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Abstract

Sarah Hendry: Understanding the Contribution of Meaningful Processing to the

Testing Effect

HE testing effect is an interesting phenomenon, with a wealth of support for its
T robustness. The basic idea is that attempting to learn something to retain over
time is more fruitful when items are retrieved from memory or tested, than when items
are restudied. This area of research has seen much attention in recent years, with
the focus moving away from the conditions under which the effect can be found, to
understanding the specific mechanisms that drive the effect. However, progress in this
regard appears to be slow and contradictory. This thesis aims to address the gap in our
understanding by exploring the concept of meaningful processing in relation to the test-
ing effect. Here, how differences in meaningful processing relate to the testing effect
is explored in text materials based on areas in the literature that have shown promise.
More specifically meaningful processing will be explored herein based on; in chapters
2 and 3, how amenable study items are to meaningful, elaborate processing during
retrieval (experiments 1-4), in chapter 3, whether there is a retrieval benefit associ-
ated with study items more meaningfully processed than less meaningfully processed,
based on their structure (experiments 5 & 6). In chapter 4, differences in meaningful
processing are further explored based on properties of the practice task as opposed
to the study materials (experiments 7-10). Chapter 5 concludes that the results show
little evidence that differences in meaningful processing of the study materials alter the
magnitude of the testing effect (experiments 1-6), but some evidence that differences
in meaningful processing during the practice task alter the magnitude of the testing

effect (experiment 7).
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1.1

Chapter 1

Findings and theories of the testing effect

and exploring meaningful processing

The testing effect literature reaches as far back as the late nineteenth century. Many
studies since then have explored the conditions under which testing can be beneficial
to long-term memory. However, theoretical progress in this area has stalled and new
approaches are required to further our understanding. This chapter will outline the
key findings in the literature as well as the key explanations for those findings. The
chapter will highlight how meaningful processing is a useful area for exploration in
tackling the current gap in our understanding and outline how this concept will be
further explored within.

Introduction

In memory research, retrieval practice is attempting to retrieve previously studied infor-
mation from memory, in order to avoid forgetting that information. The testing effect is
the robust finding that testing, or retrieval practice, is a more useful learning tool than
an alternative study activity for later memory retention. The most recent theoretical ad-
vances of the testing effect are now over five years old and the exploratory work since
has shown limited gains in our understanding. Therefore, progress in understanding
the testing effect phenomenon seems to have slowed. This chapter highlights one area
where essential work into the testing effect has been all but overlooked, which is the
contribution of meaningful processing to the testing effect, and furthermore details how
| will attempt to bridge the gap in understanding in this regard.

The memory phenomenon known as the testing effect was borne out of early stud-
ies looking into how forgetting occurs and how forgetting could be mitigated through re-
hearsal (for example, Ebbinghaus, 1913; Gates, 1922 and later Allen, Mahler, & Estes,
1969; Bregman & Wiener, 1970). Findings suggested that repeatedly accessing a
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1.1. INTRODUCTION

memory through retrieval practice, could influence how retrievable an item was at a
later point (Allen et al., 1969). In addition, retrieval practice was found to be more ben-
eficial for subsequent retrieval success than restudying the information alone (Hogan

& Kintsch, 1971).

Communication of the early success of retrieval practice for long-term memory has
seen it adopted in widespread fashion in education for summative assessment (Ades-
ope, Trevisan, & Sundararajan, 2017). Beyond this however, testing improves the ac-
curacy of individuals’ knowledge about their own learning (Dunlosky & Lipko, 2007).
It also measurably improves outcomes in comparison to alternative study techniques
that students are known to use, such as rereading from text books (Karpicke, But-
ler, & Roediger, 2009), which offer limited benefits to learning (Callender & McDaniel,
2009). More recently, low stakes quizzing, as opposed to exam testing, has also been
shown to reduce individuals’ test anxiety (Agarwal, D’Antonio, Roediger, McDermott, &
McDaniel, 2014). With our increased understanding of the widespread benefits associ-
ated with testing, focus has moved to capitalising on this benefit and promoting testing
for low stakes quizzing in everyday educational practice (Roediger & Karpicke, 2006a),
as opposed to summative assessment alone. However, this poses issues for teachers
by increasing the effort it takes to prepare the associated educational materials. In
addition, testing is often a less preferred learning technique by students (Karpicke et
al., 2009). Weighing up the evidence and practical issues of implementation is the role
of policy makers in this area (Buck, Ritter, Jensen, & Rose, 2010) and any decision in
this regard has widespread consequences. Therefore it is highly important that useful
evidence continues to come to the fore in this domain, so that any decisions regarding

application of this method can be made from a truly informed perspective.

Results that have come since Roediger and Karpicke’s (2006a) recommendation
convey a wealth of evidence for the benefit of testing in retaining specific information.
Indeed, a recent meta-analysis found testing can be used to boost learning at all lev-
els of education (Adesope et al., 2017). However, there are still many areas where

there are more questions than answers. For example, there is still much debate as to
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1.1. INTRODUCTION

whether retrieval practice can be universally applied to increase recall for all forms of
information being learned. Early work suggested that different information could ben-
efit from testing to different extents (Bregman & Wiener, 1970; Gates, 1922). These
ideas have frequently reappeared in the literature (Bouwmeester & Verkoeijen, 2011;
de Jonge, Tabbers, & Rikers, 2015; Roelle & Berthold, 2017; Roelle & Nickles, 2019;
Rowland, 2014; Schneider, Kdrkel, & Weinert, 1989; Van Gog & Sweller, 2015), yet to

date there has been limited study devoted to exploring this concept in any detail.

In addition, there is a gap in understanding how changes to the retrieval practice
task contribute to the testing effect. However, there is some evidence to suggest that
differences in the retrieval task can influence the size of the testing effect. For example
cued recall, whereby cues from previously studied items are given to aide recall, and
free recall, whereby no prompt is given, yield larger testing effects, than recognition,
whereby participants are required to answer whether they have seen the stimulus item
previously or are given multiple options from which they are required to recognise the
correct answer (Greving & Richter, 2018; Rowland, 2014). One explanation for this
is that increased difficulty is inherent in cued recall and free recall in comparison to
recognition tasks (E. L. Bjork, Bjork, et al., 2011). However, beyond the suggestion of

increased difficulty leading to the testing effect benefit, understanding has been slow.

Furthermore, in relation to applied issues in this area, there has been less ex-
ploration of how testing might benefit broader knowledge transfer, such as applying
knowledge to solve novel problems (Pan & Rickard, 2018; Van Gog & Sweller, 2015).
Although some promising results have been found in this regard (McDaniel, Howard,
& Einstein, 2009; Pan & Rickard, 2018), these effects are typically smaller (Pan &
Rickard, 2018) than ordinary testing effects (Rowland, 2014). Therefore, while the
signs suggest testing is an effective tool for educational practice, there are gaps in our

understanding of the mechanisms behind these benefits.

| will attempt to address these gaps in our understanding through the common
thread shared by this previous work. That is, that differences in the processing of the

materials, either during the study task or the practice task, relate to changes in the
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1.1. INTRODUCTION

magnitude of the testing effect. These differences are considered herein as the degree

of meaningful processing achieved during the particular task in focus.

Understanding the meaning of the materials being studied, for all students, is key
to positive educational outcomes (deWinstanley & Bjork, 2002). Current theory and
evidence of the testing effect, as already outlined, suggests meaningful processing is
an important aspect of why testing is so beneficial. Yet, it has only been explored in
superficial detail. Meaningful processing will be operationalised in different ways here
to fully explore its contribution to the testing effect. By meaningful processing it is meant
processing with great value or significance. Therefore | will explore how processing
items in ways that change their value or significance impacts the magnitude of the
testing effect. Key work, that has influenced the work in this thesis will be discussed

further in this chapter, but falls broadly into three main areas.

The first concept of meaningful processing | explore here is the semantic related-
ness of the study items. Studies have found that semantically related items are more
memorable, less amenable to interference (Goodmon & Anderson, 2011) and based
on their processing can benefit more from testing (Carpenter, 2009; Pyc & Rawson,
2010). For example, Goodmon and Anderson (2011) found that items that are seman-
tically related to items retrieved are less likely to be forgotten when not tested. This
is thought to be due to retrieval of one item simultaneously activating the overlapping
semantic concept of the item not recalled. This suggests that semantic information
activated during retrieval can be useful for subsequent retrieval of related information.
Theoretical work relevant to this in the testing effect literature has suggested that se-
mantic processing is central to testing effects (Carpenter, 2009; Pyc & Rawson, 2010).
For example, Carpenter (2009) found that cue-target pairs that were more strongly as-
sociated semantically benefited more from testing than weakly associated pairs. Yet,
still very few studies have explored this directly or in any detail. With much intuitive
appeal, there is a tendency for this work to suffer less scrutiny. Therefore, it is impor-
tant that work into semantic relations of the study items be fully explored in relation

to the testing effect as it forms a very natural and potentially easy path to application.
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1.1. INTRODUCTION

For example, differences in the benefit of retrieval practice for semantically related and
unrelated items would result in differences in the practical guidance for studying each
set of items. Following this future research could look to further identify the optimal

conditions for studying each set.

The second concept of meaningful processing | explore here is how well study
items can be integrated as a whole. In particular, to what extent a disruption to mean-
ingful processing can impact the benefit associated with retrieval practice. Studies
have shown that items that are organised in a more coherent structure tend to benefit
more from retrieval practice (Rowland, 2014). These materials are less likely to be
forgotten when only some of the materials are retireved (M. C. Anderson & McCulloch,
1999; Chan, 2009), suggesting that these materials are processed more completely
or more meaningfully. While more recent work further reiterates that highly coherent
information is processed differently (de Jonge et al., 2015; Hostetter, Penix, Norman,
Batsell Jr, & Carr, 2019), this concept has not been directly examined under typical
testing effect conditions, namely, within the same experiment and with an appropriate
restudy control condition that matches both the time spent on task and the number of
times items are studied. Therefore, because work that has shown promising results
in the retrieval-induced forgetting literature (Chan, 2009), a related field to the testing
effect, did not use an appropriate restudy control, further enquiry is required to demon-

strate the application of these results to the testing effect.

