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Abstract

Many would agree that learning occurs when new information is stored in memory. Therefore, most learning efforts
typically focus on encoding processes, such as additional study or other forms of repetition. However, as I will outline
in this thesis, there are other means by which to improve memory, such as retrieval practice in the form of tests. Testing
memory has a reinforcing effect on memory, and it improves retention more than an equal amount of repeated study —
referred to as the testing effect — and it has been assumed that retrieval processes drive this effect. Recently, however, this
assumption has been called into question because of findings that suggest that articulation, that is, the act of providing an
explicit response on a memory test, may play a role in determining the magnitude of the testing effect. Therefore, in three
studies, I have examined the effects of retrieval and articulation on later retention, in an attempt to ascertain whether the
testing effect is entirely driven by retrieval, or if there are additive effects of articulation. I have also explored possible
boundary conditions that may determine when, and if, the effects of retrieval and articulation become selective with respect
to memory performance. In all three studies, participants studied paired associates and were tested in a cued recall paradigm
after a short (~5 min) and a long (1 week) retention interval, and retrieval was either covert (i.e., responses were retrieved
but not articulated) or overt (i.e., responses were retrieved and articulated).

In Study I, I demonstrated that uninstructed covert retrieval practice (by means of delayed judgments of learning)
produced a testing effect (i.e., improved memory relative to a study-only condition) similar to that of explicit testing,
which supports the idea that the testing effect is mainly the result of retrieval processes. In study II, I compared memory
performance for covert and overt testing, and found partial support for a relative efficacy in favor of overt retrieval,
compared to covert retrieval, although the effect size was small. In Study III, I further explored the distinction between
different response formats (i.e., covert retrieval vs. various forms of overt testing), specifically handwriting and keyboard
typing. I also examined the relative efficacy of covert versus overt retrieval as a function of list order (i.e., whether covert
and overt retrieval is practiced in blocks or random order) and its manipulation within or between subjects. The results of
Study III were inconclusive insofar as a relative efficacy of covert versus overt retrieval, with respect to later retention, could
not be demonstrated reliably. The list order manipulations did not appear to affect covert and overt retrieval selectively.
More importantly, in cases where a relative efficacy was found, the effect size was again small.

Taken together, the three studies that of thesis indicate that the benefit of testing memory appears to be almost entirely
the result of retrieval processes, and that articulation alone adds very little — if anything — to the magnitude of the testing
effect, at least in cued-recall paradigms. These findings are discussed in terms of their theoretical implications, as well as
their importance for the development of optimal teaching and learning practices in educational settings.

Keywords: festing effect, covert retrieval, overt retrieval, judgments of learning, delayed JOL effect, response format,
retention interval.
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An expert 1s a person who
has made all the mistakes
which can be made in a very

narrow field.
~Miels Bohr






Abstract

Many would agree that learning occurs when new information is stored in
memory. Therefore, most learning efforts typically focus on encoding pro-
cesses, such as additional study or other forms of repetition. However, as |
will outline in this thesis, there are other means by which to improve
memory, such as retrieval practice in the form of tests. Testing memory has a
reinforcing effect on memory, and it improves retention more than an equal
amount of repeated study — referred to as the testing effect — and it has been
assumed that retrieval processes drive this effect. Recently, however, this
assumption has been called into question because of findings that suggest
that articulation, that is, the act of providing an explicit response on a
memory test, may play a role in determining the magnitude of the testing
effect. Therefore, in three studies, I have examined the effects of retrieval
and articulation on later retention, in an attempt to ascertain whether the
testing effect is entirely driven by retrieval, or if there are additive effects of
articulation. I have also explored possible boundary conditions that may
determine when, and if, the effects of retrieval and articulation become se-
lective with respect to memory performance. In all three studies, participants
studied paired associates and were tested in a cued recall paradigm after a
short (~5 min) and a long (1 week) retention interval, and retrieval was either
covert (i.e., responses were retrieved but not articulated) or overt (i.e., re-
sponses were retrieved and articulated).

In Study I, I demonstrated that uninstructed covert retrieval practice (by
means of delayed judgments of learning) produced a testing effect (i.e., im-
proved memory relative to a study-only condition) similar to that of explicit
testing, which supports the idea that the testing effect is mainly the result of
retrieval processes. In study II, I compared memory performance for covert
and overt testing, and found partial support for a relative efficacy in favor of
overt retrieval, compared to covert retrieval, although the effect size was
small. In Study III, I further explored the distinction between different re-
sponse formats (i.e., covert retrieval vs. various forms of overt testing), spe-
cifically handwriting and keyboard typing. I also examined the relative effi-
cacy of covert versus overt retrieval as a function of list order (i.e., whether
covert and overt retrieval is practiced in blocks or random order) and its
manipulation within or between subjects. The results of Study III were in-



conclusive insofar as a relative efficacy of covert versus overt retrieval, with
respect to later retention, could not be demonstrated reliably. The list order
manipulations did not appear to affect covert and overt retrieval selectively.
More importantly, in cases where a relative efficacy was found, the effect
size was again small.

Taken together, the three studies that of thesis indicate that the benefit of
testing memory appears to be almost entirely the result of retrieval process-
es, and that articulation alone adds very little — if anything — to the magni-
tude of the testing effect, at least in cued-recall paradigms. These findings
are discussed in terms of their theoretical implications, as well as their im-
portance for the development of optimal teaching and learning practices in
educational settings.

Keywords: testing effect, covert retrieval, overt retrieval, judgments of
learning, delayed JOL effect, response format, retention interval



Sammanfattning pa svenska

Att ldra sig nya saker 4r till stor del beroende av var formaga att lagra in-
formation i minnet. Dérfor dr det vildigt vanligt att ménniskor, som vill lara
sig (och komma ihag) nagot, brukar ligga mycket tid och anstrdngning pa att
lagga saker pd minnet genom instudering och repetition, exempelvis genom
att ldsa kurslitteratur om och om igen infor en kommande tentamen. I den
hir avhandlingen diskuterar jag andra och bittre sitt att stdrka minnet, ex-
empelvis genom att dva sig pa att plocka fram information ur minnet genom
s.k. sjélvtestning. Att testa minnet har en forstarkande effekt pd den inform-
ation som testas. Detta &dr ett vilkdnt fenomen som kallas testeffekten, och
det som gor det intressant dr att langtidsminnet forbéttras mer av att férsoka
plocka fram information ur minnet dn av en motsvarande méngd instudering
av samma material eller information. Tidigare har det antagits att det &r just
framplockningen av information ur minnet som ir den bakomliggande pro-
cessen som driver testeffekten, men pé senare tid har &ven andra mojliga
processer implicerats, déribland artikulation. Med artikulation avses nigon
explicit form av uttryck for den information som testas, exempelvis genom
att sdga ett svar hogt, eller skriva ner det med papper och penna, eller pé ett
tangentbord for den delen. Idén ér att artikulation kan paverka hur stark test-
effekten blir, pd sa vis att information som bade plockas fram ur minnet, och
dérefter artikuleras pa négot vis, forstarks mer dn information som enbart
plockas fram men inte artikuleras. I tre studier har jag dérfor undersokt
denna fragestillning genom att jimfora effekterna av framplockning med
effekterna av artikulation for att undersoka vad det egentligen &r som driver
testeffekten. Ar det enbart framplockning, eller tillfor artikulation nagot yt-
terligare till effekten och dess styrka? Jag har ocksa ndrmare undersokt moj-
liga omstandigheter under vilka testeffekten paverkas i olika utstrackning av
framplockning respektive artikulation.

I samtliga experiment har deltagare studerat listor innehéllandes ordpar
(t.ex., piano — fingrar) for att senare bli testade. De visas det ena ordet (pi-
ano) och skall forsoka minnas och ange det andra ordet (fingrar). Deltagar-
nas minne testades dels efter fem minuter, och dels igen efter en vecka, och
testernas svarsformat manipulerades sa att de var antingen explicita (d.v.s.,
deltagarna forsokte plocka fram rétt svar ur minnet och artikulerade det se-
dan) eller implicita (d.v.s., deltagarna fick plocka fram informationen men
aldrig uttryckligen artikulera den).



Av Studie I framgick att framplockning som inte foljs av artikulation ledde
till en testeffekt pd ett liknande sdtt som i typiska testeffektsexperiment
(d.v.s., dir bade framplockning och explicit artikulation forekommer). Med
andra ord forstirktes minnet for information mer av att enbart plockas fram
ur minnet (men inte artikuleras) dn av att ater studera samma information
under en motsvarande mangd tid.

Studie II visade att deltagarna kom ihag fler av de ordpar som bade plockats
fram och artikulerats, &n de ordpar som enbart plockats fram men inte artiku-
lerats. Detta antyder att artikulation forstidrker testeffekten utéver vad som
redan &stadkommits av enbart framplockning, men effektstorleken var liten.

I Studie III undersoktes skillnader mellan olika former av artikulation, speci-
fikt att skriva for hand jamfort med att skriva pé ett tangentbord, med avse-
ende pa den fordel som eventuellt existerar for explicita test jaimfort med
implicita test. Darutéver undersokte jag ocksd om denna fordel beror pa
huruvida deltagare blir testade pd olika svarsformat (d.v.s., explicit eller
implicit) i slumpmassig ordning eller i block av @n det ena formatet, dn det
andra, och dessutom huruvida denna manipulation gjordes inom eller mellan
individer. Resultaten fran Studie III dr tvetydiga satillvida att en fordel for ett
svarsformat over ett annat (d.v.s., att explicita test férbattrar minnet mer 4n
implicita test) inte kunde pavisas pa ett tillforlitligt sitt. Att testa de olika
svarsformaten i block eller slumpmaissig ordning verkar inte ha haft ndgon
sdrskild betydelse for hur de forbattrar minnet, och heller inte huruvida
denna manipulation gjordes inom eller mellan individer. I de fall dér en
skillnad fanns mellan de olika svarsformaten var effektstorleken aterigen
liten.

