effective study decisions. These interventions could strengthen the connection between
prior knowledge of how to study material effectively, and the execution of effective
studying. It could be that this connection is weakened when the taskgs be
experienced, thus any interventions could helrg
aversive, yet important, information.

5.1.4 Future Research

As outlined in Chapter 1, there is limited research into the stopping of studying
novel information, with Muayama et al. (2016) looking at the stopping of word lists.
The current thesis also looks at word lists as well as extending to the use of text materials
with the aim of applyingtoppingto more complex material&uture research could
branch out to diffeent materials, such as lecture slides or diagraires, have more
similaritiesto those that students would experience in-ligmabktudying. This would
allow the findings relating to stopping to be applied to more complex materials and
therefore helpd understand further any restrictive behaviour students may decide. Using
such stimuli may help to understand whether stopping in applied study behaviour is
governed by a perception of ease of learning overload, especially when the materials
combine multipe components such as texts and diagrams. Previous research has found
that including diagrams and images have been found to increase the perceived fluency of

the materials and thus inflate judgments of learning (Serra & Dunlosky, 2010).
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Therefore, using s materials within a stopping paradigm may see an increase in
stopping due to an increase in processing fluency. Alternatively, it coulébe th
combining text with images may reduce stopping due its ease in processing. Using text
with diagrams/images asiémilar to that studied, for example within a textbook, and so
would help to explain why a student may stop studying prematurely when learning such
materials.

Another future experiment could be to further explore the results found in
Chapter 3, which fouhstopping was related to poorer recall even when the word lists
were repeated. The results found here were partly thought to be because of processing
fluency, which inflated the participaidsense of knowing the items better than they
actually did. To father clarify this, a future experiment could look at varying the number
of repeats of the word lists, for example 3, 4 or 5 times. If participant stopping was due to
a processing fluency account, then stopping would be expected to be similar regardless of
number of repeat$lowever, f stopping was caused by a sense of immediate
gratification, stopping would be expected to be later, according to the number of
repetitions. For example, if participants were motivated by a sense of control over their
learning they may monitor where in the list they are and stop at a point nearer to the end
but also allowing them to cut short what they see. Seeing whether stopping differs for
lists that are repeated for a different number of times will contribute to why peagle
stop repeated word lists.

Other potential future experiments could follow on from the themes that have
been identified within the current research but were not formally tested. One such
experiment could be one that tests the idea that further staggrnsive to participants
and therefore leads to increased stopping. An experiment looking at this could ask
participants whether they enjoy studying, asking them to rate their experience as they are

studying the materials using a paradigm similar to tligsel in the current thesis. If
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stopping is due to the aversiveness of future study, it would be expected that ratings
would decline as study increases, leading to the suggestion that people are stopping to
avoid any future unpleasantry of studying.

Another future experiment could look at the idea of delay discounting in more
detail, by asking participants how much value they put on further studying from the point
of stopping and whether any future gain in performance would be worth their time. Using
a simlar paradigm to the current experiments, participants could be given material to
study that they are able to stop at any point. If participants stop, they could then be asked
how muchvaluethey would get out of any future study, as well as how ggdtihey feel
stopping is at that point. This would help to understand whether stopping is a function of
immediate gratification, and whether participants are valuing stopping over any future
uncertain gain.

In regard to the text experiments outlined in Chagt future experiments could
explore further whether stopping is governed by the cognitive load of the texts.
Furthermore, an experiment could manipulate the properties of the paragraphs to account
for differences in coherence and cognitive load, tordesther stopping is governed by a
perception of load. Doing such experiments could involve manipulating the coherence of
the text and increasing its level of difficulty, for example by using more complex
terminology, longer sentences or even manipulatimg $ize, which has been found to
influence peopl ebs perception of judgment of

5.1.5 Conclusion

The experiments in this thesis explored the factors that could inflagoeeson
stopping the studying of novel information. Thrsults highlight similarities to
Murayama et al. (2016as well as adding novel findings. The research confirmed that
stopping is a decision often made by people, leadistpfapingincoming information,

as well aginding an important ol e o f ofwvationp tovea@sthertask. This

11¢



involves the value of stopping over any extra study andricertainbenefit this may

have on performance. Stopping of word lists does not seem to be influenited by
cognitive factor of forgetting and less likely dueatonemory monitoring effect. Chapter

4 demonstrated that stopping is consistent across material types, finding that stopping of
texts is also influenced by motivational factors. Overall, the results supporiew that

that stopping is influenced by maitean an erroneous belief that seeing more is harmful.

| have showcased that the task at hand and the motivational state of the person are

determining factors for stopping and thus should be considered for broader applications.
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7 Tables

Table 1
Stopping rate split for Experiment 1.