The third and final concept of meaningful processing | explore here relates to the
retrieval practice task. Some work on the benefits associated with this comes from
comparisons between different retrieval practice tasks, for example short answer ques-
tions compared to multiple choice questions (Greving & Richter, 2018). Here learning
via short answer questions was compared to multiple choice questions (without feed-
back) at time points of 1 week, 10 weeks or 23 weeks after a semester of learned
content in a real-life educational context. Results revealed the short answer questions
to be more beneficial to long-term retention than multiple-choice questions, but only for

the items that were retrieved well to begin with on average. Results were suggested
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1.2

1.2. THE TESTING EFFECT PARADIGM

to be in line with an effortful processing account of testing effects, whereby increased
effort at the time of retrieval in this case retrieving via short answer as opposed to

multiple choice questions leads to a testing advantage over restudy.

Further work relating to the contribution made by the retrieval task to the testing
effect comes from the transfer testing effect literature (Hinze, Wiley, & Pellegrino, 2013;
Pan & Rickard, 2018), whereby more elaborate processing during retrieval practice is
shown to benefit conceptual knowledge transfer. For example, Hinze et al. found that
when participants organised knowledge into their own words or for comprehension
during retrieval practice, there was a greater transfer benefit over restudy. The benefit
occurred on inference questions at final test, in comparison to when instructions were
to attempt to recall items in their original form. However, once more this work has not
demonstrated these benefits under matched control conditions, limiting the scope for

understanding, interpretation and application.

This chapter will now outline the key findings relating to the testing effect and further
explore the theoretical explanations for these key findings. It will conclude by detailing

how meaningful processing will be explored across the ten experiments enclosed.

The Testing Effect Paradigm

Testing effect research came from early work on how to preserve memory. In realis-
ing the utility of this approach, it has been necessary to compare retrieval practice to
alternative learning strategies, such as concept mapping (Karpicke & Blunt, 2011), self-
referential elaboration (Endres, Carpenter, Martin, & Renkl, 2017), as well as keyword
mnemonic techniques (Karpicke & Smith, 2012) and note-taking (Rummer, Schweppe,
Gerst, & Wagner, 2017). These comparisons make for a diverse and necessary liter-
ature for understanding how best to apply the testing effect to an educational context.
However, a more constrained standard has also been established to be able to exam-
ine the mechanisms behind the testing effect and more easily compare results across

studies.

The typical testing effect is a comparison between a retrieval practice test and a
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repeat study, or restudy, opportunity. The benefits of comparing testing to a restudy
control are two-fold. Firstly, it ensures that retrieval practice benefits cannot be ex-
plained by the amount of time reexposed to the study materials during the practice
task alone, as restudy groups spend the same amount of time restudying the mate-
rials as retrieval groups spend attempting to retrieve the materials. Secondly, having
a restudy control makes it possible to compare retrieval practice to a study strategy
that students often employ and find less taxing than retrieval practice (Karpicke et al.,

2009).

The testing effect paradigm usually involves three phases. The first is a study
phase, in which all participants engage with the learning materials in the same way,
typically by reading through them or passively studying them. This is followed by a
practice phase, or learning phase, in which an experimental manipulation of some
form occurs. Usually, participants are either tested on the learning materials (test prac-
tice group) or restudy the same learning materials again (restudy practice group), with
the time on each task being matched. Rereading or restudying is the act of reading or
studying without being engaged with an additional task like note-taking. Finally, partic-
ipants complete the final test phase, where all participants take the same criterion test
on the learning materials. The final test is typically given during the same experimental
session or at delay of up to several days. Research compiled over the last several

decades has resulted in some common findings that are outlined below.

Key Findings

The key findings from the testing effect literature were neatly summarised in a meta-
analysis conducted by Rowland (2014). Rowland’s meta-analysis included only test-
ing effect studies where the timing for the restudy and test practice conditions were
matched, which included 159 effect sizes from 61 studies. The analysis assessed to
what extent the different design characteristics of the studies contributed to the testing
effect. The design characteristics assessed included whether feedback was given or

not. When feedback is given it often involves presenting the intact study item that the
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1.3. KEY FINDINGS

participant had attempted to retrieve immediately prior, for several seconds. The anal-
ysis also included whether the design utilised mixed lists or pure lists, which is whether
the practice task for each participant contained only study items or retrieval practice
items (pure lists) or a mix of both items (mixed lists). The analysis also assessed the
contribution of a design that was within or between-subjects, so whether participants
completed both a retrieval practice task and a restudy task (within-subjects) in the study

or only completed one or the other (between-subjects).

In addition, the analysis assessed the period of delay between the initial and fi-
nal test, which was in the order of minutes to days. The analysis also looked at the
contribution of the format of the initial and final tests. For example, whether the initial
retrieval practice task was a recognition test, a multiple choice test, a cued recall test or
a free recall test, with the same categorisation for the final test also. Finally, the anal-
ysis also assessed whether different properties of the stimuli contributed to the testing
effect. For example, to what extent the testing effect is influenced by items’ semantic
organisation (semantically organised or not) and presentation format (lists of words or
passages of text). The analysis was run on the total set of effect sizes and a subset of
effect sizes, in which the retrieval practice task included a high level of re-exposure to
the study materials. Here, a high level of re-exposure meant study materials that were
retrieved with high accuracy during the retrieval practice task (> 75%), or experimental
designs that allowed participants to view the study materials again after failed retrieval

or a retrieval attempt, through feedback. Several clear findings were reported.

The overall mean effect size for the testing effect across all studies analysed was
estimated to be a medium effect size (Sawilowsky, 2009), g = 0.50 (Cl [0.42, 0.58]).
This is consistent with a less constrained more recent meta-analysis of the testing
effect (Adesope et al., 2017), that included studies with a broader range of comparison
conditions, for example alternative revision tasks such as concept mapping and no
study filler tasks. For Rowland’s subset of high exposure data, the size of the effect
was slightly higher, g = 0.66 (Cl [0.56, 0.75]). Although the inclusion of feedback

is likely responsible for the size of the difference as studies with feedback resulted
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1.3. KEY FINDINGS

in a significantly larger testing effect (g = 0.73, ClI [0.61, 0.86]) than studies without
feedback (g = 0.39, CI [0.29, 0.49]).

For studies without feedback the size of the testing effect increased with the like-
lihood of retrieval during the initial retrieval practice task. When the initial test perfor-
mance was less than or equal to 50% no testing effect was found (g = 0.03, CI [-0.21,
0.27]). For studies where the initial test performance was between 51% and 75% a reli-
able testing effect was found (g = 0.29, CI[0.09, 0.49]). Studies in which initial retrieval
was above 75% demonstrated the largest benefit of testing (g = 0.56, Cl [0.42, 0.70]).
These results could help us to understand the contribution of the restudy opportunity,
which might be more beneficial in conditions where initial test accuracy is low (Van Gog
& Sweller, 2015). Furthermore, as the impact of feedback is found to depreciate with
each successive feedback opportunity and a benefit is not always seen (Adesope et
al., 2017), it is necessary to also consider the direct effects of testing when feedback
is not present (Karpicke, Lehman, & Aue, 2014). Previous work (Kang, McDermott, &
Roediger, 2007) has shown that feedback can boost performance associated with a
retrieval task, which is thought to occur due to enhanced encoding strategies follow-
ing incorrect response reveal, in addition to increased memory strength for items that
are retrieved successfully. To avoid introducing mediating effects associated with the
provision of feedback during retrieval practice, and the added possibility for feedback
to interact with the meaningful processing manipulations of interest here, the studies
herein will largely not include feedback in the design. In light of this the remaining sum-
mary of the key findings will only be based on the full data set, rather than the subset

of high exposure data.

For the different design components there was a smaller effect size for within-
subjects designs, whereby the restudy and retrieval practice task were completed by
each participant (9= 0.43, C1[0.35, 0.52]), than for between-subjects designs, whereby
each participant completed only one practice task (g= 0.69, C1[0.48, 0.89]). There was
no difference as to whether the practice items were shown in a mixed list (g= 0.49, CI

[0.37, 0.62]) or pure list format (g= 0.46, CI [0.34, 0.57]). These results suggest that the
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testing effect is likely to be maximised with a between-subjects design for the restudy

and retrieval practice task components.

There was also a clear finding for the presence of a test-delay interaction. Whereby,
studies in which the delay between the initial test phase and final test phase was
greater than one day produced larger testing effects (g= 0.69, CI [0.56,0.81]) than
studies in which the delay was less than one day (g= 0.41, CI [0.31, 0.51]). However
at both retention periods a reliable testing effect was found, consistent with the results
found by Adesope et al. (2017), suggesting that testing positively impacts the forget-
ting rate of the items studied. More widely some studies have found that short retention
periods do not always result in a testing effect. One study that exemplifies this finding
is by Roediger and Karpicke (2006b), who varied the length of the delay to the final
test. They found that when the delay to the final test was five minutes, there was a
benefit of restudy over testing. However, when the delay to the final test was 2 days,
the pattern had reversed and there was now a large benefit for testing (Sawilowsky,
2009), d= 0.95. The finding of a restudy benefit with an immediate delay to final test
is known as a negative testing effect and is thought to be due to the restudy condition
being reexposed to all items, while the test condition (in the absence of feedback) is
only reexposed to the retrieved items (Roediger & Karpicke, 2006b; Wheeler, Ewers,
& Buonanno, 2003). Whereas, the reverse pattern at delay is thought to reflect a re-
duced rate of forgetting for retrieved items, which the restudy items do not benefit from.
In this study it is interesting to note that at the final tested time point of one week this
difference was not any larger, d= 0.83, which is consistent with the results of Adesope
et al. (2017). These findings highlight that although a delay is beneficial, the nature of
this benefit is not likely to be linear in function and substantial delays are likely to show
limited protection against forgetting (Chan, 2010). Results therefore show that a delay

in the order of a few days is likely to be an optimal retention period to utilise.