Sammantaget visar avhandlingens tre studier att den forstirkning i langtids-
minnet, som kommer av att testa minnet under inldrning, drivs nistan uteslu-
tande av framplockningsprocessen i sig, och att artikulation verkar tillféra
valdigt litet till styrkan pa testeffekten. Dessa resultat diskuteras i termer av
deras teoretiska implikationer, men de dr ocksa sdrskilt intressanta med av-
seende pa utformandet av instuderingstekniker och utldrningsmetoder vars
syfte dr att maximera inldrning och hagkomst. Darfoér har resultaten ocksa
praktisk betydelse for alla de studenter som Onskar géra det mesta av den
som #gnas at studier, och budskapet dr enkelt: Se till att testa minnet under
inldrning genom att 6va pa att plocka fram viktig information ur minnet — da
fastnar den ocksa bittre, oavsett om den artikuleras eller inte!
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Introduction

During the course of our lives, we learn a great deal. Some things we learn
because they are essential to our survival, others we learn because we are
curious and desire knowledge. Some things we learn because it is expected
of us to do so, and still others we learn whether we like it or not. No matter
the reason for learning, all learned skills, abilities and knowledge can rea-
sonably be thought of as information stored in memory. This also means that
everything we know is contained in our memory. So, when thinking back on
our childhood, providing the correct answer to a question, or remembering
how to ride a bike, we access and act upon that stored information by retriev-
ing it from memory. Naturally, we can be more or less successful in our at-
tempts to access information in memory, which is why the concept of
memory is also very much associated with the notion of testing it.

Memory testing occurs practically everywhere and all the time, because it is
an essential part of modern educational systems. Standardized tests are by
far the most common way of assessing educational performance, and typical-
ly, such tests require students to memorize relevant information in order to
get the questions right. As will be discussed in this thesis, the act of testing
memory is not only a matter of coming up with the right answers to ques-
tions (i.e., retrieving and articulating the correct information), it also has the
power to strengthen memory for that information which is tested, often re-
ferred to as the testing effect (e.g., Roediger & Karpicke, 2006a). Most theo-
retical accounts explain the testing effect as the result of retrieval processes,
but as testing typically involves both retrieval and articulation of a response,
it is necessary to disentangle their individual contributions to the testing
effect. In other words, it is important to know whether the testing effect, as
reported in many previous studies, is the result of retrieval processes alone,
or if the act of articulation also serves to enhance memory to some extent.
Articulation, here, refers to the act of providing an explicit response (such as
saying it out loud or writing it down) in reference to a task that requires re-
trieval of information, such as a cued recall test.

Moreover, it is possible that different ways of testing memory (e.g., instruct-
ed vs. non-instructed tests that dictate whether retrieval will be incidental or
intentional) can enhance memory to different extents, meaning that some
forms of testing may be superior to others. Specifically, this thesis aims to
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establish what drives the testing effect by comparing effects of retrieval and
articulation on later memory performance. Different forms of retrieval and
articulation will also be examined in order to assess their relative efficacy.

Knowledge about the testing effect, and what drives it, is important because
it has the potential to vastly improve the effectiveness of efforts to both learn
and teach certain types of information, meaning that there are considerable
implications for the development of optimal learning and teaching practices.
For example, whereas tests (e.g., written exams) in many cases are a pre-
ferred means of assessing students’ performance, the use of tests as a
memory enhancer (and thus, a learning aid) still remains largely overlooked
in most curricula.

Memory and learning, a brief overview

As this thesis is mainly concerned with memorial effects of retrieval and
articulation, and the processes they entail, the general concept of human
memory, in terms of theories and models, will not be exhaustively reviewed
here. In broad terms, there are two major approaches to human memory; one
that regards it as a number of processes that occur either independently or in
interaction with each other (e.g., Foster & Jelic, 1999), and the other describ-
ing memory as a system of interrelated components localized within the
brain (e.g., Surprenant & Neath, 2009). This thesis makes no attempt to
compare, unify or contrast the two, because it relates primarily to the pro-
cessing approach, and much less so to the systems approach. In fact, only a
few memory systems are referred to in this thesis, namely primary memory,
which is working memory or short-term memory (STM; e.g., Baddeley &
Hitch, 1974; Baddeley, 2000; see Cowan, 2008 for a distinction between the
two), and secondary memory, which is long-term memory (LTM; e.g.,
Schacter, Wagner & Buckner, 2000). However, for the purpose of clarity, it
should be mentioned that LTM is not a single memory system, but is instead
composed of declarative and non-declarative forms of memory, where de-
clarative memory contains episodic and semantic information that can be
explicitly expressed, such as information about events or places or facts, and
non-declarative memory stores perceptual and procedural representations
that cannot be explicitly expressed, such as skills and habits, priming, and
perceptual memory (Squire, 2004). For example, you may know how to ride
a bike, but that knowledge is not stored in memory as a verbal instruction on
how to ride a bike, but instead as a learned set of skills that can only be per-
formed rather than described with words.

Among these memory systems, the most relevant to this thesis are the de-
clarative forms of memory, namely episodic and semantic memory. These
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forms of memory are both implicated in the tasks that are typically involved
in the context of education and learning. Episodic memory contains compo-
site information of personal experiences and information about events in
time and space (i.e., when and where something happened), whereas seman-
tic memory stores non-contextual information such as facts (e.g., the name
of a street) and concepts (e.g., the meaning of words; Squire, 2004). In the
studies presented in this thesis, participants have learned paired associates
(i.e., word pairs of varying relatedness), and this learning draws upon both
semantic and episodic memory functions. Specifically, the degree of related-
ness between paired associates determine the inherent difficulty in learning a
particular word pair, such that lower relatedness (i.e., weak associates)
makes the word pair more difficult to learn. As evidenced by Elwood (1997),
word pairs that are difficult to learn draw more upon episodic than semantic
memory functions. For this reason, when using the term memory perfor-
mance in this thesis, | am referring primarily to episodic retention and to
some extent semantic retention.

Recently, cognitive psychology has seen a shift towards a more embodied
view of human memory and cognition (see Wilson, 2002), which may call
into question some of the models and theories that are generally agreed upon
at present time. [ will return to some of these theories later in this thesis, and
discuss their implications for the testing effect and the processes that appear
to drive it. Rather than delineating the current state of affairs in the field of
cognitive psychology, this thesis will mainly present theories and findings
that pertain directly to memory effects that usually occur in a typical learn-
ing environment, that is, an environment in which information needs to be
encoded, stored, and accessed at a later point in time. For instance, a student
who prepares for a final exam is likely to go through all of these processes in
order to perform well. The information, or knowledge, that is needed for a
passing grade will first need to be acquired, supposedly through attending
classes and lectures, taking notes, and reading course literature. It must then
be stored or retained, possibly by rehearsing and re-reading information,
along with other attempts at memorizing it. Finally, the information must be
successfully retrieved from its storage in memory, and transferred onto paper
in the form of answers to the questions in the exam. The actions and steps
described above can broadly be divided into three processes, namely encod-
ing, retention, and retrieval, which are described below. This division is also
useful in terms of the scope of this thesis: it is important to know whether the
processes that underlie the testing effect are mainly associated with encod-
ing, retention, or retrieval, and in the case of a combination of these three, an
understanding of how the testing effect is affected individually by each of
them.
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Encoding

Encoding refers to the process of converting information from sensory in-
puts, such as vision and hearing, or from different forms of cognitive pro-
cessing, to units or constructs that may then be stored in memory. When we
learn new information, such as a fact about something, our working memory
is occupied by that information, and a mental construct that represents the
content of that information is created which can then be stored more perma-
nently in long-term memory. From point of view of this thesis, the effects of
articulation should be regarded as encoding effects (or possibly re-encoding
effects). For instance, rehearsing a text by reading it out loud is a form of
articulation that becomes part of the encoding process, and other encoding
processes also contain an articulatory component, such as writing by hand,
or performing an action (e.g., Cohen, 1981). In all three studies of this thesis,
I used cued recall tests with different response formats, meaning that where-
as the retrieval processes were highly similar, the articulatory processes were
different. In Study I, for example, retrieved information was never articulat-
ed at all, whereas in Study II, a condition with no articulation was directly
compared to a condition in which information was explicitly articulated after
retrieval. Moreover, Study III featured two kinds of explicit (i.e., overt) ar-
ticulation of retrieved information, namely writing by hand and typing on a
computer keyboard.

There are a number of memorial effects that can be observed during (and
because of) encoding, such as the levels-of-processing effect (LOP; Craik &
Lockhart, 1972; Craik, 2002), which states that the level or depth at which
information is processed determines how strongly that information will be
encoded into memory. Shallow processing, which is based on visual or audi-
tory attributes of the information, leads to weaker memory traces, whereas
deeper processing, which entails semantic processing, produces memory
traces that are more resilient to decay.

Another memorial encoding effect is the generation effect (e.g., Jacoby,
1978; Slamecka & Graf, 1978), which states that information that is some-
how generated during encoding is better remembered than information that
is only read. For instance, participants who read words and generate syno-
nyms to them will remember those words better than participants who only
read the words. This can be explained in part by the LOP account, but the
generation effect emerges also for shallow forms of processing, meaning that
the process of generation itself has a reinforcing effect on memory.

Closely related to the generation effect is the production effect (e.g., Mac-

Leod et al., 2010; Ozubko & MacLeod, 2010), whereby articulation during
encoding, for example by saying a word out loud, can enhance memory
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compared to reading it silently. While these two effects may seem practically
identical, they do differ in the sense that generation is a conscious, effortful
processing of information, whereas production often is not. That is, reading a
word out loud does not, cognitively speaking, entail more processing of in-
formation than does reading it silently. And yet, both have the potential to
enhance or improve memory. I will return to the implications of this obser-
vation later on in this thesis.