Experiment 1 Show Previous Hide Previous Overall
List 1 14.8% 13.8% 14.3%
List 2 22.2% 34.5% 28.6%
Overall 18.5% 24.1% 21.4%
Table 2
Stopping rate splitor list number and list type fdExperiment 2.
Experiment 2 Aversive Non-Aversive Overall
Condition Condition
List 1 54.8% 58.6% 56.7%
List 2 72.4% 51.6% 61.7%
List 3 79.3% 45.1% 61.7%
Overall 70.1% 50.5% 60.0%
Table 3
Stopping ratesplit for list number and list type f@xperiments 3.
Experiment 3 Delayed Immediate Overall
List 1 28.6% 45.3% 36.4%
List 2 26.2% 52.4% 39.6%
Overall 27.4% 48.8% 38.1%
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Table 4
Stopping rate split folist number forExperiment 5.

Experiment 5 Stop List
List 1 36.7%
List 2 44.9%

Overall 40.8%

Table 5
Stopping rate split folist number and list type fdExperiment 6.
Experiment 6 Delayed Immediate Overall
List 1 18.6% 28.6% 23.2%
List 2 17.1% 34.3% 25.4%
Overall 17.8% 31.4% 24.6%
Table 6
Stopping rate for Experiment 7.
Stop Text
Experiment 7 71.8%
Table 7
Stopping rate for Experiment 8.
Stop Text
Experiment 8 70.0%
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Table 8
Stopping rate split inteachtext type for Experiment 9.

Delay Text Immediate Text Overall

Experiment 9 37.5% 60.0% 48.8%
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Table9
Experiment 1: Means (M) and Standard Deviations (SD) for stopping positiorfeeanecall.

Stop lists that were stopped  Stop lists that were not Control Lists Stop Lists Overall
stopped
Show Hide Previous Show Hide Show Hide Previous Show Hide Previous
Previous Previous Previous Previous Previous
M SD M SD M SD M SD M SD M SD M SD M SD
Stopping
Position

List1 26.50 21.39 21.00 13.61 50.0 0 500 O 50.0 0 50.0 0 46.52 11.19 46.00 11.11
List2 27.67 9.66 2140 11.41 50.0 0 500 O 50.0 0 50.0 0 45.04 10.37 40.14 15.27

Overall 28.17 12.22 20.15 11.06 50.0 0 500 O 50.0 0 50.0 0 45.78 10.16 43.07 11.11

Recall
Listl1 475 287 525 189 10.13 323 868 259 874 301 766 254 933 367 821 276
List2 767 332 560 324 943 275 826 256 956 289 972 449 904 292 735 3.04

Overall 725 359 530 297 985 250 860 264 915 239 869 309 919 292 778 237
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Table D
Experiment 1: Means (M) and Standard Deviations (SD) for stopping position and recall split into counterbalance orderthé\sgguences, S
stands for Stopst, C stands for Control list.

Stop list 1 Stop list 2 Control list 1 Control list 2
M SD M SD M SD M SD
Stopping Position
SCSC 50.0 0 45.37 10.49 50.0 0 50.0 0
CSCS 42.76 14.62 39.83 15.09 50.0 0 50.0 0
Recall
SCSC 8.70 2.76 8.63 2.86 8.22 2.50 9.70 4.56
CSCSs 8.79 3.68 7.72 3.25 8.14 3.10 9.59 2.93
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Table11
Experiment 2: Means (M) and Standard Deviations (SD) for stopping positions and free recall, for the 3 experimentdlfisttheinitial baseline
list.