One clear finding relevant to the focus of meaningful processing, that emerged from
the meta-analysis is the test format of the initial task and the final task. Results showed

that practice tasks that employed a cued recall retrieval practice task yielded larger
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testing effects (g = 0.61, Cl1[0.52, 0.69]) than those that employed free recall (g = 0.29,
C1[0.07, 0.52)]) or recognition practice tests (g = 0.29, Cl [0.10, 0.47]). This suggests
that difficulty in the practice task, associated with having fewer or no cues during the
retrieval practice task (free recall), is not alone responsible for the benefits associated
with retrieval practice. Here however, there is evidence that aspects of the practice task
are important for the magnitude of the testing effect. Results for the final test format
showed similar results with cued recall (g = 0.57, Cl [0.46, 0.68]) and free recall (g =
0.49, CI [0.34, 0.63)) final tests giving larger testing effects than recognition tests (g =
0.31, Cl[0.15, 0.46]). These results indicate that initial tests are most beneficial when
in a cued recall format and final tests are equally beneficial in either a free recall or

cued recall format.

Rowland’s meta-analysis also examined the influence of moderators relevant to
meaningful processing of the study materials. This was looked at in three different
ways, based on the different properties of the stimuli. Firstly, stimulus type, as ex-
amined by; whether the study items were lists of individual words, related cue-target
pairs or prose passages. The results suggested that the organisation of the stimulus
type moderated the testing effect, whereby more organised materials resulted in larger
testing effects, for example the prose (g= 0.58, Cl [0.34, 0.82]) and cue-target pairs
(g= 0.59, CI [0.49, 0.70]), compared with the less organised lists of words (g= 0.39, CI
[0.24, 0.53]) and study items that did not fit into a category (g= 0.27, Cl [0.06, 0.48]).
This is consistent with the results found by Adesope et al. (2017), whereby passage
learning resulted in larger testing effects (g= 0.71) than the learning of word lists (g=
0.56). Here we have our first evidence that meaningful processing relating to the struc-

tural properties of the materials influences the testing effect.

The second moderator in Rowland’s meta-analysis relevant to meaningful process-
ing of the study materials was the relationship between the cue and target where the
stimuli was made up of word pairs. This moderator was made up of five different lev-
els; same (recognition), non-semantic, semantic unrelated, semantic related and none

(free recall). There was no heterogeneity between the levels, although the results did
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suggest numerically that more meaningfully related items, by way of semantically re-
lated pairs (g= 0.66, C1[0.51, 0.82]) benefited more from testing than non-semantically
related cue-target pairs (g= 0.54, CI [0.42, 0.66]). Furthermore, findings from studies
that have manipulated the relatedness of the study materials within the same exper-
iment suggest that this is an important factor to the magnitude of the testing effect
(Carpenter, 2009; Carpenter & Yeung, 2017; Pyc & Rawson, 2009). Therefore, while
the meta-analysis does not give a strong indication that semantic relationship between
cue and target pairs are important for the testing effect, more work is required to fully

understand this concept.

The final moderator relevant to meaningful processing in the study materials was
based on how the stimulus interrelations of the materials influenced the testing effect.
This had four levels; prose, categorical, no relation, other. The meta-analysis found
no heterogeneity in the effect sizes between these levels, suggesting that the stimulus
interrelations in the study materials might not be important for the mechanisms of the
testing effect. However, this result reflects properties manipulated between studies,
not within studies, which typically utilise different design elements. Therefore, the re-
sult conveys a somewhat crude application of meaningful categorisation that may or
may not be relevant to the focus of meaningful processing herein. While the benefit of
the meta-analysis is that it is a comparison between studies, the different experimental
design features that it encompasses have been shown to influence the magnitude of
the testing effect (Mulligan, Susser, & Smith, 2016) and could be masking the more nu-
anced factors being assessed in this moderator analysis. As noted by Karpicke (2017),
how materials are manipulated within an experiment has been scarcely explored in re-
lation to the testing effect and could be useful for theoretical developments in relation
to the testing effect. Elsewhere in the related literature of retrieval-induced forgetting,
associations between study items has been looked at in more detail and results sug-
gest semantic categorisations can influence retrieval processes (M. C. Anderson &

McCulloch, 1999).
Therefore, while there is a clear finding across two different meta-analyses that
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1.4. THEORIES OF THE TESTING EFFECT

some structural components are relevant to the magnitude of the testing effect, direct
comparisons within the same experiment are scarce in the testing effect literature,
particularly under the conditions that are optimal for studying the direct effects of testing
and the conditions we now understand are likely to boost the testing effect.

One thing to note with Rowland’s meta-analysis is that the studies included were
heavily weighted on the results of paired associates and lists of single words which
made up over 80% of the sample, rather than longer text study materials which made
up less than 15% of the sample. Therefore, how prescriptive these results are for more
educationally typical study materials is difficult to say. However, as the meta-analysis
focused on studies that contained a restudy matched time control task and this is also
a feature of the studies in this manuscript, it was necessary to outline a summary of
relevant findings here. Now that | have outlined the main findings associated with the

testing effect, | will move on to highlighting the key explanations for these findings.

Theories of the Testing Effect: Explaining the Key Findings
The key findings outlined above involve the inclusion of feedback and initial accuracy
levels, the test-delay interaction, the nature of the retrieval tasks and the nature of the

study materials. Below | will outline how these different results have been explained.

1.4.1 Bifurcated Distribution Account

The bifurcated distribution account offers a useful description of how retrieval practice
produces higher accuracy levels, the test-delay interaction and a benefit associated
with feedback (Kornell, Bjork, & Garcia, 2011). This account suggests that information
that is successfully retrieved, due to lying above a memory strength threshold at the
time of the initial test, gains additional memory strength that allows for easier recall
at a later point. This is because the memory strength boost offered by successful re-
trieval is more potent than the memory strength boost offered by a restudy opportunity.
Therefore, when initial accuracy is high, or feedback is present a test-delay interaction
can be seen, because items that are retrieved accurately receive a boost in mem-

ory strength through retrieval. In the case of feedback this will include boosting the
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items not retrieved in the same way as restudied items, while preserving the retrieval
boost to items accurately retrieved. As the time to the final test increases, the discrep-
ancy widens between the memory strength associated with the retrieved items and the
restudied items. This accounts for the test-delay interaction typically seen in testing
effect studies (Rowland, 2014), because more items in the retrieved set will lie above
the memory strength threshold at the final test than those in the restudy set. While
there is key evidence that these are all features of the benefit of retrieval practice, this
account does not provide an explanation of the mechanisms of retrieval practice that

offer this boost.

1.4.2 Transfer Appropriate Processing

Early memory research led to ideas that aspects of the learning environment, or con-
text, provide useful cues during subsequent retrieval. These ideas emphasised that
successful storage of encoded information was vital for successful retrieval (Tulving &
Thomson, 1973). For example, early work examined how changes to the context of the
study and retrieval environments influenced memory, revealing memory benefits asso-
ciated with reinstating the original learning context during a retrieval attempt (Godden
& Baddeley, 1975). However, results are not limited to the physical context, simply
remembering the context is enough to demonstrate superior performance (S. M. Smith
& Vela, 2001). The transfer appropriate processing account suggests that the prac-
tice test allows students to mentally experience the final testing parameters and it is
this similarity between the mental processing required at each point that confers an

advantage for retrieval practice (Morris, Bransford, & Franks, 1977).

In terms of the testing effect therefore, the transfer appropriate processing account
suggests memory success relies on a match in cognitive processing between practice
and final test. Rowland’s meta-analysis did not find clear support for the transfer ap-
propriate processing account, due to the fact that matched initial and final test formats
did not show larger testing effects than mismatched tests, however, it is worth making

clear that some recent findings still find support for this account (Adesope et al., 2017).
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In addition, current perspectives share common ground with this approach (Karpicke

et al., 2014), therefore it is useful to outline the explanatory power of this outlook.

Evidence can still be found in favour of this approach when the task is more chal-
lenging or applied (Hinze et al., 2013; Larsen, Butler, Lawson, & Roediger, 2013).
Larsen et al. (2013) for example, in an applied examination of the utility of retrieval
practice, compared different retrieval practice techniques on the retention of learned
clinical procedures. Results showed that practice in a given technique transferred best
to final exam performance in that technique. One criticism of the transfer appropriate
account as an explanation of retrieval practice success, is that we do not learn anything
about the underlying processes involved (Bradshaw & Anderson, 1982) or the condi-
tions under which we are likely to find a testing effect. And due to this lack of specificity,
many studies are seen to be at odds with this perspective (Carpenter & DeLosh, 2006;
Rowland, 2014; S. M. Smith, Glenberg, & Bjork, 1978). Examinations of this concept
have given rise to ideas that have attempted to address the lack of specificity, such as
the elaborate retrieval hypothesis (Carpenter & DeLosh, 2006) and the episodic context

account (Karpicke et al., 2014), which will be detailed below.

1.4.3 Effortful Retrieval

One finding that has been persistent in the testing effect literature is the idea that re-
trieval practice represents more effortful processing than restudy or rehearsal practice
and that somehow this is leading to a memorial benefit for the retrieved items. The
additional effort or difficulty comes from needing to locate the memory for previously
presented information during retrieval, which is not required during restudy. It is this
desirable difficulty, or added difficulty that results in a benefit, which makes the testing
experience beneficial (E. L. Bjork et al., 2011). Results from an early study in this area
made more specific predictions based on findings in the free recall of word lists (Craik,
1970). Craik found that items presented most recently in the list were often retrieved
immediately and more successfully, in comparison to items presented earlier in the

word list. ltems presented earlier in the list tended to be recalled later in the free recall
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sequence and with less frequency. However, upon a second free recall attempt of the
list, the items that were retrieved from the earlier portion of the list, but later in the recall
sequence tended to be recalled to a greater extent than the items that were recalled
from the end of the presented list and earlier in the recall sequence. This led Craik to
suggest that increased difficulty at the time of retrieval, which at an item level meant
more difficulty retrieving items that had not been presented recently in the list, seemed

to increase the success associated with retrieving that item at a later date.