Retention

Retention is the preservation and storage of existing information in memory.
As most of us can attest, memory retention is far from flawless, and typically
decays or decreases with time. Research on retention and forgetting dates as
far back as the late 19™ century, when Herman Ebbinghaus (1885) showed
that memory decay follows a curve that is steep at first and then gradually
levels out until memory declines no more after enough time has passed.
Whatever is remembered, after all that time, is likely to not be forgotten at
all. In this thesis, retention is of crucial importance, as some of the effects
observed and investigated here do not emerge until after some time has
passed. This period of time is often referred to as the retention interval (RI),
that is, the amount of time during which certain information has been re-
tained prior to retrieval. Forgetting, then, is simply a measure of how much
information has not been retained during that time. By measuring memory
performance at different retention intervals, such as five minutes or a week
in the studies that comprise this thesis, one can observe how much infor-
mation has been retained in memory during that time, and whether different
encoding or retrieval conditions are differentially affected at these retention
intervals.

Retrieval

Retrieving information from memory means bringing it to mind from LTM
and into primary memory, and becoming consciously aware of that infor-
mation (rather than having it unconsciously stored in memory), and possibly
processing it further. According to Tulving and Thomson’s (1973) encoding-
specificity principle (ESP), memory retrieval is dependent on cues and their
connection to the target information, such that the retrieval cue is stored
alongside the information itself during encoding. The level of congruency or
overlap between the cue and the target information is what determines the
probability of successful retrieval, meaning that memory is (in part) context-
dependent. Another consequence of this congruence is that it becomes rather
difficult to fully dissociate or disentangle the processes that underlie encod-
ing and retrieval, respectively, because one has the potential to affect the
other and vice versa. Put differently, if the act of retrieval also entails (new)
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encoding processes (e.g., by means of how it was articulated) it seems very
difficult to ascertain what the effects are of retrieval only, and indeed, this is
also reflected in Bjork’s (1975) ideas on retrieval as a “memory modifier”.

A similar congruency between encoding and retrieval is also found in the
transfer-appropriate processing hypothesis (TAP; e.g., Bransford, Franks,
Morris & Stein, 1979), whereby successful retrieval is dependent on the
overlap (or transfer between) the processes engaged during encoding and the
processes engaged during retrieval. Indeed, Godden and Baddeley (1975)
found that divers, who studied word lists while underwater or on dry land,
and later recalled words freely in either environment, performed best when
the learning and testing environments were the same, again indicating a con-
text-dependent aspect of successful retrieval. It should be noted, however,
that effects of ESP and TAP are typically small (see Smith & Vela, 2001; for
a meta-analysis).

Retrieval underlies what we colloquially refer to as recalling (or recollect-
ing) or recognizing something or someone. For instance, knowing for certain
that a stimulus (e.g., a word) has been presented before entails the process of
matching existing information with information retrieved from memory
(e.g., Mandler, 1980), and thus, we recognize the stimulus. It should be not-
ed that recognition is not synonymous to recollection, because recognition is
typically determined by the level of perceived familiarity of a stimulus, ra-
ther than the successful retrieval of relevant information pertaining to that
stimulus. Recollection, on the other hand, cannot take place without success-
ful retrieval of the sought-after information (see Yonelinas, 2002; for a dis-
cussion on the distinction between recollection and familiarity). If you were
asked to name the capital of Belarus, you could have a strong sense of famil-
iarity to the correct answer (Minsk), because you know you have heard it
before, but still not be able to retrieve it from memory and provide a correct
answer. Thus, we see that while the perceived familiarity can be high, that
does not guarantee that retrieval will be successful. In all three studies of this
thesis, memory performance has been measured by cued recall tests in which
a cue word is used to retrieve a target word, meaning that memory perfor-
mance reflects retrieval success rather than perceived familiarity. Moreover,
as this thesis is particularly concerned with effects that occur during (and
because of) retrieval, they will be outlined in greater detail in the next sec-
tion.

Effects of retrieval on memory

According to Bjork (1975), retrieval is not merely a process by which infor-
mation is gathered from memory storage to then be used in some way, and
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later returned to storage. Instead, the act of retrieval also modifies the state
of that information in memory, and specifically, the degree of modification
corresponds to the level or depth of processing involved at retrieval. In other
words, if some information is either difficult to produce (see Bjork, 1994) or
retrieve from memory, or requires high degrees of cognitive elaboration (cf.
the LOP effect; Craik & Lockhart, 1972), it will also be more robustly re-
encoded into memory and subsequently form a stronger memory trace after
it has been (successfully) retrieved. However, desirable difficulties and the
degree of elaborative encoding at retrieval cannot fully account for the
memory enhancement that occurs after successful retrieval. For instance,
Karpicke and Smith (2012) found that repeated retrieval practice led to better
retention of word pairs than an equal amount of elaborative encoding, mean-
ing that retrieval itself has some impact on memory. This retrieval-induced
modification of memory is found in several well-known memory phenome-
na, although in different ways and in different fields of research, which are
described below.

Findings from the testing effect literature

The testing effect (see Roediger & Karpicke, 2006a; for a review; Adesope,
Trevisan and Sundararajan, 2017; for a meta-analysis) is a robust memory
phenomenon that appears when memory is tested and participants retrieve
and overtly articulate information that is needed to perform the test. More
specifically, testing memory appears to be more beneficial to later retention
than an equal amount of restudy (e.g., Carpenter & DeLosh, 2006; Carrier &
Pashler, 1992; Karpicke & Roediger, 2007; Karpicke & Roediger, 2008;
McDaniel, Anderson, Derbish & Morrisette, 2007; Nungester & Duchastel,
1982; Roediger & Karpicke, 2006b; Wheeler, Ewers & Buonanno, 2003;
Toppino & Cohen, 2009; see Figure 1). Although the testing effect has most-
ly been studied within the context of verbal learning, where the material to
be learned is usually word lists containing word pairs (i.e., paired associates;
e.g., Karpicke & Roediger, 2007; Pashler, Cepeda, Wixted, & Rohrer, 2005),
it has also been demonstrated for a number of other learning materials, in-
cluding longer text materials (e.g., Kang, McDermott & Roediger, 2007),
pictures (Wheeler & Roediger, 1992) and even visuospatial information in
maps (Carpenter & Pashler, 2007). Moreover, the testing effect also appears
for many testing formats, such as free recall (e.g., Zaromb & Roediger,
2010), cued recall (e.g., Carrier & Pashler, 1992), and also short-answer and
multiple-choice tests (e.g., Kang, McDermott & Roediger, 2007; McDaniel,
Roediger & McDermott, 2007).
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Proportion of Idea Units Recalled

5 Minutes 1 Week
Retention Interval

Figure 1. Mean proportion of idea units recalled on a final test 5 minutes or
1 week after learning as a function of learning condition. The shorthand
condition labels indicate the order of study (S) and test (T) periods. Error
bars represent standard errors of the means. From ©Henry Roediger and
Jeffrey Karpicke (2006b).

The testing effect is particularly surprising as it appears even when no cor-
rective feedback is provided during testing (see Kornell, Bjork & Garcia,
2011). For instance, in cued recall testing there is typically a cue word and a
target word, and the task is to memorize the association between the two.
During testing, only the cue word is shown and this triggers a retrieval at-
tempt for the target word. If retrieval is successful, the target word is ex-
pressed, and the memory for that cue-target association is reinforced via the
testing effect. If retrieval is unsuccessful, no answer can be given and it also
follows that there can be no memory reinforcement by means of a testing
effect. Despite this limitation, testing is still more beneficial to memory than
a comparable amount of additional study, which provides access to the entire
material, rather than only what was successfully retrieved during testing.
Corrective feedback (i.e., seeing the correct answer after submitting a re-
sponse during testing) boosts the testing effect for two reasons: i) it produces
testing effects also for items that were not successfully retrieved, and ii) it
reduces the risk of reinforcing false information in memory by means of a
testing effect (see Agarwal, Karpicke, Kang, Roediger & McDermott, 2008;
for a discussion on this).

25



Why, then, is testing so beneficial for later memory performance, and even
without feedback? As evidenced by Roediger and Karpicke (2006a) in their
review of the testing effect, there is no single answer that will definitively
put this question to rest, but I have attempted to summarize here the different
theoretical accounts that have been put forth to date.

In line with Dempster’s (1996) retrieval hypothesis, there are a number of
ideas (many of which have already been mentioned briefly) that may account
for the testing effect, and as the name suggests, they all share the assumption
that the memorial benefit stems from the act of retrieval. This could occur by
means of a generation effect (e.g., Jacoby, 1978) or an increased level of
elaboration of the memory trace (cf., Craik & Tulving, 1975), as both entail
more effortful retrieval. It could also be that retrieval produces an increase in
the number of retrieval routes that lead to the relevant information (e.g.,
Bjork, 1975; McDaniel & Masson, 1985), comparably to the LOP effect. As
demonstrated by Gardiner, Passmore, Herriot and Klee (1973), greater re-
trieval effort (as measured by the time it took participants to retrieve infor-
mation) appears to be associated with better recall performance on a later
test. In sum, these theories predict that the magnitude of the testing effect
should increase with the difficulty, effort and elaboration associated with the
retrieval attempt, and there are a number of findings that support this notion
(e.g., Carpenter & DeLosh, 2006; Glover 1989; Kornell, Bjork & Garcia,
2011; Toppino & Cohen, 2009; Wheeler, Ewers & Buonanno, 2003).