Stop lists that were stopped Stop lists that were not stoppt Overall Baseline lists

Aversive Non-Aversive Aversive Non-Aversive Aversive Non-Aversive Aversive Non-Aversive

M SD M SD M SD M SD M SD M SD M SD M SD

Stopping Position

List 1 24.88 9.29 26.11 9.10 50.0 0 50.0 0 36.23 14.41 36.90 13.15
List 2 28.75 9.98 2290 9.13 50.0 0 50.0 0O 39.03 12.90 30.38 14.54
List 3 27.36 9.64 26.74 13.36 50.0 0 50.0 0 39.77 13.09 31.55 1524

Overall 26.59 8.88 25.16 9.90 50.0 0 50.0 0 38.35 10.90 32.94 1088 50 0 50 0

Recall

List 1 794 331 835 229 1000 452 908 423 887 397 866 319

List 2 975 291 819 394 1240 362 10.75 557 11.03 349 890 450

List 3 940 421 874 398 1129 384 967 484 10.74 399 893 410

Overall 896 316 813 312 10.84 351 854 390 10.22 322 88 35 1165 3.26 1028 3.01




Table12
Experiment 3: Means (M) and Standard Deviations (SD) for stopping positions and free recall fiistestadied.

Stop lists that were stopped Stop lists that were not stoppt Overall

Delayed Immediate Delayed Immediate Delayed Immediate

M SD M SD M SD M SD M SD M SD

Stopping position
List 1 2550 9.92 22.74 9.98 50.0 0 50.0 0 43.00 12.33 37.67 15.24
List 2 26.36 9.58 25.96 13.02 50.0 0 50.0 0 43.81 11.53 37.41 15.32

Overall 26.63 8.71 25.44 10.77 500 0 50.0 0 43.41 10.92 37.54 14.22

Recall
List 1 708 124 7.79 404 1157 481 12.87 4.18 10.29 458 1057 4.8
List 2 618 188 7.73 268 1190 591 1215 477 1041 574 983 4.38

Overall 6.67 121 806 345 1127 487 1264 440 10.35 4.78 10.20 4.19
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Table B

Experiment 3: Means (M) and Standard Deviations (SD) for stopping position and recall spibumtierbalance orders. Within the sequences, D

stands for Delayed, | stands for Immediate.

Delayedlist 1 Delayedlist 2 Immediatdlist 1 Immediatdlist 2
M SD M SD M SD M SD
Stopping Position
DIDI 39.71 14.60 41.29 13.82 35.33 15.67 35.43 16.77
IDID 46.23 8.70 46.33 8.27 40.0 14.81 39.38 13.83
Recall
DIDI 9.62 4.25 11.52 6.42 10.27 5.35 9.71 5.44
IDID 10.95 4.90 9.23 4.86 10.86 4.30 9.95 3.12




Table14
Experiment: Means (M) and Standadeviations (SD) for stopping positions and free recall for each list studied.

Stop lists that were stopped Stop lists that were not  Stop lists overall Control lists
stopped
M SD M SD M SD M SD
Stopping Position
List 1 72.89 31.18 120.00 0 102.69 29.51 - -
List 2 76.09 22.13 120.00 0 100.29 26.48 - -
Overall 74.26 27.26 120.00 0 100.39 23.95 - -
Recall
List 1 12.83 6.75 16.10 5.78 14.90 6.29 16.47 6.24
List 2 12.46 5.54 18.07 7.77 15.55 7.35 17.92 6.53
Overall 12.44 5.75 16.39 6.65 15.22 6.52 17.19 5.93
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Table B

Experiment 5: Means (M) and Standard Deviations (SD) for stopping position and recall split into counterbalance ordarthé\déguences, S

stands for Stop list, C stands for Control list.

Stop list 1 Stop list 2 Control list 1 Control list 2
M SD M SD M SD M SD
Stopping Position
SCSC 108.72 25.72 105.64 22.29 50.0 0 50.0 0
CSCS 96.42 32.35 94.71 29.69 50.0 0 50.0 0
Recall
SCSC 14.16 5.96 15.40 6.92 17.24 6.02 17.12 6.26
CSCS 15.67 6.65 15.71 7.93 15.67 6.50 18.75 6.83
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Table16
Experimen6: Means (M) and Standard Deviations (SD) for stopping positions and free recall for each list studied.