Many subsequent studies have found evidence consistent with the idea of increased
effort or difficulty during the retrieval practice task being beneficial for subsequent re-
trieval success. This difficulty has taken many forms, such as fewer cues being present
during the initial retrieval attempt leading to a memorial benefit (Carpenter & DelLosh,
2006; Kang et al., 2007; Rowland, 2014). In addition, longer delays between the initial
retrieval and the final retrieval attempt are also thought to represent increased diffi-
culty, that results in a benefit (Karpicke et al., 2014). Furthermore, expanded retrieval,
whereby retrieval attempts are separated in time, as opposed to massed and repeated
immediately, tend to also increase the benefit of retrieval (Karpicke & Roediger, 2007).
In a similar way, when items are repeatedly retrieved at longer lags between items as
opposed to shorter lags between items, longer lag repeated testing is more benefi-
cial to subsequent retrieval (Rawson, Vaughn, & Carpenter, 2015). In line with these
findings, self-report methods tend to show testing conditions as being experienced as
more difficult than restudy conditions and result in lower confidence in performance
(R. A. Bjork, Dunlosky, & Kornell, 2013). Whilst this looks to be compelling evidence
for the effortful processing explanation of the testing effect, the conditions under which
effortful processing could occur appear to be endless. Furthermore, this approach
undermines the importance of encoding and memory strength to subsequent retrieval
(Craik, 2002; Kornell et al., 2011; Tulving & Thomson, 1973) and suffers from a lack
of predictability over which difficulties will be desirable. This brings up a circular argu-
ment, as difficulties are only desirable when they result in an advantage over restudy.

A recent review looked specifically at whether the testing effect could be achieved in
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study materials that are particularly effortful to learn.

For example, Van Gog and Sweller (2015) suggested that the testing effect had
not been well explored in relation to complex study materials. They reviewed studies
that featured complex study information and found that this information did not seem
to benefit from retrieval practice in the same way, often showing no testing effect or
a negative testing effect. Complex information was defined as information containing
components with high elemental interactivity. This translates into component parts that
need to be integrated to be utilised. For example, understanding how electrical circuits
work, requires understanding of the different component parts in order to apply this
knowledge to novel problem solving. These materials arguably require a level of diffi-
culty to learn, either during encoding or retrieval or both. It could be that this complexly
related information requires increased levels of comprehension, or prior knowledge, for
effective retrieval. Therefore, while difficulties in many forms do appear to increase the
benefit of retrieval, this perspective is not very prescriptive and seems to have bound-
aries to its effectiveness (Karpicke & Aue, 2015; Van Gog & Sweller, 2015), which are

still poorly understood.

Further to the explanatory accounts and broader memory theories of retrieval given
above, there has been some attempt to theorise about the suggested mechanisms at
play during retrieval practice that lead to a benefit over restudy practice more specif-
ically. The more specific theoretical accounts of the testing effect are the episodic
context account and elaboration theory under two guises, the elaborate retrieval hy-
pothesis and the mediator effectiveness hypothesis. These accounts will be outlined

below, before turning to the direct focus of this thesis.

1.4.4 Episodic Context Account

The episodic context account (ECA) highlights that the surrounding episodic context in
which items are retrieved is important to the testing effect (Karpicke et al., 2014). One
of the central ideas of the ECA is that in order to recall an item from memory, there is

an active attempt during retrieval practice to reinstate the previous context that an item
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was presented in. This account extends explanations of spacing effects, that suggest
spacing effects are attributed to a combination of study-phase retrieval and contextual
variation (Benjamin & Tullis, 2010). Spacing effects describe when spaces between
study opportunities lead to better memory than massed study, or no spacing between
presentations. Such explanations of spacing effects suggest that a degree of retrieval
occurs when an item is re-presented. However, the ECA suggests that these effects
reflect incidental retrieval that occurs during a restudy opportunity. Whereas, retrieval
practice reflects intentional retrieval and therefore is likely to magnify the use of con-
textual features, which change as a result of increased temporal changes with spacing.
Here, incidental retrieval is taken to mean any retrieval that occurs during restudy as
a function of the repeated episode. Whereas, intentional retrieval is associated with a
deliberate attempt to think back and remember the previous study episode. Some re-
trieval may occur during incidental retrieval (during restudy), but this occurs to a much

lesser extent than during intentional retrieval (during retrieval practice).

In a similar way to the temporal context model of memory (Howard & Kahana,
2002), the episodic context account (ECA) relies on a constantly changing temporal
context that is able to guide retrieval. Karpicke et al. (2014) proposed that the informa-
tion retrieved during a practice test is bound to the features of the original presentation
context, which then serve as retrieval cues at the final test. When retrieval of a pre-
viously presented item is attempted, features of the original presentation context are
activated and bound to features of the current retrieval context. It is these updated con-
textual features that are better able to guide subsequent retrieval more efficiently than
restudy. Context reinstatement is thought to occur during restudy although to a lesser
extent than during retrieval, as less effortful reinstatement of the previous context is
required. Support for this account is shown from studies that measure some form of
temporal processing, for example the clustering of the retrieval order or an ability to

temporally sort the previously presented items.

In this way, Whiffen and Karpicke (2017) found support for the episodic context

account with a list discrimination task. After learning two lists of words, both restudy
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and retrieval condition participants were presented the words again. In the retrieval
condition participants were instructed to think back to which list the item was previously
presented in. The retrieval group had both improved temporal clustering and retrieval
rates compared to the restudy condition. This suggests that enhanced performance
associated with retrieval practice could be due to context reinstatement. Similar results
are reported when retrieval practice is compared to non-retrieval elaboration strategies
(Lehman, Smith, & Karpicke, 2014), whereby a non-retrieval elaboration task results in
inferior temporal memory than retrieval practice. Here, the argument is that elaboration
accounts of retrieval practice do not explain the retrieval memory benefit as well as the

context reinstatement account.

Whilst the changes in the temporal context can provide a constant way to apply the
benefit of retrieval to many different types of stimuli, the account also suggests that
when additional effort is required at a number of different stages in the retrieval pro-
cess, this will prove to be more beneficial to a later retrieval attempt. For example, the
ECA account depends on a changing temporal context to make sense of how retrieval
practice enables more efficient later retrieval, suggesting that at a greater delay, or in-
creased spacing to contextual reinstatement a greater testing benefit will result. This
leads to the prediction that items benefit differently based on how difficult they are to

retrieve.

In line with this, studies have shown that difficulty associated with temporal features
of the study phase and retrieval practice phase do result in an increased testing effect.
For example, Rawson et al. (2015), found that testing gains over restudy are greater
when the items are presented with longer lags (35 items) between repeat presentations
than at shorter lags (8 items). This result is more pronounced with a larger delay to final
test (Carpenter & Yeung, 2017), and occurs when feedback is included (Pyc & Rawson,
2009). It does therefore seem, that timing mechanisms alongside increased difficulty
in timing features are relevant to retrieval processes. However, there is a caveat in this
theory that suggests that items will reach a threshold after repeated retrieval, in such

that they become decontextualised and no longer require features of the episodic con-

19



1.4. THEORIES OF THE TESTING EFFECT

text to be retrieved. This idea is supported by the notion that with repeated retrieval, the
benefit of retrieval practice follows a negatively accelerated curve (R. A. Bjork, 1999).
In addition, Pyc and Rawson (2007) found that longer lags between item presentations
(23 vs. 5) are more beneficial for memory of the item when using drop out schedules,
whereby to be learned items are dropped after one successful retrieval. This shows
that even when all initial retrieval is successful, it is more beneficial at a later date when

a larger delay or more difficulty to context reinstatement has occurred.

Some previous work however is not entirely consistent with the ECA, For example,
Brewer, Marsh, Meeks, Clark-Foos, and Hicks (2010) found that when gender informa-
tion of the previous presentation was retrieved during the practice task, then temporal
information was not as accurate as when retrieval practice involved a list discrimination
task. This suggests that the nature of the practice task influences what information is
available on the final test. Other more recent work suggests that context updating might
not just be limited to temporal features (Schwoebel, Depperman, & Scott, 2018) and
memory for broader contextual features are enhanced by retrieval practice (Akan, Stan-
ley, & Benjamin, 2018). An additional issue, that is common for all theoretical concepts
in this area, is the issue of circularity (Karpicke, 2017), whereby, evidence of causation
is taken from phenomenological outcomes. In other words, the fact that contextual fea-
tures are boosted at the time of the final test, does not necessitate that processing of
contextual features during retrieval practice was the source of this benefit. This will be

an issue for future work to wrestle with.

1.4.5 Elaboration Theory

Ideas about the usefulness of elaboration to memory utilises the levels of process-
ing account of memory, whereby depth of processing, indicative of semantic depth of
processing, evolved to incorporate not only semantic depth of processing but also the
spread of processing or how elaborately processed items are (Craik & Tulving, 1975;
Moscovitch & Craik, 1976). This also gave rise to ideas about material appropriate

processing, whereby the processing task is most useful when it reflects how the infor-
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mation is likely to be used. For example, if you need to remember the colour a word
is presented in, it is not helpful to concentrate on its semantic properties. Similarly, if
you need to later remember the list membership of the item, it is not useful to practice

remembering which gendered voice the item was presented in (Brewer et al., 2010).

Early evidence supports the idea that more relevant processing promotes recollec-
tion of this relevant information at a later point (Johnson-Laird, Gibbs, & De Mowbray,
1978). Further work suggested that processing relational elements of the studied items
is particularly useful more broadly for later retrieval (Einstein, McDaniel, Owen, & Cote,
1990). Further to this Willoughby, Wood, and Khan (1994) found that elaborately inter-
rogating information, by asking participants why questions during encoding is useful for
memory retention, possibly due to its assistance with organising knowledge. Applied
to the testing effect, retrieval practice is proposed to be beneficial because informa-
tion, through more extensive processing channels, becomes integrated into long-term
memory, as opposed to accessibility being temporarily boosted due to restudy. It is the
additional processing that serves as cues to the items to be retrieved at a later time.
Yet, the exact nature of what is helpful about the additional processing has not been

clearly established.