On a general note, the presence of a testing effect is not always established
in the same fashion everywhere. For instance, some would argue that a test-
ing effect is demonstrated by a response format x retention interval (RI)
interaction (cf., Kornell, Bjork & Garcia, 2011; Rowland, 2014), specifically
because it dissociates the effects of studying and testing (Toppino & Cohen,
2009), whereas others would say that a testing effect manifests as the superi-
ority of a testing condition relative to a study-only condition, more or less
regardless of the RI (i.e., a main effect of response format), meaning that
tests do not necessarily reduce the rate of forgetting but rather should im-
prove memory altogether (cf., Slamecka & Katsaiti, 1988). As argued by
Wheeler, Ewers and Buonanno (2003), studying may reinforce memory rep-
resentation of an item, but testing instead enhances the retrieval process it-
self, meaning that the effects of studying and testing may not become disso-
ciated until some time has passed. Indeed, in a meta-analysis of 272 inde-
pendent effects from 118 separate experiments on the testing effect,
Adesope, Trevisan and Sundararajan (2017) found that the effect size of the
testing effect was larger when the RI was on the order of days, than when it
was less than 24 hours. Therefore, in this thesis I define the testing effect
practically as a response format x Rl interaction.
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From point of view of the TAP hypothesis, the testing effect could be ex-
plained as the result of a larger congruency between the conditions during
learning and the conditions at final testing. In other words, the testing effect
occurs because the processes required to perform well during retrieval prac-
tice are the same processes that are required to perform well at the final test,
whereas the processes involved in restudying are not the same, or at least not
as similar. Thus, the magnitude of the testing effect becomes a function of
this similarity — the more similar the conditions, the larger the testing effect.
However, the support for this notion is not unequivocal, and despite studies
that do confirm a TAP effect (e.g., Nungester & Duchastel, 1982; McDaniel
& Fisher, 1991), there are some that find precisely the opposite (see Kang et
al., 2007).

Nonetheless, in a meta-analytic review by Rowland (2014), the initial—final
test match did not reliably increase the magnitude of the testing effect, mean-
ing that the TAP theory cannot account for its occurrence. The retrieval (ef-
fort) theories, however, gathered support in the sense that recall tests (which
entail more effortful and elaborative retrieval) yielded larger testing effects
than recognition tests. The findings above explain very well why testing
should reinforce memory and improve later retention, and virtually all ac-
counts converge on the idea that retrieval produces the memorial benefit.
However, this notion can be found also outside of the testing effect litera-
ture, because retrieval processes also underlie other memorial effects that do
not pertain to testing. As I will try to illustrate in the next section, retrieval is
often uninstructed and incidental, and an indirect consequence of metacogni-
tive judgments.

Findings from research on metacognition and metamemory

Metacognition is the focus of Study I of this thesis, and it refers to higher-
order thinking and appraisal processes that serve to either monitor or regu-
late ongoing cognitive processes (e.g., Schraw, 1998). Etymologically speak-
ing, it translates as “knowledge about knowledge” or “thinking about think-
ing”, meaning that it involves not our thoughts per se, but rather our aware-
ness and knowledge about those thoughts. Similarly, metamemory refers to
the (metacognitive) monitoring of memory processes such as learning.

While there are many different ways in which metacognitive judgments can
occur and influence our decisions, the first study in this thesis is particularly
concerned with so-called judgments of learning (JOL; e.g., Leonesio & Nel-
son, 1990; Nelson & Narens, 1994) and the delayed JOL effect (Dunlosky &
Nelson, 1992; Jang & Nelson, 2005; Nelson, Narens & Dunlosky, 2004),
and this is because the delayed JOL effect has a close relationship to the
testing effect at the level of memory processes. Although this relationship
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will be more thoroughly explained later on, it should be noted that they both
entail the attempted retrieval of some relevant information. Granted, what
happens with that information after it has been retrieved may differ for many
reasons, but they both entail retrieval-induced memorial effects.

Judgments of learning are metacognitive assessments of the degree to which
something has been learned. If I return to the student preparing for a final
exam, I could argue that his or her decision to either keep studying or instead
go to bed is likely influenced by a JOL, that is, an assessment of the degree
to which something has been learned (and whether or not that degree of
learning is sufficient). This way, a JOL is basically equivalent to asking the
question “Do I know this?”, or in more prospective terms, “Will I remember
this on the day of the exam?”. Obviously, these judgments are not perfect,
meaning that JOLs can be more or less accurate. Accuracy is typically eval-
uated by calculating an item-by-item Goodman-Kruskal gamma correlation
between JOLs and final recall performance (see Nelson, 1984). Given the
often-prospective nature of JOLs, a higher accuracy is desirable because it
indicates that the student will likely remember what he or she also expected
to remember, giving the JOL a predictive value towards future memory per-
formance. Conversely, low JOL accuracy reflects low predictive value,
meaning that the student remembers more or less than expected. As meta-
cognitive assessments serve to not only monitor but also regulate cognitive
processes — in this case, the learning efforts — high JOL accuracy is assumed
to be beneficial for optimal learning behavior because the learning decisions
are based on assessments with high predictive value towards future memory
performance.

So, if high JOL accuracy is desirable because of its predictive value, what
exactly makes these judgments more accurate and predictive? The single-
most important factor to increased JOL accuracy is temporal delay, and that
is why the delayed JOL effect is called exactly that. In terms of predictive
value, delayed JOLs are considerably more accurate than immediate JOLs,
that is, JOLs that are made after some time has passed instead of during or
immediately after learning. The reason for this is still a matter of debate (see
Rhodes & Tauber, 2011, for a review), but virtually all accounts share one
fundamental assumption: A delay (between learning and JOL) eliminates the
possibility that the JOL becomes primarily based on information available in
STM (see Nelson & Dunlosky, 1991).

Thus, the accuracy or predictive value of an immediate JOL is low, and for
two reasons, i) it does not take into account the fact that working memory
stores are impermanent and decay rapidly, and ii) even if the relevant infor-
mation was indeed encoded into LTM, the detrimental effects of time (i.e.,
forgetting) have likely been disregarded when making an immediate JOL. A
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delayed JOL, on the other hand, takes place when the information is no
longer available in working memory, and therefore, is reliant on successful
retrieval from LTM to begin with. Moreover, as this retrieval attempt is
made at a delay, forgetting may have already taken place, which makes it
more likely that forgetting effects are factored into the JOL. Therefore, de-
layed JOLs are based on information that, if successfully retrieved, will
probably also be successfully retrieved again at a later point in time. If the
information cannot be retreived, this too serves as a diagnostic purpose in the
sense that it is very unlikely that it would somehow reappear into memory at
a later time, thus making the JOL all the more accurate.

Therefore, delayed JOLs are based on information that, if successfully re-
trieved, will probably also be successfully retrieved again at a later point in
time. If the information cannot be retrieved, this too serves as a diagnostic
purpose in the sense that it is very unlikely that it would somehow reappear
into memory at a later time, thus making the JOL all the more accurate. In-
deed, Dunlosky and Nelson (1992) investigated the accuracy for different
forms of JOLs and found that delayed JOLs were more accurate than imme-
diate JOLs (see also Rhodes & Tauber, 2011, for a review), but only for
JOLs that were based on a cue rather than the entire information that was to
be learned. So, if the information were a word pair (e.g., elephant —
memory), the JOL would then be based on only the cue word (i.e., elephant),
thus prompting an attempted retrieval for the target word (i.e., memory).

Returning to Bjork’s (1975) idea of retrieval as a modifier of information
stored in memory, another explanation for the delayed JOL effect is found in
the self-fulfilling prophecy theory (SFP; Spellman and Bjork, 1992). The
basic premise of this theory is that a delayed JOL is essentially a diagnostic
test of LTM, which involves an attempted retrieval of the sought-after in-
formation, and if that retrieval attempt is successful, I should expect to ob-
serve the same memorial effects as in other contexts where retrieval occurs,
such as memory testing. For this reason, this retrieval-based memory en-
hancement (i.e., the testing effect) also partially explains the correlation be-
tween delayed JOLs and later recall performance; information that cannot be
retrieved is not reinforced via the testing effect and is given a low JOL,
whereas information that is successfully retrieved is reinforced via the test-
ing effect and also given a high JOL. Put simply, the delayed JOL effect is
partly the result of a testing effect inherent to the nature of delayed JOLs and
the retrieval attempts they elicit.

Study I of this thesis will investigate whether repeated, delayed JOLs do
indeed improve later retention relative to an equal amount of additional
study, in much the same way that repeated testing does, or put differently,
that retrieving information covertly (by means of delayed JOLs) does indeed
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produce a testing effect, as posited by the SFP theory. If so, it would expand
the body of research that reports testing effects in covert retrieval settings
(e.g., Carpenter, Pashler & Vul; 2006; Carpenter & Pashler, 2007; Kang,
2010) to include not only instructed covert retrieval but also covert retrieval,
which is unintentional or incidental because of how delayed JOLs are per-
formed.

The distinction between instructed and incidental retrieval is important for
our understanding of the extent to which delayed JOLs should be expected to
produce a testing effect. For instance, Jonsson, Hedner and Olsson (2012)
compared memory performance for items that were learned through study
followed by either instructed self-testing or delayed JOLs, and found that
both testing and making JOLs produced reliable testing effects, and more
importantly, that they did not differ in magnitude.

Using a similar design, Tauber, Dunlosky and Rawson (2015) compared
explicit tests with delayed JOLs, and found that whereas retrieval practice
(by means of cued recall tests) boosted memory performance on a final test,
delayed JOLs did not. The authors explain this difference in terms of retriev-
al effort, meaning that retrieval practice causes more effortful retrieval at-
tempts than do delayed JOLs, and that JOLs are based primarily on cue fa-
miliarity and not whether the retrieval attempts are successful. The differ-
ence in retrieval effort is reflected very well in the response latencies for the
two conditions, with lower latencies (i.e., less time spent retrieving infor-
mation) for the delayed JOL conditions compared to the test conditions. An
interesting observation, here, is the fact that exposure times for the study and
testing conditions were equated in the study by Jonsson, Hedner and Olsson.
(2012), whereas the Tauber et al. (2015) study did not place any time re-
straints on the testing conditions. Given the disparate results of these studies,
perhaps the difference can be explained in terms of more effortful retrieval
for explicit testing (compared to JOLs) but only when allowed for, in terms
of time.