Stop lists that werstopped  Stop lists that were not stoppt Overall
Delayed Immediate Delayed Immediate Delayed Immediate
M SD M SD M SD M SD M SD M SD

Stopping position
List 1 86.46 14.84 80.55 19.95 120.00 O 120.00 O 113.77 1452 108.73 20.78

List 2 85.00 22.81 81.21 20.91 120.00 O 120.00 O 11450 1549 106.70 22.13

Overall 8544 1749 81.80 17.82 120.00 O 120.00 O 114.14 13.22 107.71 1955

Recall
List 1 1431 595 1485 523 17.08 4.74 16.80 5.28 16.57 5.06 16.24 5.30

List 2 13.18 7.32 16.29 6.73 18.22 567 1761 6.14 1743 6.18 17.16 6.34

Overall 14.25 6.84 1555 529 1767 4.89 17.28 533 17.00 5.23 16.70 5.37
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Tablel7

Experiment 6: Means (M) and Standard Deviations (SD) for stopping position and recall split into counterbalanc&\btidierthe sequences, D

stands for Delayed, | stands for Immediate.

Delay list 1

Delay list 2

Immediatdist 1

Immediatdist 2

M SD

M SD

M SD

M SD

Stopping Position

DIDI 112.64 16.93 112.49 19.30 109.30 21.14 104.61 25.45

IDID 114.78 12.13 116.23 11.03 108.22 20.73 108.57 18.85
Recall

DIDI 15.94 4,78 17.30 6.31 17.33 5.61 16.76 6.65

IDID 17.14 5.30 17.54 6.15 15.27 4.89 17.51 6.11

13¢



Table18
Experiment 7Means (M) and Standaideviations (SD) for time and performance.

Stop texts that were stoppe  Stop texts that were not Stop texts Control texts
stopped
M SD M SD M SD M SD
StudyTime 9.79 2.63 15.00 0 11.26 3.25 15.00 0
(minutes)
Performance (%) 44.51 18.74 5318 17.86 46.A9 1868 51.79 1717
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Table19
Experiment 8Means (M) and Standard Deviations (SD) for study time and performance.

Stop texts that were stoppe Stop texts that were not stoppe Stop Texts Control texts
M SD M SD M SD Me SD
StudyTime 9.58 2.50 15.0 0 11.21 3.26 1500 0
(minutes)
Performance (%) 4965 1666 5418 18.11 51.01 17.10 5483 16.11
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Table20
Experiment 8: Means (M) and Standard Deviations (SD) for study time and performance sptitimirbalance orders. Within the sequences, S

stands for Stop text, C stands for Control text.

Stop text Control text
M SD M SD

Study Time (minutes)

SC 11.55 3.06 15.0 0

CS 10.86 3.45 15.0 0
Performance (%)

SC 55.11 1815 55.63 17386

CSs 46.91 1516 54.03 14.38
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Table21
Experiment 9Means (M) and Standard Deviations (SD) for study time and performance

Stop texts that were stopped Stop texts that were not stoppe Overall
Delay Immediate Delay Immediate Delay Immediate
M SD M SD M SD M SD M SD M SD
StudyTime 11.16 3.52 9.60 3.29 15.@ 0 1500 0 13.56 283 11.76 3.68

(minutes)
Performance (%) 53.90 2295 56.90 1975 6318 1931 66.0 1669 59.70 20.96 60.%4 189




Table22

Experiment 9: Means (M) and Standard Deviations (SD) for study time and performance split into counterbalance ordetise \8&tinilences, D
stands for Delayed text, | stands for Immediate text.