In 2006 Carpenter and DelLosh suggested evidence for elaborative retrieval as an
explanation of the testing effect. The study was designed to look at whether transfer
appropriate processing or elaborate processing is more instrumental to the testing ef-
fect. Participants were instructed to retrieve items of single words from a previously
presented list with as few cue letters as possible, although they could ask for as many
letters as required to retrieve each word (experiment two). When fewer cues were
used to retrieve the item, items were retrieved to a greater extent during a free recall
task than the items retrieved with more cue letters initially. This finding was replicated
in experiment three when the number of cues available during retrieval practice was
directly manipulated. Authors suggested this to be evidence of more elaborate pro-
cessing during retrieval leading to a greater benefit of retrieval practice. Meaning that

when fewer cues are available during the retrieval practice task, the amount of elab-
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orate processing required to retrieve the item increases. This elaborated information
becomes associated with the item, which boosts the available cues during the final re-
trieval attempt (McDaniel & Masson, 1985). This idea was later specified to a greater

extent by Carpenter (2009).

Elaborate Retrieval Hypothesis

Following on from the earlier study (Carpenter & DelLosh, 2006), Carpenter (2009)
looked to formalise a new explanation of the testing effect drawing on the strengths
of evidence from effortful processing and aiming to avoid the shortcomings associ-
ated with the transfer appropriate processing account. Carpenter sought to examine
whether the elaborate retrieval hypothesis could explain the testing effect. The hy-
pothesis proposed that retrieval practice benefitted more from elaboration than restudy
practice. Elaboration occurs when searching memory for the correct item during re-
trieval practice, the items searched in memory become useful cues during the sub-
sequent search at final test. Strongly and weakly associated word pairs were utilised
as study materials across two experiments. Carpenter hypothesised that support for
the elaborate retrieval hypothesis would be demonstrated if there was a larger testing
effect seen for the weaker associate pairs than for the stronger associate pairs. This
is because during the retrieval practice task it is suggested that the weaker associate
pairs undergo a larger, more elaborate search of memory. This activates more items
in memory that later serve as efficient cues to retrieval during the final test. This is
the first testable way to assess an aspect of difficulty inherent in the study materials in

relation to the testing effect.

The results of experiment one (Carpenter, 2009), where short mixed lists of strong
and weak associated word pairs were learned (8 item lists) in a fully within-subjects
design, showed a clear benefit for learning the weaker associate pairs through re-
trieval practice. This was revealed through greater retention rates of the weaker asso-
ciates compared to the stronger associates from initial to final test, as indicated by a

significant interaction. In addition, the final test performance comparison between re-
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trieval practice and restudy, revealed an interaction in favour of better recall for retrieved
weaker associates over restudy, than for the equivalent stronger associates. However,
the second experiment which was fully between-subjects and where longer pure lists
of weak and strong associates were learned (48 item list), did not show the same level
of convincing evidence, as no testing effect advantage for the weaker associate was
seen at final test based on absolute accuracy comparison. Yet, Carpenter reported
that the weaker associates in both experiments demonstrated evidence of shallower
forgetting curves. This was evidenced by the interactions between strong and weak
associates from initial to final test in both experiments. There was also an inclusion
of a conditional analyses for the testing effect data for experiment two, whereby final
test accuracy for the retrieval practice group was calculated as a proportion of correctly
recalled items during the initial test. In this analysis a weaker associate advantage was
revealed. While conditional and absolute accuracy at final test have been used previ-
ously to calculate the testing effect, it is largely understood that a conditional analysis
will exacerbate the role of item effects or memory strength in the testing effect (Kornell
et al., 2011). There are additional questions surrounding the fact that the design in
experiment two was between-subjects, which we now understand to evoke larger test-
ing effects (Rowland, 2014), and included a longer list format, which we would hope
the effect would be more robustly applied to. Taken together, this suggests that there
could indeed be other explanations for these results, or at least these results should be
followed up in relation to the phenomena we expect to find associated with the testing

effect today.

The evidence reported by Carpenter appears to be compelling for an elaborate re-
trieval explanation of the testing effect. Whereby, retrieval practice shows a favourable
boost to items that require more elaboration to retrieve (weaker associated items). Fur-
thermore, this explanation benefits from having some intuitive appeal. However, criti-
cisms of the ERH have been found more recently, where studies have failed to show
that increasing elaboration during study practice is as beneficial as retrieval (Karpicke &

Smith, 2012; Lehman & Karpicke, 2016). Evidently, there are some issues associated
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with the ERH, however, the idea that elaboration of some kind is important for retrieval
is still a supported notion in work on the testing effect. To this end an alternative it-
eration of the importance of elaboration to the testing effect has been presented and
has received more empirical support, which is the mediator effectiveness hypothesis

(Carpenter, 2011; Pyc & Rawson, 2010).

Mediator Effectiveness Hypothesis

The mediator effectiveness hypothesis, suggests that when mediating information is
processed during retrieval, this can subsequently be used to effectively cue retrieval at
a later date. Mediating information is thought of as information that can help form links
between cues and targets. For example, mediating information might take the form
of an associated semantic network being activated during the encoding phase, which
subsequently assists retrieval in a similar way to the ideas contained in the elaborate
retrieval hypothesis. However, inconsistent with the ERH, this perspective suggests
that when stronger linking information is more accessible during retrieval practice, it is

likely to be more beneficial to retrieval practice than weaker linking information.

Early work into the concept that supplementary or mediating information is bene-
ficial to retrieval, found that implicit associations that are activated during stimulus list
presentation could explain subsequent false recognition (Underwood, 1965). Results
of this study showed that lures in a recognition test were falsely recognised based on
the frequency of presentation of their associated target word, suggesting stronger acti-
vation of this information influenced subsequent memory for the item. Similar work has
shown that implicit associations or mediating information can even be falsely recalled in
a free recall task (Roediger & McDermott, 1995), suggesting that this information could
be important for retrieval processes. Mediating information can also be supplied rather
than implicit associations (Carpenter & Yeung, 2017), as when items low in meaning
are supplied with meaningful contextual information, they become more memorable
(Crouse, 1967). This concept is also relevant to work on learning new vocabulary,

whereby keywords generated by the individual serve to form a helpful link between
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familiar and unfamiliar concepts and guide retrieval (McDaniel & Pressley, 1989).

This idea was picked up and extended in relation to the testing effect in a study
by Pyc and Rawson (2010). In this study participants were required to learn Swahili-
English cue-target word pairs. While studying the pairs, participants initially generated
mediating information to help them associate the cue with the target. The mediating
information was to help them subsequently recall the pair and took the form of a word
that sounded like the cue but was semantically similar to the target. For example, a
participant generated mediator for the pair wingu-cloud, might be wing. Participants
were required to recall the mediating information at each restudy opportunity. In the
test-restudy practice condition, participants were given three cued recall attempts in
addition to the restudy trials, to recall the target from the cue. At final test one week
later, results showed participants retrieved more target words and mediators in the
test-restudy condition than the restudy condition. This was suggested to be due to
memory for mediators being enhanced in the test-restudy condition, in comparison to
the restudy condition. Furthermore, the test-restudy condition was thought to make
better use of effective mediators between the cue and target. For example, in the test-
restudy condition ineffective mediators would be more likely to be upgraded for more

effective mediators following a retrieval error.

In a test of this view of elaboration, work by Carpenter has found that semantically
related items with a greater number of mediators associated with them benefit more
from testing than items with fewer mediators (Carpenter, 2011; Carpenter & Yeung,
2017). This work suggested a central role for mediators in the mechanisms of the
testing effect, the larger the network of mediators the greater the benefit of testing.
However, recent work that examined a more explicit use of mediators in the learning
of semantically associated word pairs, found that being able to recall the mediator at
final test did not influence the magnitude of the testing effect (Cho, Neely, Brennan,
Vitrano, & Crocco, 2017). This suggests that the role of mediators in the testing effect
might not be as straightforward as previously suggested by Carpenter and colleagues,

yet further work is required to ascertain the use of mediators in the phenomenon of the
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testing effect.

While mediating information like keyword mnemonics have shown promise for boost-
ing memory for unassociated concepts, the benefit of utilising keyword mnemonics with
retrieval practice has not been fully explored in relation to the direct effects of testing.
As Pyc and Rawson’s study included feedback in the form of test-restudy trials and
we already know testing is more efficient when accompanied with feedback (Rowland,
2014), further work is required to disassociate the benefit of mediating information to
retrieval practice, to the benefit to retrieval practice with accompanying feedback. Due
to the fact that this has the potential to provide a welcome learning outcome in linking
unfamiliar concepts to existing knowledge, more work is required to assess the utility

of using mediating information in the learning of unfamiliar concepts.

Although this section has outlined some of the ideas of how elaboration could play
a role in the testing effect, it is still not clear to what extent it does or exactly what
form elaboration takes and in what way it can be beneficial. However, as already
outlined there is a consistent idea that has been explored in relation to retention, which
is that meaningful processing could be a relevant aspect to the testing effect. Relatively
few studies have explored this concept in any detail, or in the specific ways that have
allowed greater understanding of the direct effects associated with retrieval practice.
Below | will reiterate where meaningful processing could be relevant to the testing

effect and in what ways it will be further explored herein.

Focus on Meaningful Processing

The evidence reviewed so far repeatedly suggests that meaningful processing could be
important to the testing effect. As already outlined at the start of the chapter, meaning-
ful processing will be thought of as processing with great value or significance and will
be explored here in relation to how processing items in ways that change their value or
significance impacts the magnitude of the testing effect. This will be assessed from a

number of different perspectives already detailed.

Experiments 1-4 will assess meaningful processing by examining the extent to
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which differences in the semantic relatedness of studied information benefits from re-
trieval practice. In experiments 1-3, an initial exploration of meaningful processing will
focus on the evidence for the elaborate retrieval hypothesis (ERH) (Carpenter, 2009).
As already highlighted, this work has not received much attention based on its original
form, yet has been often cited as a possible explanation for the testing effect. There-
fore, experiments 1-3 aim to test the strength of the original evidence and extend it in
line with the robust test-delay interaction effect seen in the literature (Adesope et al.,
2017; Rowland, 2014). In experiment 4, a different iteration of the importance of elabo-
ration to the benefit of testing will be examined, the mediator effectiveness hypothesis,
which suggests that retrieval practice is more beneficial for items that exploit mean-
ingful semantic networks (Pyc & Rawson, 2010). Crucially, this work has not explored
how direct effects of mediation impact the links formed between unrelated concepts.

Experiment 4 will explore this.