Another key distinction between the previous studies discussed here is
whether the act of making a JOL is performed once or repeatedly. In many
delayed JOL studies, JOLs are only made once for each item, whereas test-
ing effect experiments typically feature repeated tests for each item. Repeat-
ed testing sessions effectively act as a form of feedback for participants in
the sense that they may recall mistakes made during one testing session and
use that information to guide their learning efforts in subsequent study and
testing of the learning material (see Kang, McDermott & Roediger, 2007).
Whereas Tauber, Dunlosky and Rawson (2015) used a single delayed JOL
trial, Jonsson, Hedner and Olsson (2012) used three, which might explain
why only the latter found a testing effect as the result of delayed JOLs.
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Effects of articulation on memory

Now that we have a basic understanding of how memory is affected by re-
trieval alone, let us also consider the effects of articulation, that is, the act of
overtly expressing or verbalizing information that has been retrieved from
memory. Although the testing effect seems to be mainly the result of pro-
cesses involved at retrieval, there is also evidence that explicit articulation of
information serves to enhance its retention. For instance, Gardiner, Pass-
more, Herriot and Klee (1977) investigated memory for words as a function
of either writing them down or saying them out loud (or both) during learn-
ing, and found that while there were no differences between the groups that
had either spoken or written down the words, the group that had engaged in
both types of articulation were superior in terms of word recognition. At first
glance, this finding seems intuitive and could for example be explained by
Dempster’s (1996) amount-of-processing account of the testing effect. How-
ever, since the amount of exposure to the material was equal across all
groups, this explanation is not satisfactory (see also Roediger & Karpicke,
2006a). While the findings of Gardiner et al. (1977) do not suggest that dif-
ferent forms of articulation affect memory differentially, they -clearly
demonstrate that articulation may affect later memory performance. Gardiner
et al. (1977) argued that different forms of articulation would create qualita-
tively different memory traces in terms of their visual, auditory, and kines-
thetic attributes. In other words, saying a word out loud will produce differ-
ent auditory aspects of the memory trace for that word, compared to having
written it down on paper.

Moreover, it could be argued that articulatory processes may be present even
when no explicit articulation takes place. For instance, the phonological loop
in Baddeley’s (2000; 2001) working memory model includes a process of
subvocal articulation, meaning that articulation (in this case, speech) is fore-
gone by subvocal rehearsal of the information that is about to be articulated.
From this point of view, even thinking about the answer to a question in-
cludes an articulatory component, which makes retrieval and articulation
effectively indistinguishable from one another. Therefore, in this thesis, |
will only discuss effects of overt, explicit articulation, and not effects of
subvocal articulation.

The production effect and the generation effect

A similar line of evidence for articulatory effects on memory comes from the
production effect, which has already been described briefly. When explicitly
articulating information, such as a word, a verbal cue is likely created in a
way that would not happen for information that was never articulated, and
this cue facilitates retrieval of that information in the future (see MacLeod et
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al., 2010). Typically, the production effect is observed during encoding ra-
ther than retrieval, but as the basic premise of the testing effect is that there
is a relationship between retrieval and encoding (in the sense that retrieval
efforts may alter the memory state of some information and thus re-encode it
differently back into LTM), it may have relevance also for our understanding
of the testing effect. For instance, if the retrieval attempts that are made
when testing memoy (during learning) can be considered additional learning
(i.e., encoding) opportunities, it is reasonable to suspect that the production
effect may appear under testing conditions that entail retrieval and articula-
tion (and thus, encoding) of the information that is tested. If so, I should
expect to find testing effects of greater magnitude for testing that involves
not only retrieval but also articulation.

The generation effect also posits better memory performance as a result of
articulation, for instance by generating synonyms or elaborating on the to-
be-learned material in some way (e.g., Hirshman & Bjork, 1988; see
Bertsch, Pesta, Wiscott & McDaniel, 2007, for a review). However, Kar-
picke & Zaromb (2009) pointed out that whereas the generation effect often
appears under circumstances where generation is incidental (i.e., the articula-
tion of some information is merely a means of completing some other task,
such as generating synonyms), the testing effect instead entails both retrieval
and articulation in contexts where these processes are their own goals (e.g.,
providing the correct answer to a question). So, while highly similar, the
generation effect and the testing effect differ by whether retrieval is inci-
dental or intentional (although it should be noted that learning or encoding
itself is instructed and therefore intentional), and, perhaps more interestingly,
the effects of retrieval appear to be paramount to the effects of articulation in
terms of memorial enhancement. As mentioned earlier, this distinction is
also relevant to our understanding of how and why JOLs produce testing
effects, precisely because JOLs too include an element of retrieval that is
unintentional, meaning that retrieval effort is likely low compared to explicit
testing. In turn, this can also explain why it seems difficult to find testing
effects with JOLs instead of overt testing (e.g., Tauber, Dunlosky & Raw-
son, 2015; but see Jonsson, Olsson & Hedner, 2012).

Findings from research on embodied cognition, haptics, and
writing

Embodied cognition refers to the notion that many cognitive processes re-
flect not only what happens in the brain, but also how we use our bodies to

physically interact with the world around us (e.g., Wilson, 2002). For exam-
ple, the enactment effect (e.g., Cohen, 1981; Engelkamp & Krumnacker,
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1980; Zimmer & Cohen, 2001) explains why memory for action phrases
(e.g., “throw the stone”) is better when these actions are physically carried
out, or enacted, compared to only reading the phrases. There are several
theoretical explanations for this effect, one being the semantic link between
the object (e.g., stone) and the action, which is typically a verb (e.g., throw),
meaning that the enactment of the action phrase also entails additional se-
mantic elaboration of the action phrase and its meaning. In other words, the
action performed also reflects the meaning of the action phrase. If the object
is instead paired with an unrelated action verb (e.g., “drink the stone”), the
enactment effect disappears (e.g., Zimmer & Engelkamp, 2003).

From point of view of the testing effect, it could be argued that testing in
many cases includes a motoric component of articulation, for instance by
typing or writing an answer, whereas covert retrieval does not. However, as
seen above, the enactment effect is contingent on the extent to which the
action physically represents, or relates to, the semantic content of the action
phrase. Therefore, in a setting where paired associates are tested, the act of
typing or writing a word is not necessarily the same as physically articulat-
ing the meaning of that word, meaning that there should be no enactment
effect for such tasks. Nonetheless, Kubik, Olofsson, Nilsson and Jonsson
(2015) found a testing effect for action phrases in a cued recall paradigm,
however only for items that used nouns (i.e., the objects) as cues and not
verbs.

When it comes to writing things down, there is a colloquial understanding
among many that it is beneficial for memory to do so (cf., Naka & Naoi,
1995). The general idea, for many, is that the act of writing something down
will simply make it “stick” in a way that it otherwise would not. If so, why
does articulation benefit memory, and how? Also, do different forms of ar-
ticulation benefit memory differently? Mangen, Anda, Oxborough and
Brennick (2015) investigated various forms of articulation and their effects
on later retention, specifically by comparing handwriting to typing on a
computer keyboard as well as a tablet PC keyboard (i.e., a keyboard dis-
played on a touch screen), and found that free recall performance was better
for words that had been written by hand than words that were typed on com-
puter or tablet keyboards. However, other similar studies have not found
such an advantage (e.g., Vaughn, Schumm, & Gordon, 1992) for handwrit-
ing versus typing.

In a review, Mangen and Velay (2010) conclude that handwriting is qualita-
tively different from typing in several ways. For example, the tracing of let-
ters that occurs during handwriting is uniquely linked to each particular letter
that is written, whereas pressing a keyboard button involves essentially iden-
tical movements for each button, meaning that handwriting involves a higher
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level of embodied cognition than does typing. And as testing effects have
been observed for materials that involve embodied cognition, I should expect
that higher levels of embodied cognition would produce larger testing ef-
fects. Some support for this notion can be found in Longcamp, Boucard,
Gilhodes and Velay (2006), who found that characters and letters learned
through typing were less accurately recognized at a later test than handwrit-
ten information. However, as this study used recognition tests, meaning they
measured familiarity rather than retention — paired with the fact that the
learning material consisted of single letters and characters, and not words or
more complex forms of information — it remains to be established whether
the typing/handwriting distinction is relevant also in a testing effect para-
digm.

Moreover, there is a higher degree of congruency between the visual and
sensorimotor content of handwritten information than information that has
been typed, for example on a keyboard. Again, this is because the cerebral
representation of a letter or a word contains information about its visual at-
tributes as well as the sensorimotor components that are required to physical-
ly construct that letter or word (e.g., Kato et al., 1999; Matsuo et al., 2003).
When typing a word on a keyboard, a large portion of those visual attributes
and sensorimotor components are lost because the act of pressing a button on
a keyboard is neither unique for each individual letter (except for the place-
ment of the letter on the keyboard layout) in terms of the movement of the
hands, nor is it linked to any of the visual attributes of the letter or word
itself. This can be likened to the previously discussed ideas on retention as a
function of the number of available retrieval routes that lead to specific in-
formation (e.g., Bjork, 1975; McDaniel & Masson, 1985). By that logic,
information that is accessible through visual and sensimotoric retrieval
routes should have a higher probability of successful retrieval than infor-
mation with fewer retrieval routes, and thus be better retained.