Delay text Immediatetext
Study Time (minutes) M SD M SD
Dl 13.59 3.13 11.29 3.71
ID 13.52 2.57 12.23 3.70
Performance (%)
DI 60.62 2069 59.80 2137
ID 58.78 21.72 6126 16.61
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8 Appendices

Appendix A - Word pool used inChapters 2 and 3.

fury shark binary hockey
plug clause lunch honor
chains plaza drift toilet
coffee soap cloak tread
eight towns coll angles
divine chant camera mall
grace cave senate bust
fellow birds bean hotels
edit canon chairs cent
ruby glass soccer reform
genes clay soup motif
apples palm earl milk
affair bowman axis gospel
deer worker module beast
mood sons diesel victor
stems sister trail marine
scouts route shots parity
mill quark jokes glue
bend coach chorus polls
scan blonde gate habit
shield novice dances zones
navy stasis knees thesis
jungle bacon clinic vacuum
shelf aura circle idiot
fees dial bonus riders
dare tires weapon shops
regard marks whine MOosSSs
trash makers fault leaf
grad titles signs ridge
ticket carpet packet paste
curve folk rust sore
collar pairs thorn resort
latex chips tutor ghoul
drum palace belly grove
bowl pizza woods tank
seat treaty branch finds
cheeks unity plants intent
bishop injury shoes wishes
entity hint houses roof
remedy soda fist camel
finish modes profit turkey
mice stitch gang snail
dish skull scores piano
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mines

lemur votes pace
beard goals wheat caller
hornet ships runner cinema
excuse waist cereal pile
guild regime roads wisdom
babies hero planes rats
shaw mortal whip shed
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Appendix B - Instructions provided in Experiment 1
Instructions before each Stop List
ABl ock _ of 4 blocks of 50 words.

Words in this block will now be shown o#tiy-one. Try to remember as many as you
can.

For THIS BLOCK, you can press a keyrtmveonto word recall early, if you feel this
would help your performance.

Press the space bar to continue. 0

Instructions before each Control List

ABl ock _ of 4 blocks of 50 words.

Words in this block will now be shown o#iy-one. Try to remember as many as you
can.

Pressthe spadmrtoc ont i nue. 0O
Instructions presented before each recall phase

AWhat words can you recall ? Remember
recalled words into the boxes-saoreen.

TIP: Keyboard keys left, right, up, down or TAB can be used to move quictkiyebe
boxes. If you prefer, you can use the mouse pointer to select boxes.

Pressthespadear t o continue. 0O

141

as

many



Appendix C - Instructions provided in Experiment 2
Before Presentation of first list (baseline list)

AYou wi |pftesentedwithla st of words. Try to remember as many as you can.
Press any key to start the word present al

Before presentation of each subsequent stop list
AYou wil|l be presented with a I|ist hef wol
presentation of new words, if you feel this would help your performance. To stop the
presentation of new words, press the space bar.
Press any key to start the word present al

At end of list presentations

AThank you. Pl easehamfypom haeerfkiseias lcd e r
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Appendix D - Instructions provided in Experiment 3
Welcome Screen

AThank you for agreeing to take part in this

N

You will be shown a total of four word lists, and after each you will be asked to recall as
manywords as you can from that list.

To move on to the instructions for the first |
Instructions before each Delayed Test lists

AYou wil now see a |ist of 50 words. 't 1 s yc

as you can. Orcthe list has ended you will be asked to recall as many as you can using

the recall sheets provided.

For this list, you can stop its presentation at any point you would like, if you feel this
would help your performance. To do so, press the 'Enter' key.

If you press the 'Enter' key and stop the list, the words after this point will not appear and

your screen will go BLANK. When the screen is blank, you will have to wait until the

list would have ended if you had seen all of the words. Therefore, tier gau stop,

the longer the delay between stopping and the test.

To start the first |list, press the space key.
Instructions before each Ndbdelayed Test lists

AYou wil|l now see a |ist of 50 words. 't 1 s yc

asyou can. Once the list has ended you will be asked to recall as many as you can using

the recall sheets provided.

For this list, you can stop its presentation at any point you would like, if you feel this
would help your performance. To do so, pressEnéer' key.

If you press the 'Enter' key and stop the list, the words after this point will not appear and
you will go STRAIGHT TO THE TEST phase for this list.

To start this |list, press the space key. o0
Instructions presented before each reqdilhse

APl ease now use the piece of paper to write dc
order, from the list.

You are not timed for this. Once you have done this, please press the space bar to move

on to the instructions for the next | i st . O

At end ofstudy
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AThank you for t aktityowarepawrfinishedn t he exper i

Pl ease |l et the researcher know you have |
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