Experiments 5 and 6 will examine the impact of meaningful processing on the test-
ing effect based on the structural coherence of the study materials. As already high-
lighted, prose consistently produces greater testing effects (Adesope et al., 2017; Row-
land, 2014), suggesting organisation of study materials is significant for testing effects.
Yet work in the testing effect literature has not directly assessed this. However, this
concept has been explored in an analogous area of research, retrieval induced for-
getting, with promising results. Retrieval induced forgetting assesses whether items
not retrieved, but related conceptually to items that are retrieved, during a given re-
trieval episode are detrimentally impacted at final test. Empirical work in this area has
shown that items that are associated (M. C. Anderson & McCulloch, 1999) and organ-
ised (Chan, 2009) can benefit from retrieval-induced facilitation, in comparison to items
that are not associated and not organised. These items are thought to undergo less
retrieval-induced forgetting than items that are less meaningfully associated or organ-
ised. Crucially, this work is thought to apply to the testing effect (Chan, 2009), but has
not utilised a restudy control task. Therefore, in assessing whether structural proper-

ties are significant to testing effects this work is further followed up in experiments 5
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and 6.

Experiments 7-10 explore two aspects of meaningful processing, firstly by compar-
ing different retrieval practice tasks with appropriate restudy controls. As already high-
lighted studies have looked to compare what happens during the retrieval practice task
from a largely applied perspective, based on which practice task leads to the largest
testing effect. Results indicate that different practice tasks influence the testing effect
to different extents (Greving & Richter, 2018; Rowland, 2014), but the mechanisms
of these differences remain elusive. Studies have found however that what happens
during the retrieval practice task can influence what information is recalled (Brewer et
al., 2010) and when retrieval is more relational broader benefits in memory are seen

(Johnson-Laird et al., 1978).

This has been assessed more directly in the transfer testing effect literature, which
assesses more meaningful learning outcomes. For example, rather than asking par-
ticipants to recall a particular word that was previously seen and tested, the final test
might rephrase the question to ask for a different word seen, or ask that knowledge
tested during the initial test be applied to a novel problem. In this way transfer testing
effects assess the broader application to learning of the testing effect. Work in this
area has shown that differences in the retrieval practice task indicate differences in the
magnitude of the transfer testing effect. For example, when the retrieval practice task
encourages greater depth of processing through focused retrieval, or when the retrieval
task utilises increased elaboration, then improvements in transfer learning have been
seen (Butler, 2010; Endres et al., 2017; Hinze et al., 2013). However, these studies
once more suffer from utilising inadequate restudy control tasks. Therefore experi-
ments 7-10 address meaningful processing based on differences in retrieval practice
tasks when the restudy task is matched and the final test requires both direct retention

and transfer learning.

It is important to also note, that the key findings outlined earlier in this chapter will
inform the perspective that this investigation takes. As already highlighted, much of

the work on the testing effect has taken an applied approach. From this viewpoint,
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questions like how much can retrieval practice boost learning in relation to some other
study strategy and what conditions make testing most effective have been in focus.
This approach has been necessary to date, however in an effort to focus the current in-
vestigation on the mechanistic properties of the testing effect in light of the key findings
and in relation to meaningful processing, the experiments enclosed will: 1) Assess the
direct effects of testing, this is testing without the accompaniment of multiple feedback
opportunities. 2) Assess the impact of testing under design conditions that boost the ef-
fect, namely with a delay of more than one day to final test and with a between-subjects
manipulation of the test and restudy conditions. By using this approach consistently,
an ability to compare the studies based on these similarities will be established and

further conclusions about the mechanistic properties of the effect should be gleaned.
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Chapter 2

Revisiting the foundations of the Elaborate

Retrieval Hypothesis

Chapter one identified one area of meaningful processing that is necessary to ex-
plore, which is how differences in the relational properties of items can contribute to
the magnitude of the testing effect. The elaborate retrieval hypothesis suggests that
items that require more effort to retrieve, based on the links that are able to be formed
between them, should benefit more from retrieval practice. The current chapter re-
visits the formative results from the ERH to address the extent to which differences
in meaningful processing based on elaborate retrieval, relates to the testing effect.
Three experiments in this chapter will explore this concept, by extending Carpenter’s
original work in line with more recently established phenomena in the field.

Introduction

In starting to examine how meaningful processing might impact the testing effect, first,
meaningful processing based on the relatedness of items being studied will be ex-
amined. Direct manipulation of meaningful properties of the study materials has not
received much attention in relation to the testing effect (Karpicke, 2017). However, a
particular view of elaboration theory, the elaborate retrieval hypothesis of the testing
effect, suggests that meaningful aspects of the study materials might be key to testing
effects. The elaborate retrieval hypothesis, as outlined by Carpenter (2009) and high-
lighted in chapter one, has garnered much attention over the last eleven years. At the
time of writing it has been cited 475 times and many of these citations have endorsed
the principles of elaborate retrieval as an explanation for the testing effect. With its
foundations in theoretical and empirical work that underpins many aspects of memory
research, the elaborate retrieval hypothesis, to its merit, holds a great deal of intuitive

appeal. Influences in this area stretch back a long way and have evolved over several
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decades (Roediger, Gallo, & Geraci, 2002). These studies have shown that processing
items during encoding in multiple ways through multiple /evels increases later memory

(Craik & Tulving, 1975; Einstein et al., 1990; Willoughby et al., 1994).

The description that Carpenter initially gives is rooted in levels of processing through
semantic associate networks, but also incorporates elements of effortful retrieval in
hypothesising the benefits associated with increased elaboration during retrieval. In
this way items that benefit from deeper levels of processing, through activation of an
existing strong association network for example, might not require the same level of
elaboration during retrieval practice and therefore not benefit in the same way from
retrieval practice, as items that are subject to shallower levels of processing. This
perspective suggests that both how the materials are encoded, or the level of process-
ing during the study task, and the subsequent retrieval processes associated with the
learning of this material is important to the testing effect. This is something that has
been under-explored (Karpicke, 2017) and thought to be important for understanding

retrieval processes (Tulving & Thomson, 1973; Van Gog & Sweller, 2015).

In 2009, Carpenter proposed the elaborate retrieval hypothesis as an explanation
for the testing effect. This perspective examined whether increased memory search as
a proxy for more elaboration during the retrieval process could lead to a greater benefit
of testing. To explore this, strongly and weakly associated word pairs were used as
study materials. Participants completed a typical testing effect paradigm, whereby a
list of word pairs were studied once by all participants, the list was then either restud-
ied, or tested, before participants completed a final test on the list. In this instance
test practice involved showing participants the cue word learned during study practice
and testing whether participants could recall the target word it was paired with. The
final test was free recall of the target words. In this experiment, the strong and weak
associate word pairs represented a theorised difference in the amount of elaboration
required to retrieve each target word. The weaker associates were thought to require
a more elaborate memory search, based on the weaker processing during encoding.

Subsequently this more elaborate memory search activates more helpful memory links
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that are utilised by the learner at a later retrieval point.

The hypothesis was supported across two experiments with four key pieces of evi-
dence. The two experiments differed slightly in design which is worth detailing further
here. In experiment one the design was fully within-subjects; participants learned 6
lists of 8 word pairs, three of which were learned via test practice and three via study
practice. In each list the number of strongly and weakly associated word pairs were
matched and randomly presented. In experiment two the design was fully between-
subjects, each participant learned one list of 48 purely strongly or weakly associated

word pairs, through either restudy or test practice, giving four conditions.

There are four key findings in support of the elaborate retrieval hypothesis given
in this paper. Firstly, results from experiment one showed an interaction between the
associative strength of the word pairs and the amount of retrieval at the initial test com-
pared to the final test, showing that the weaker associates demonstrated less forgetting
between the initial test and the final test than the stronger associates. This finding was
also replicated in experiment two. Secondly, evidence was provided based on the final
test data, whereby the association strength of the word pairs (strong, weak) interacted
with the type of practice utilised to learn them (restudy, test). This analysis is the test-
ing effect analysis. As such in experiment one, the testing effect analysis also demon-
strated that weaker associates benefited more from retrieval practice than stronger
associates, when compared to equivalent items that had been restudied. However, the
testing effect analysis did not show the same result in experiment two. With an alterna-
tive form of analysis however, termed conditional analysis, evidence was shown for the
testing effect interaction in experiment two. The conditional analysis was computed as
a proportion of correctly retrieved items during the retrieval practice task. This form of
analysis is suggested based on the idea that retrieval practice is maximally beneficial
when the item has been successfully retrieved (Runquist, 1983), consistent with the
bifurcated distribution account (Kornell et al., 2011). When participants had correctly
retrieved the item during the practice phase, then the proportion of weaker associate

pairs retrieved at the final test was greater in comparison to their restudy equivalents
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than the stronger associate pairs.

Carpenter further demonstrated two pieces of evidence based on ratings and re-
sponse times collected during the task, that suggested that elaborate retrieval could
explain the benefit found. The weaker pairs were rated as less related and took longer
to retrieve during the retrieval practice phase. This suggested that the weaker asso-
ciates required a longer, more elaborate memory search than stronger associates, that
were quicker and therefore easier to retrieve. The weaker associates were therefore
more likely to benefit from the greater amount of information being activated during this

longer memory search during a later retrieval attempt.

This evidence taken together seems to be compelling evidence for a benefit for
longer, more elaborate retrieval leading to a greater retrieval benefit. However, these
results are yet to be directly followed up. In attempting to follow-up these results in
exploring the contribution of meaningful processing in the study materials to the testing
effect, potential reasons for the less robust evidence found in experiment two will be
further explored. One reason for the comparatively lower retrieval rates shown in ex-
periment two than experiment one, could be due to the longer list format of experiment
two combined with the final free recall test, which resulted in lower accuracy rates. As
free recall and cued recall final tests show mostly equivalent effect sizes for the test-
ing effect (Rowland, 2014), it would seem sensible to instead of giving a free recall
final test, giving a cued recall final test. This should boost final retrieval scores and
therefore also boost the variation in scores to maximise the likelihood of detecting any

differences.