In addition to the content of cerebral representations of letters and words,
Mangen and Velay (2010) also point to the difference in processing speed
involved in typing and handwriting, with handwriting being the slower and
more arduous of the two. If I combine these findings with Bjork’s (1975;
1994) ideas on effortful processing and desirable difficulties, I expect that 1)
the act of articulation (in any form) may entail more effortful processing and
thus lead to better memory performance, and ii) in testing situations, where
both retrieval and articulation typically occur, I expect that their effects are
additive with respect to the magnitude of the testing effect, and finally iii)
handwriting should be more beneficial for later memory performance than
typing because it is more embodied. This last distinction is considered par-
ticularly in the first two experiments of Study III in this thesis.
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Covert versus overt retrieval — 1s there a relative
efficacy?

At this point, I have reviewed memorial effects associated with retrieval and
articulation, and it would seem the testing effect is implicated in learning
contexts where both retrieval and articulation takes place (e.g., cued recall
tests during learning), but also in contexts where only retrieval and no articu-
lation takes place (e.g., delayed JOLs). A typical testing effect experiment
includes overt retrieval (i.e. testing), which involves i) the attempt to retrieve
some relevant information, and given that retrieval is successful; ii) the overt
articulation of that information. For example, this can be done by writing it
down on a paper (Carpenter & DeLosh, 2006), by typing it on a keyboard
(Toppino & Cohen, 2009), or by saying it out loud (Kuo & Hirshman, 1996).
In covert retrieval, however, information is retrieved from memory but never
explicitly articulated. An obvious difference here is that only overt retrieval
provides the possibility of determining memory accuracy (i.e., whether or
not the participants’ responses are correct) in a cued or free recall paradigm,
which may also explain why covert retrieval has received so little attention
in previous studies.

The difference between covert and overt retrieval can be easily illustrated by
comparing the questions “Do you know what year Picasso was born?” and
“What year was Picasso born?”’; both entail attempted retrieval of relevant
information, but the former is answered by a simple yes or no, whereas the
latter also involves the overt articulation of the relevant information (i.e.,
1881). This example also demonstrates the degree of similarity (in practical
terms) between covert and overt retrieval (in the sense that someone who
answers yes is likely very prepared to also answer /881), and that the task
itself (i.e., the way that a test is carried out, what instructions are used, etc.)
will determine whether participants engage in covert or overt retrieval.

In many learning environments, like that of a student preparing for an exam,
I would argue that covert retrieval is equally commonplace as overt retrieval.
For example, many use so-called flashcards as a learning tool, and besides
the benefit of spaced repetition (i.e., repeated study or exposure to a learning
material that is spread out over several occasions, rather than all at once;
e.g., Ausubel & Youssef, 1965), flashcards also produce a testing effect be-
cause they elicit a retrieval attempt (e.g., Kornell & Son, 2009). This retriev-
al attempt can be either overt (e.g., by saying the answer out loud) or covert
(i.e., by thinking of the answer but not articulating it), but regardless of re-
trieval mode, the testing effect will boost memory for that information which
was successfully retrieved. This is not to say that all retrieval modes are
equivalent and equal, but it demonstrates that both covert and overt retrieval
strategies are both likely to be employed in typical learning environments.

35



The question, then, is whether covert and overt retrieval (during learning)
produce testing effects of equal magnitudes. While it is known that different
forms of memory testing may benefit memory to different extents (e.g.,
recognition tests produce a weaker testing effect than does free and cued
recall tests; see Roediger et al., 2010), relatively little is known about the
relative efficacy of different response formats, that is, the retrieval mode
used at testing that takes place during learning.

Although there are studies that have found a testing effect for covert testing
procedures for various materials (e.g., Carpenter, Pashler & Vul; 2006; Car-
penter & Pashler, 2007; Kang, 2010), hardly any have directly compared
testing effects produced by either covert or overt retrieval, meaning that still
very little is known about their relative efficacy. From the few studies that
have directly compared covert and overt retrieval in a paired-associates and
cued-recall paradigm (including the second and third study of this thesis),
there appears to be no clear-cut conclusion to draw. For example, Putnam
and Roediger (2013) found, in only one of three experiments, an effect of
response format (i.e., whether retrieval was covert or overt at testing in a
learning phase) such that overt retrieval was more beneficial for later reten-
tion than covert retrieval. It should also be noted that Experiment 1 of their
study did not replicate a testing effect to begin with, and likely this was be-
cause the restudy condition was confounded by JOLs that participants made
after each item (i.e., the restudy condition was, in fact, also a covert testing
condition). In four experiments by Smith, Roediger and Karpicke (2013), no
relative efficacy was found for covert versus overt retrieval in a free recall
paradigm. Given such inconclusive findings, it seems worthwhile to further
test whether covert and overt retrieval produce testing effects of comparable
magnitudes. This is the aim of Study II of this thesis.

Boundary conditions of the testing effect

One aspect of testing effect experiments that has, perhaps, received too little
attention thus far, is the question of how (and if) methodological differences
between testing effect experiments produce different memorial benefits. For
instance, does it matter whether lists used in testing effect experiments are
tested in blocks or in random order? Should I expect identical testing effects
for within- or between-subject designs?

Rowland, Littrell-Baez, Sensenig and DeLosh (2014) examined list order
effects (pure vs. mixed), and found that the testing effect was unaffected by
list order. However, while list order may not affect the testing effect itself, it
can have implications for the magnitudes of testing effects produced by dif-
ferent response formats. This is directly related to the expectations that par-
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ticipants have of the tasks performed in a testing effect experiment. For in-
stance, if all items in a list are tested overtly, participants are likely to be-
come aware of this fact, and thus take that into account when performing the
test. In effect, this could cause participants to employ different retrieval
strategies, or thresholds in terms of metacognitive judgments, for different
forms of testing. If, on the other hand, items are tested overtly and covertly
at random, participants have no way of anticipating the response format that
will be used, which effectively ensures that the retrieval processes are identi-
cal for all items until the point of articulation. And for the purposes of disen-
tangling effects of retrieval and articulation, that is precisely what is needed.
Partial support for this argument can be found in Jonker, Levene and Mac-
Leod (2014), who found production effects (i.e., better retention for partici-
pants who read words out loud than those who read them silently), but only
for random lists and not blocked lists. Granted, these findings do not pertain
to effects of retrieval per se, but they demonstrate how different list orders
can lead to differences in memory performance.

Another important methodological consideration is that of the manipulation
of variables within or between subjects. In much the same way that a random
list order ensures that one form of testing does not affect another, the within-
or between-subjects manipulation of this list order may also selectively af-
fect the way participants engage in memory testing. If participants are tested
both randomly and in blocks of covert and overt retrieval, there is undoubt-
edly the possibility that one mode of testing can influence the other, for in-
stance in such a way that participants treat the two tasks as if they were more
similar than they are in fact. Huff, McNabb and Hutchison (2015) investigat-
ed free recall performance in a false memory paradigm, and found that
blocked lists led to better retention than random lists, but only for within-
subject design. Thus, I see evidence that within-subject manipulations are
susceptible to this type of transfer effects, whereas between-subject designs
are not, and this is particularly relevant to the list order manipulation dis-
cussed above.

Overall aims

Based on the foregoing review, the main objectives of the studies that com-
prise this thesis were to examine the following:

I — does covert retrieval produce a testing effect?

It is known from research on the delayed JOL effect that JOLs elicit a re-
trieval attempt such that participants covertly test memory diagnostically
before providing the JOL estimate (e.g., Spellman & Bjork, 1992, Nelson &
Dunlosky, 1991). Those retrieval attempts are uninstructed and spontaneous.
Moreover, this effect is more pronounced when the JOL is made at a delay
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after learning (cf., Rhodes & Tauber, 2011), which effectively makes the
conditions (under which a delayed JOL is made) very similar to those pre-
sent during typical memory testing. Thus, and according to Spellman and
Bjork’s (1992) self-fulfilling prophecy, the delayed JOL effect can be re-
garded as the result of a testing effect produced by a retrieval attempt. There-
fore, the first aim of this thesis, and the focus of Study I, is to investigate
whether uninstructed, covert retrieval (as elicited by delayed JOLs) do in-
deed produce a testing effect (i.e., benefit later retention relative to equal
amounts of additional study).

II —is there a relative efficacy of overt versus covert retrieval?

Let us also ponder whether there are any effects of articulation on memory
performance that add to those already produced by retrieval. As already ex-
amined, the production effect and the generation effect both posit memorial
benefits as the result of articulatory processes, and although it matters
whether retrieval is intentional or incidental (cf. Karpicke & Zaromb, 2010),
it remains unclear whether articulation must also be intentional for such en-
hancing effects to occur in a similar way. Originally, the testing effect was
thought of as an effect that pertains only to the act of retrieval (e.g, Bjork,
1975; 1994). However, more recent findings (e.g., Putnam & Roediger,
2013; Smith, Roediger & Karpicke, 2013) call into question whether there is
also an articulatory component to this effect. Therefore, the second aim of
this thesis, and the focus of Studies II and III is to ascertain whether covert
and overt retrieval produce testing effects of comparable magnitudes, specif-
ically by using designs where the only difference between the covert and
overt retrieval conditions is the act of articulation (rather than exposure times
or other procedural differences, which was further explored in Study III).

III — does the overt response format matter?

I have presented evidence from research on embodied cognition, writing,
and haptics which show that, regardless of the testing effect per se, the act of
articulation is in some cases an embodied form of cognition associated with
qualitatively different cerebral representations of the visual and sensorimotor
content of the information being articulated, depending specifically on the
mode of articulation. For this reason, the third aim of this thesis, and the
focus of Study III, is to further investigate the effects of different forms of
articulation with respect to the testing effect. Compared to the second aim,
which pertains to the relative efficacy of covert versus overt retrieval, this
third aim relates directly to the relative efficacy of different modes of articu-
lation, specifically handwriting versus typing on a computer keyboard.