A second potential reason for the lack of consistent evidence across the two ex-
periments, could have been that a short delay (5 minutes) to the final test that was
utilised. In wider testing effect research a test-delay interaction can be seen, in which
the testing effect becomes larger with time (Adesope et al., 2017; Roediger & Karpicke,
2006b; Rowland, 2014). The magnitude of the effect is typically around 50% greater
when the results extend beyond 1 day (Adesope et al., 2017; Rowland, 2014). There-

fore, a further way that we could examine the efficacy of these results would be to
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extend the findings from this study, to include a greater delay to final test. If test prac-
tice is more effective when the target undergoes a longer memory search, indicative
of greater elaboration occurring, then we would expect the testing effect to reflect this

greater benefit for the weaker associates as the delay to final test increases.

While the evidence from Carpenter’s two experiments show some inconsistencies,
addressing the reasons for this with amended design features in this chapter will allow
for a clearer examination of the contribution of meaningful processing of the study ma-
terials to the testing effect. The three experiments given in this chapter will; firstly repli-
cate Carpenter’s findings with similar materials and design (experiment 1), secondly
extend this initially with a final cued recall test (experiment 2) and finally, to maximise
the magnitude of the testing effect with these materials and therefore maximise the like-
lihood of finding supporting evidence for the elaborate retrieval hypothesis, both a final

cued recall task and an increase in delay to the final test will be utilised (experiment 3).

Experiment 1

Experiment one is designed to replicate the findings from Carpenter (2009), experiment
2. Experiment 2 was chosen for two reasons. Firstly, the utility of the testing effect in
higher education and self-testing is likely to be greater if tests can be employed fol-
lowing the study of a good amount of learning materials. Studying with particularly
short lists (Carpenter, 2009, experiment 1) represents a somewhat artificial examina-
tion of the effect. Secondly, there are some known artifacts associated with learning
from shorter mixed lists. For example, when lists to be learned are made of a mixture
of high and low frequency items (with 16 items or fewer), a free recall benefit is seen
for low frequency items (McDaniel & Bugg, 2008; Ozubko & Joordens, 2007). This
is thought to be because low frequency items enjoy greater encoding, perhaps due to
their noticeable distinctiveness relative to the high frequency items in short lists. There-
fore replicating with longer lists was felt to be a more robust and more generalisable
design to use. A similar design to that reported in Carpenter was utilised, adopting a

list length of 40 associated word pairs and a within-subjects design. With the changes
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made to the design, experiment 1 ensured that results would be comparable to Car-
penter's before attempting to extend the results to include further amended design
elements in experiments 2 and 3. In addition to a replication, the initial experiment
also explored whether the inclusion of feedback as part of the retrieval practice task
would influence results in support of ERH. This was due to the fact that elaboration ef-
fects have been found to be boosted elsewhere when designs included feedback (Pyc
& Rawson, 2010), therefore to maximise the likelihood of replicating the interaction,

experiment 1 included a manipulation of feedback.

2.2.1 Methods

Participants and Design

Participants were students at the University of Plymouth (N = 60), aged between 18
and 30 years (M = 20.02 years, SD = 1.84), 83% female. Participants took part in the

study for course credit or were paid for their time at £8 per hour, £2 for each 15 minutes.

Experiment 1 utilised a 2 (practice task) x 2 (association strength) x 2 (test type)
mixed design, with practice task (restudy, test) and association strength of the word
pairs (strongly associated, weakly associated) as within-subjects factors and test type
(test only, test with feedback) as a between-subjects factor. Practice task was counter-
balanced by subject, participants allocated to the restudy practice task in the first list,
completed the second list as test practice and vice versa. Therefore, each participant
completed both a study list and a test list and each participant was randomly allocated

to test type as either test only or test with feedback.

Sample Size Calculation

To determine the sample size, the calculation was based on finding a medium interac-
tion term, where Carpenter had found large interactions based on the time phase anal-
ysis in both experiments. Calculating in G*Power (Faul, Erdfelder, Buchner, & Lang,
2009) based on a medium effect size, nf, = 0.06, with increased power to detect this

effect at .95, gave a total sample of 54 participants, based on a 2 x 2 within-subjects
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design.

Materials

The word pairs used were very similar to those used in Carpenter’s study, with some
minor changes. Firstly, two targets were matched to the same cue as opposed to
matching two cues to the same target. This ensured that the association network of
the cues was matched for both strongly and weakly associated pairs. It also ensured
that the strongest mediator of the weakly associated pairs was controlled for. The word
pairs consisted of a noun cue word that was taken from the MRC Psycholinguistics
database (Wilson, 1988), was between 5 and 7 letters long and had a frequency value
of between 20 and 100 per million. All cues were the same for weak and strong asso-
ciates, meaning that imageability, concreteness and familiarity were the same for the
cue words across the two sets. Both weak and strong target words that were linked to
each cue were constrained based on their association strength to the cue word. Both
the strongly and weakly associated target words in each pair were taken from Nelson’s
association norms (Nelson, McEvoy, & Schreiber, 1998). The associate strength of
each target was calculated based on survey data, for how often participants mentioned
each of the forward associates as a percentage. Each noun target was between 5 and
8 words long and each strongly associated target was the strongest associate of the
cue word and ranged in value from .15 to .54 with an average associative strength of
.32. Each weakly associated target was either the weakest associate, or one of the
weakest associates if several words were of equal association strength. Weakly as-
sociated targets ranged in value from .01 to .09 with an average strength of .014 and
were not a forward associate of any of the remaining cue words. Each participant saw
a total of 82 word pairs, consisting of 2 practice items followed by 2 lists of 40 word
pairs. For each participant each list consisted of 20 randomly generated weakly asso-
ciated pairs and 20 randomly generated strongly associated pairs. Each cue was only
viewed once across both lists for each participant. All participants saw the same two

practice items, which were both strongly associated pairs. A new random presentation
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of each list of 40 word pairs was given for the study and practice phases. An example
of a strongly associated cue-target pair is barrier-wall, with an example of the same
cue, with a weakly associated target pair is barrier-bridge. The full list of cue-target

pairs can be found in appendix A.1.

Procedure

Participants were recruited to take part through the University of Plymouth SONA par-
ticipant pool management software. Participants were tested either individually or in
groups of up to six people. For the duration of the experimental session, participants
sat at a partitioned desk with their own PC. Participants wore headphones throughout
the task. The presentation of the two lists to be learned followed the same procedure,
each with a study phase, a practice phase and a final test phase. The study and prac-
tice phases were presented in E-Prime 3.0 software (Psychology Software Tools, Inc,
Pittsburgh, PA, 2016) and the final test phase was completed with pen and paper. Par-
ticipants received two practice items prior to starting the first list, which included an
example of both a study and a test trial specific to the condition the participant had
been allocated to, either test only or test with feedback. The practice items consisted
of an example of two strongly associated word pairs, the cue-target associations were
the same across participants. Participants were informed that the types of trials for the
practice phase could be either restudy practice trials or test practice trials, so partici-
pants did not know in advance of the practice phase which trials they would have on

each list. This was done in order to minimise attention bias to either of the lists.

For the study phase all forty word pairs in list one were presented; each word pair
was presented for 4 seconds. After 4 seconds the question, To what extent are these
items related? appeared on the screen. This question was presented to ascertain
whether participants were able to detect the differences in association strength be-
tween the strong and weak associate pairs. Participants were instructed to make a
response on the keyboard between 1 and 5; 1 = unrelated and 5 = very related. After

participants made their response a 500ms blank intertrial interval preceded presenta-
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tion of the next word pair.

Following presentation of all 40 items on the first list in the study phase, participants
complete a two minute task of either a number search or a suduko puzzle. A numerical
filler task was chosen for the break, to minimise the likelihood of participants rehears-
ing something associated to the studied materials. This was presented on a double
sided piece of paper and participants were instructed to complete this as they wished
whenever a break was indicated. A tone was played through the headphones once the

two minutes had elapsed.

The practice phase followed the study phase for each list, participants saw the
same 40 word pairs again in a new random order, either as restudy practice items, with
the same presentation format as in the study phase (see above), or as test practice
items. Test practice items were either as test only or test with feedback. In the test
only condition, participants saw the cue word, with the prompt. Can you remember the
target word? Participants were instructed on screen to either press the space bar and
type in the word that they recalled or to press the space bar and type in no if they could
not remember the target word. Once participants had entered a word they pressed
enter for the next practice trial. For participants in the test with feedback condition,
once they had pressed enter they saw the word pair on screen again for 3 seconds.
Each trial was followed by a 500ms blank intertrial interval before the next cue word

was presented.

Following presentation of the practice phase, participants completed a five minute
task, during this time participants again completed either a number search or a suduko

puzzle.

All participants then completed the final test phase for list one. The final test was a
free recall test for the words pairs that had been studied for list one and was completed
with pen and paper. Participants were instructed to recall as many word pairs as they
could, they were also instructed to write down any individual words that came to mind
for which they could not remember the correspondingly paired word. Participants were

instructed to recall all word pairs and words in order not to bias their attention on the
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second list. However, only successful target recall in a retrieved word pair was counted
as successful retrieval. Participants were given six minutes to complete the free recall
task for each list.

Following completion of the final test phase on list one, participants completed a 5
minute task, of a number search or suduko puzzle, before proceeding to list two. List
two followed the same procedure as list one, except with the alternative practice task
(if the first list was restudy practice, the second list was test practice and vice versa).
After the final test phase was completed for list two, participants were debriefed and
thanked for their time. In experiment 1, the procedure took approximately 45 minutes

and was completed in one session.

2.2.2 Results

All analyses were computed in JASP (JASP Team, 2020) and replicated the main anal-
yses reported in Carpenter (2009), detailed in the introduction to this chapter. All fre-
quentist analyses where appropriate are given with the results of bayesian equivalent

analyses. Descriptive statistics are given for the main effects of interest in table 2.1.

Coding Responses

Items were coded blind to condition. Plurals incorrectly present or absent, obvious
spelling mistakes and two letter changes to make up correct words (but not another
word) were coded as correct. Intrusions were classified as such, however as the num-

ber of intrusions were negligible no formal analysis was possible.

Ratings and Response Times

First analysed, was whether there were differences in the judgements of the relat-
edness for the strongly and weakly associated word pairs. A paired samples t-test
revealed that in line with Carpenter’s results, the strongly associated word pairs (M =
4.15, SD = 0.37) were judged to be more related than the weakly associated word pairs
(M =3.49, SD = 0.44), t(59) = 21.12, p < .001, d = 2.73, BF;y > 150 (8.536e+25). In

addition, t-tests were computed comparing response times during the initial test phase
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Table 2.1
Initial and Final Test Accuracy in Experiments 1-3 as a Function of Practice Task and
Association Strength of Word Pair

Initial test Avg Final test Avg

Practice task  Strong Weak IT Strong Weak FT

Experiment 1 (n=60%)
Restudy n/a n/a n/a .23(0.10) .23(0.12) .23(0.09)
Test only .80(0.40) .63(0.25) .71(0.18) .29(0.05) .25(0.05) .27(0.09)
Test with FB  .83(0.45) .66(0.20) .75(0.14) .29(0.10) .30(0.05) .29(0.07)
Test Avg .82(0.14) .64(0.20) .73(0.16) .29(0.11) .27(0.11) .28(0.08)

Experiment 2 (n=30)
Restudy n/a n/a n/a .94(0.10) .85(0.14) .89(0.11)
Test .89(0.16) .80(0.12) .84(0.12) .90(0.11) .78(0.17) .84(0.12)

Experiment 3 (n=30)
Restudy n/a n/a n/a 47(0.21) .23(0.16) .35(0.18)
Test .82(0.17) .69(0.20) .76(0.17) .60(0.22) .38(0.20) .49(0.20)

Note. The values represent mean percentages of target words recalled, SDs given in paren-
theses. *Test condition was between-subjects, for each test condition n=30.

between strongly and weakly associated pairs. In line with Carpenter’s results, both
correct responses (strong, M = 1803, SE = 54.88; weak, M = 2132, SE = 78.38) and
all responses (strong, M = 2042, SE = 69.14; weak, M = 2740, SE = 129) showed
quicker response times for the strongly associated word pairs compared to the weakly
associated word pairs (correct responses, 1(59) = -4.89, p <. 001, d =-0.63, BFo >
150 (2187); all responses, #(59) = -6.07, p < .001, d =-0.78 , BF;o > 150 (141079)).
These findings suggest that participants take longer to search memory for the weakly
associated word pairs during retrieval practice, which is consistent with the claims of

the elaborate retrieval hypothesis.
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Main Analyses

Next, the three main findings relevant to this replication are assessed. The first being
the interaction between weakly and strongly associated word pairs, from initial practice
test accuracy to final target word recall, this will be termed test phase comparison. The
second finding is an interaction for the testing effect, between practice task and asso-
ciation strength, which detects whether a testing effect interaction is present. The third
is an interaction for the testing effect where accuracy is recorded based on whether
items were accurately retrieved during the initial test. This will be termed conditional
analyses. In each case a greater benefit for the weak associate pairs is expected than

for the strong associate pairs.

Test phase comparison. Carpenter (2009, Experiment 2) found that for initial
test performance, strongly associated word pairs showed better recall than weakly as-
sociated word pairs. Furthermore, this pattern interacted with the results at final test,
such that there was no longer an advantage for the strongly associated word pairs on
the final test. To test whether the current results are consistent with these findings, a
2 (test phase; initial test, final test) x 2 (association strength; strong, weak) x 2 (feed-
back; present, absent) mixed ANOVA was conducted, with test phase and association
strength as within-subjects factors and feedback as a between-subjects factor.

The same pattern found by Carpenter is reported here and is depicted in figure 2.1.
There was a strong effect of test phase, with initial retrieval accuracy (M = .73, SD =
0.16), being greater than final test accuracy (M = .31, SD = 0.09), F(1,58) = 746.31, p
< .001, n[% =.93,BFy > 150 (1.705e+65). This was to be expected with the difference
in test format between the initial (cued recall) and final test (free recall) phases.

There was evidence for a main effect of association strength, with strong asso-
ciates (M = .56, SD = 0.10) retrieved more often than weak associates (M = .30, SD =
0.12), F(1,58) = 49, p < .001, nl% = .46,BF o = 5.49. This analysis was not previously
reported by Carpenter. A significant interaction between test phase and association

strength was found, F(1,58) = 47.75, p < .001, npz = .45,BF o > 150 (273586.44) (in-
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Figure 2.1. Mean target retrieval as a function of test phase and association strength
in experiment 1. Error bars depict the standard error of the mean with adjusted calcu-
lations for within-subjects designs as given in Morey et al. (2008).

teraction bayes factor terms in this text are given for matched models effects in JASP
as suggested by van den Bergh et al., 2020). There was no main effect of feedback
and this did not interact with any effects of interest, Fs < 1.40. Follow-up one-way
ANOVAs revealed this to be in the predicted direction, with differences found between
strong associate and weak associate target retrieval accuracy at initial test, F(1,58)
=104.72, p < .001, BFyp > 150 (4.973e+11), but not at final test, F(1,58) = 0.65, p
= 0.42, BF;o = 0.26. A directional bayesian t-test assessed the evidence in favour of
the elaborate retrieval hypothesis, that the rate of decay for the weak associate pairs
was less than the rate of decay for the strong associate pairs, set with a default prior.
Difference scores were calculated between initial test accuracy and final test accu-
racy (initial test score - final test score) for both the weak (weak difference score) and
strong associates (strong difference score). The bayesian t-test assessed the strength
of evidence that the weak difference score < strong difference score, results revealed

extreme evidence in favour of this prediction, BF o > 150 (5.601e+6).
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Testing effect. To examine whether final test performance would reflect this re-
trieval practice advantage for weaker associates, a further 2 (practice task; restudy,
test) x 2 (association strength; strong, weak) x 2 (feedback; present, absent) mixed
ANOVA was conducted, with practice task and association strength as within-subjects
factors and feedback was a between-subjects factor. Consistent with Carpenter’s re-
sults, a main effect of practice task was found, with test practice (M = .28, SD = 0.08)
resulting in better retrieval of targets than restudy practice (M = .23, SD = 0.09), F(1,
58) =17.43, p < .001, n; =.23,BFy > 50 (160.57). There was no effect of association
strength, with equivalent retrieval of targets seen for the strong associates (M = .26,
SD = 0.09) and the weak associates (M = .25, SD = 0.09), F(1,58) = 0.37, p = .55,
nﬁ = .006,BF 1o = 0.16. Furthermore, there was no interaction between practice task
and association strength, F(1,58) = 0.33, p = .57, 77,% =.006,BF o = 0.23. These results
are depicted in figure 2.2. Instead evidence for the lack of an interaction is given based
on the bayes factor reported, whereby the evidence suggests that Hy is 4.35 times
more likely than Hy. This suggests positive or substantial evidence in favour of the
null hypothesis of no interaction (Jarosz & Wiley, 2014). There was no main effect or

interaction with feedback, therefore this factor is not further reported here, Fs < 3.10.

Conditional analyses. Finally, a conditional analysis was conducted, with final
test accuracy measured as a proportion of initial test accuracy for the test practice
trials, consistent with the analysis completed by Carpenter. A final 2 (practice task;
restudy, test) x 2 (association strength; strong, weak) x 2 (feedback; present, absent)
mixed ANOVA was computed, with practice task and association strength as within-
subjects factors and feedback was a between-subjects factor. Results mirrored the
main results found in the testing effect analysis, with a main effect of practice task,
whereby target retrieval for test practice trials (M = .31, SD = 0.09) was greater than
target retrieval for restudy practice trials (M = .23, SD = 0.09), F(1,58) = 33.49, p <
.001, 7?,% = .37,BFy > 150 (136340.86). Again, no main effect of association strength

was found, with strong (M = .27, SD = 0.09) and weak associate target retrieval (M =
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Figure 2.2. Mean target retrieval at final test as a function of practice task and associ-
ation strength in experiment 1. Error bars depict the standard error of the mean with
adjusted calculations for within-subjects designs as given in Morey et al. (2008).

.28, SD = 0.09) showing equivalent recall rates, F(1,58) = 0.57, p = .45, n; = .01, BF ¢
= 0.17. Once more there was no evidence for an interaction, F(1,58) = 0.42, p = .52,
77,% =.007,BF o = 0.24. Instead, there is again positive or substantial evidence in favour
of the null hypothesis, the evidence suggests that Hy is 4.17 times more likely than H;.
Results for feedback showed an interaction with practice task, but results were not in

line with the hypotheses. '

2.2.3 Discussion

The results from experiment 1 replicated the main findings from Carpenter (2009, ex-

periment 2), suggesting that the materials used here are a good match to those previ-

"There was a main effect of feedback found on the conditional analysis, with feedback absent resulting
in greater accuracy (M = .30, SD = 0.06) than when feedback was present (M = .25, SD = 0.08), F(1,58)
=7.76, p < .01, 773 =.12,BF ¢ = 3.07. Feedback further interacted here with the practice task, F(1,58)
=4.76, p = .03, Th% = .08,BF ¢ = 1.46. Follow-up one-way ANOVAs here based on restudy compared
to conditional test when feedback was present versus when it was absent, showed that this was due
rather unexpectedly to there being a larger difference between restudy and conditional test scores when
feedback was absent (Restudy: M = .24, SD = 0.08, Test: M= .35, SD = 0.08), F(1,29) = 30.68, p < .001,
nf, =.51,BFy > 1000) than when it was present (Restudy: M = .22, SD = 0.10, Test: M = .27, SD =0.08),
F(1,58) = 8.82, p < .01, ’71% = .23,BF ¢ = 8.23). Feedback did not further interact with any of the factors
of interest.
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ously used by Carpenter and suitable to utilise in the follow-up experiments. The mea-
sures of relatedness indicated that participants viewed the stronger associate pairs as
more related than the weaker associate pairs. In addition, participants took longer to
retrieve the target words from memory for the weaker associate pairs during the initial
test practice task. Consistent with the ERH this could indicate that a greater search of

memory is being conducted during retrieval practice of the weaker associate pairs.

As with Carpenter’s findings, test phase was found to interact with association
strength, showing that the weaker associate pairs benefited more from the final free
recall test following the cued recall initial test than the stronger associate pairs. How-
ever, somewhat surprisingly neither for the absolute accuracy or conditional accuracy
analyses did this translate to a larger testing effect at the final test for the weak