IV — the testing effect magnitude as a function of experimental designs

There are a number of methodological considerations, relevant to the relative
efficacy of covert and overt retrieval, which have been outlined above. For
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this reason, this thesis aims to examine the role of list order, and whether it is
manipulated within or between subjects, with respect to the relative efficacy
of covert versus overt retrieval. Specifically, list order is manipulated be-
cause it may affect the way participants perceive and anticipate the learning
task itself, and by comparing these list orders in both within- and between-
subjects designs, I can ascertain whether any differences in final memory
performance is due to transfer effects from one list order to another (i.e.,
blocked to random or vice versa).
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Empirical studies

Study I

Aim

Study I examines the SFP hypothesis (Spellman & Bjork, 1992) of the de-
layed JOL effect, namely that delayed JOLs can be regarded as covert learn-
ing opportunities, and as such, they should produce a memorial benefit rela-
tive to a study-only condition (i.e., a testing effect). The aim was to compare
the effect of making delayed JOLs on later retention with that of an equal
amount of restudy, in a paired-associates paradigm.

Procedure

87 participants were divided into four groups in a 2 X 2 between-subjects
design, with learning groups (study-only vs. delayed JOL) and RI (5 minutes
vs. one week) as the independent variables, and final cued-recall perfor-
mance as the dependent variable. The learning material consisted of 40 Swa-
hili-Swedish word pairs adapted from Nelson and Dunlosky’s (1994) Swahi-
li-English norms. In each study session, every word pair was displayed indi-
vidually, in random order, on a computer screen for 8 seconds. Each session
had a 30-second distractor task between them. The study-only groups per-
formed four consecutive study sessions, whereas the JOL groups alternated
between study sessions and JOL sessions (in which only the cue word was
shown, and participants were asked “How certain are you that you will re-
member the word in [5 minutes or 1 week]?” and responded on a percentage
scale from 0 — 100) for a total of four sessions. After the initial study and
JOL sessions, a final cued recall test was administered after either five
minutes or one week, depending on the RI.
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Results
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Figure 2. Mean recall performance across learning group and retention
interval. Error bars denote the standard errors of the means.

There was a significant interaction between group and RI, F g = 5.31, npz =
.06, p = .02. The JOL groups remembered less than the study-only groups
after five minutes (p = .045; Cohen’s d = .62), and slightly, but non-
significantly more after the long RI (p = .31; d = .31). Although none of the
JOL groups remembered significantly more than their respective study-only
counterpart, the interaction clearly shows that the information was better
retained over time in the JOL group, compared to the study group (see Fig-
ure 2). In terms of the difference between the two Rls for each learning con-
dition (i.e., the amount of information that was forgotten in a week), the
effect size was much larger for the study groups (d = 2.13), indicating a
much faster rate of forgetting than in the JOL groups (d = 1.02). The item-
by-item gamma correlations for the JOL groups were high (1% JOL: M = .79,
SD = .23; 2" JOL: M = .90, SD = .10), meaning that the participants made
highly predictive metacognitive assessments.
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Conclusion

Study I replicated the learning condition x RI interaction that is typically
found in testing effect experiments, however using delayed JOLs as a form
of covert testing instead of overt testing (e.g., cued recall tests). These find-
ings support the SFP hypothesis because they demonstrate that delayed JOLs
may produce a testing effect similar to that of overt testing (as evidenced by
the interaction). This, in turn, indicates that delayed JOLs are likely to elicit
covert retrieval attempts that constitute additional learning opportunities (see
the General Discussion for more on this).

Study 11

Aims

As demonstrated in Study I, covert retrieval (in the form of delayed JOLs)
appears to produce testing effects similar to those of overt retrieval, which is
the typical form of retrieval in testing effect experiments. The aim of Study
I1, then, was to examine whether covert and overt retrieval led to comparable
retention relative to a study-only condition (Exp. 1) and each other (Exp. 2).
Methodologically, the only difference between covert and overt retrieval is
that overt retrieval entails retrieval and articulation of information, whereas
covert retrieval involves only retrieval of information, but no explicit articu-
lation of it. In order to ensure that the covert and overt retrieval conditions
were as comparable as possible, Study II did not use JOLs to elicit retrieval
attempts, but instead instructed participants to retrieve the target information
either silently or by articulating their response. The relative efficacy of these
response formats (i.e., the difference in magnitude of the testing effects they
produce) can thus establish whether the testing effect is driven entirely by
retrieval processes (in which case there should be no relative efficacy) or if
the act of articulation has anything to add to it (in which case I should expect
that the testing effect is more pronounced for overt retrieval than covert re-
trieval).

Procedure

The overall design was highly similar for Experiments 1 and 2 of this study,
the main difference being that response format was manipulated either be-
tween (Exp. 1) or within (Exp. 2) subjects. The change to a statistically more
powerful within-subjects design was due to the small effect sizes typically
reported in similar studies (as was also the case in Exp. 1). Both experiments
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used two Rls (~19 minutes vs. one week) as a within-subjects independent
variable.

Experiment 1

97 participants were divided into three groups (overt testing, n = 33; covert
testing, n = 33; study only, n = 31). The learning material consisted of 40
word pairs, of which 20 were the same Swahili-Swedish translations as in
Study I, and the other 20 were Swedish association norms from Shaps, Jo-
hansson & Nilsson (1976). In each study session, every word pair was dis-
played individually, in random order, on a computer screen for 6 seconds.
Each session had a 30-second distractor task between them. In each testing
session, only the cue word was displayed, and the task was to retrieve the
target word from memory. For the covert retrieval condition, this was done
silently, and for the overt retrieval condition, participants were instructed to
type the target word using a keyboard. All groups performed a total of six
sessions of either consecutive study (study-only group) or alternating study
and testing sessions (3 of each; covert/overt retrieval depending on group),
with distractor tasks between sessions. All participants performed cued-
recall tests after ~19 minutes and again after one week.

Experiment 2

Similarly to Experiment 1, 40 participants learned 48 word pairs, 24 Swahili-
Swedish translations and 24 Swedish association norms. Each participant
performed six learning sessions of alternating study (6s per item) and testing,
where each testing session contained blocks of 24 items tested covertly and
24 items tested overtly, with full counterbalancing and randomization of
items and blocks. Final cued recall tests were administered at ~19 minutes
and again after one week.

Results

Experiment 1

Table 1a. Mean (SD) cued recall performance as a function of retention
interval and response format in Experiment 1.

Response format Retention interval
Short Long
Study-only 81 (.19) S7 (19
Covert .83 (.15) 62 (.19)
Overt .83 (.16) 67 (.19)
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There was no main effect of response format, however there was a response
format % RI interaction (F,, os= 4.50, 77,,2 = .09, p = .01) which was driven
mainly by differences between the study-only condition and the other two
testing conditions after a week. Although the overt testing group performed
significantly better than the study-only group (#; = 2.08, p = .04), the covert
testing did not differ reliably from either group (see Table 1a).

Experiment 2

As evident in Table 1b, there was a main effect of response format, such that
overt testing led to significantly better retention than covert testing (Moyert =
66, SDovert = 17; Meoyert = .63, SDeovert = 17; Fi1 39 = 10.76, m," = 22, p =
.002).

Table 1b. Mean (SD) cued recall as a function of retention interval and
response format in Experiment 2.

Response format Retention interval

Short Long
Covert .69 (.16) 54 (L18)
Overt 72 (.18) 58 (.19)
Conclusion

In addition to replicating a testing effect, Study II also demonstrated that the
response format (i.e., covert or overt retrieval practice) affects later memory
performance. Overt testing led to better retention than covert testing, alt-
hough in only the second of two experiments, and the effect size was small
(d = 18). Thus, it remains to be established whether covert and overt retriev-
al are indeed comparable in terms of the testing effects they produce, and if
so, whether the testing effect is entirely driven by retrieval processes.

Study III

Aims

Study III attempts to further disentangle the effects of retrieval and articula-
tion on later retention. From study I, I learned that covert retrieval produces
a testing effect comparable to that of overt retrieval, however Study Il indi-
cated that there is a relative efficacy of these two response formats. The aims
of Study III, then, are fourfold:
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Aim I

To replicate a testing effect via a response format x RI interaction. This was
done only to ensure that the chosen learning material would indeed produce
a reliable testing effect. For the same reason, only Experiments 1 and 2 in-
cluded the study-only condition necessary for that comparison.

Aim I1

To compare retention following covert and overt retrieval. This was done to
replicate, at least in part, the findings of Study II. This comparison was pre-
sent in all four experiments of Study III.

Aim IIT

To compare different forms of overt retrieval with respect to later retention.
Because of studies that predict both equal (e.g., Putnam & Roediger, 2013;
Smith, Roediger & Karpicke, 2013) and different (e.g., Longchamp, Bou-
card, Gilhodes & Velay, 2006; Mangen & Velay, 2010) magnitudes of the
testing effect as a function of response format, the inclusion of overt re-
sponse formats, associated with varying degrees of embodied cognition, was
needed to either support or refute these theories.

Aim IV

To investigate the effects of list order (blocked vs. random) as well as the
manipulation of this order (within- vs. between-subjects), in such a way that
the effects of retrieval and the effects of articulation can be understood sepa-
rately. This exploratory manipulation was made in an attempt to uncover
possible mediators or moderators of the testing effect, but also because there
are previously discussed grounds for expecting such methodological aspects
to affect the magnitude of the testing effect in ways that do not pertain to the
testing effect itself, such as how participants perceive and anticipate tasks
involved in memory testing.

Procedure

All four experiments of Study III used a word list consisting of 48 word
pairs taken from the Swedish Association norms by (Shaps, Johansson &
Nilsson, 1976) and an initial learning phase consisting of three study ses-
sions in which each word pair was displayed individually on a computer
screen for ~5 seconds (6s in Exp. 1, 5s in Exp. 2—4), with short distractor
tasks between sessions. The learning phase was followed by a testing phase,
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which consisted of additional testing sessions that will be described for each
individual experiment.

Experiment 1 and 2

For 32 participants, the word list was randomly divided into four lists of 12
items and tested in different ways depending on response format condition in
a within-subjects design. For the study-only condition, all word pairs were
displayed individually for 12 seconds. For the covert testing condition, only
the cue word was shown and participants asked to retrieve the target word
and wait until 12 seconds had passed. The two overt testing conditions (i.e.,
typing and writing) were identical to the covert condition, except participants
were also instructed to articulate their answer within 12 seconds, either by
typing it using a keyboard, or by writing it down with pen and paper. After a
five-minute distractor task, a final cued recall test for half of all items was
given, and after one week, the other half of the items were tested in the same
way.

For the 33 participants in Experiment 2, the procedure was identical to that
of Experiment 1, except the test phase contained three consecutive testing
sessions instead of one.

Experiment 3

In the testing phase, which consisted of three consecutive testing sessions, 42
participants were tested covertly and overtly, in blocked and random list
orders, using a within-subjects design. No study-only condition was includ-
ed, and the overt testing condition only included typing. The test duration for
each item was set to 10 seconds. The word list was randomly divided into
four lists of 12 items and tested differently, depending on response format
condition. For the blocked condition, all items were tested in blocks of cov-
ert and overt lists (with counterbalancing), whereas in the random condition,
all 48 items were tested covertly and overtly in random order. The final cued
recall tests were identical to Experiments 1 and 2.

Experiment 4

The design of Experiment 4 was identical to that of Experiment 3, except for
the list order condition, which was manipulated between subjects. Thus, half
of the 64 participants were tested covertly and overtly in blocks, and the
other half in random order for all items.
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Results

Experiment 1

As evident from Table 2, there was a significant main effect of response
format (F393 = 5.98, n; = .16, p = .001), and a response format x RI
interaction (F393 = 8.97, n; = .22,p = .001). Sidak post-hoc compari-
sons show that both the main effect and interaction are driven mainly by the
recall performance of the study-only condition relative to the other three
testing conditions, which did not differ significantly at the long RI.

Table 2. Mean (SD) cued recall performance as a function of response for-
mat and retention interval in Experiment 1.

Response format Retention interval
Short Long
Study-only .80 (.27) 29 (.22)
Covert 7 (27) 52 (.32)
Type .85 (.16) 47 (32)
Write 76 (.26) 50 (.31)

Experiment 2

As in Experiment 1, there was a significant main effect of response format,
(F396 = 3.73, np = .10, p = .0), as well as a response format x RI inter-
action, (F39¢ = 20.35, n; = .39,p = .001). Again, these effects were
mainly driven by the study-only condition and its difference from the other
three response formats (see Table 3).

Table 3. Mean (SD) cued recall performance as a function of response for-
mat and retention interval in Experiment 2.

Response format Retention interval
Short Long
Study-only .85 (.18) 32 (.20)
Covert 72 (.24) 61 (.29)
Type 7 (.22) 58 (.27)
Write 72 (.23) .55 (.30)
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Experiment 3

There was no main ¢ffect of list order. and the main effect of response for-
mat was ncar-significant (F 4, = 3.54, nf, = .08, p = .067). As before,
the response format = Rl interaction was significant (5 min: M. = .76,
SDcovers =.22: Moers = .74 8Dvers = .22 1 week: Mewn = .56; SDpen =.27;
Moyern = 66; SDyere = 25; Fy49 = 934, n; = .19,p = .004), suggesting
that overt retrieval leads to better retention at the long R1. The response for-
mat = list order interaction was also significant (F;4 = 4.20, nj =
.09,p = .047), and it was driven by differences at the short Rl. Specifical-
Iy, there appears to be an advantage for blocked lists when testing overtly,
and an advantage for random lists when testing covertly (sec Fig. 3).
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Figure 3. Mean cued recall performance for items tested, covertly and overt-

ly. in blocks and random order, at the two Rls. Error bars represent the
standard errors of the means. Note that the Y axis begins ar .50.
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Experiment 4

There were no significant main ¢ffects of cither response format or tesling
order. however as in previous experiments, the response format = RI interac-
tion was significant (5 min: Mo = .79 SDoen =200 Moo = 77 5D e -
21; 1 week: Mepwern = .62; SDoprerr =.21; Movers = .68; SDgyers = .21, Fy 53 =
7.95, il‘jlf} = .11, p = .006), which indicates a relative efficacy in favor of
overt versus covert retrieval at the long Rl (see Fig. 41
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Figure 4. Mean cued recall performance for items tested. covertly and overt-
Iy, in blocks and random order, at the two Rls. Error bars represent the
standard errors of the means. Noie that the Y axis begins at .50,

Conclusion

The four experiments of Study 111 have vielded mixed support for the notion
that overt retrieval leads to better retention than covert retrieval. In Experi-
ments | and 2, there was no difference in magnitude of the testing effect
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produced by the two response formats, whereas Experiments 3 and 4 did find
evidence for such a difference. So, on the one hand, I am encouraged to re-
gard the testing effect as driven exclusively by retrieval processes, and on
the other, I have indications that articulation may add to the testing effect
beyond what is already produced by retrieval alone. By looking at the effect
sizes of these experiments, and others like them, it would seem that this add-
ed benefit of articulation is too small to have any appreciable impact on the
testing effect. Moreover, it still needs to be established whether the relative
efficacy of covert versus overt retrieval (whenever such a difference is
found) is due to methodological differences (such as the nature of the learn-
ing material, its complexity, and the Rls used between tests) rather than pro-
cesses that pertain specifically to retrieval and articulation, as has been pre-
viously assumed.
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General discussion

In this thesis, I have presented findings and theories that have different im-
plications for the testing effect, its drivers and its boundary conditions. In the
three studies that comprise this thesis, I have demonstrated testing effects
produced by covert retrieval, compared covert and overt retrieval with re-
spect to later retention, compared degrees of embodied cognition for the
overt retrieval conditions, and finally explored boundary conditions of the
testing effect pertaining to experimental designs. The results of these com-
parisons have practical implications for the ways in which the testing effect
can be expected to occur in learning environments, for instance when using
tests as a learning aid, or by using flashcards to study for an upcoming exam.

In regards to the first aim (i.e., does covert retrieval produce a testing ef-
fect?), there are two experiments in this thesis (i.e., Study I and Exp. 1 of
Study II) that support the notion that covert retrieval produces a testing ef-
fect, as evidenced by a response format x RI interaction. The findings of
Study I are interesting from point of view of the meta-analysis on delayed
JOL effects by Rhodes and Tauber (2011), who also found that covert re-
trieval (i.e., delayed JOLs) produces a testing effect. However, the effect size
was very small (Hedge’s g = .08), especially when compared to the more
robust effects on memory monitoring (i.e, JOL accuracy; g = .93), meaning
that the main benefits of delayed JOLs pertain to memory monitoring rather
than memory performance. Nevertheless, these comparisons pertain to ef-
fects of immediate versus delayed JOLs, meaning that the memorial benefit
of retrieval itself (regardless of what prompted it) remains to be ascertained.

Pertaining to the second aim (i.e., is there a relative efficacy of covert versus
overt retrieval?), Study I did not include an overt retrieval condition, which
prevents us from ascertaining the magnitude of a testing effect produced
under more “typical” conditions, for comparative reasons. In other words,
there is no way of knowing if repeated (overt) testing would have produced a
similar testing effect under the same circumstances. Moreover, it is uncertain
whether delayed JOLs and instructed covert retrieval entail similar retrieval
efforts (e.g., Tauber, Dunlosky & Rawson, 2015; Jonsson, Olsson & Hedner,
2012), meaning that covert retrieval may be more beneficial to retention than
was indicated by the findings of Study I, depending on how it is applied in
experimental settings. However, I would argue that while the results of
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Study I will not, perhaps, have far-reaching practical consequences for the
learning strategies employed by students everywhere (i.e., the JOL condition
did not outperform the study-only condition at the long RI), they do demon-
strate that covert retrieval (to the extent that delayed JOLs entail it) is indeed
associated with a testing effect similar to that which is found when using
overt testing formats, which is in line with what is posited by the SFP hy-
pothesis.

It is important to recall the findings of Tauber, Dunlosky and Rowland
(2015), namely that delayed JOLs do not improve memory to the same ex-
tent as does overt memory testing, specifically because delayed JOLs are
associated with smaller retrieval efforts. Given the design of Study I, it re-
mains uncertain whether its results are consistent with this assertion, simply
because there was no overt retrieval condition with which to compare the
response latencies. In Study II, however, response latencies were compared
for covert and overt retrieval. Specifically, in Experiment 2, response laten-
cies were significantly smaller for the overt condition, but only at the short
RI. At the long RI, there was no such difference, indicating that participants
are likely to have made equally effortful retrieval attempts when tested cov-
ertly and overtly after a week. It should be noted, however, that retrieval
latencies during learning were smaller for the overt condition, indicating
better learning. For Experiment 1, a typical testing effect was observed, but
there was no significant difference in memory performance between overt
and covert retrieval. In Experiment 2, such a difference did appear, albeit
small. Taken together, these findings suggest that, while it is clear that covert
retrieval produces a testing effect (and perhaps more so in the case of in-
structed covert retrieval than when making JOLs), it is not clear that overt
retrieval reliably improves memory more than does covert retrieval. Granted,
I have not found any evidence that suggests negative effects of articulation,
but that does not prove that articulation should improve memory in cued-
recall paradigms. That would essentially be using the absence of negative
effects to claim the presence of positive ones. In Study II, Experiment 2
showed that overt retrieval outperformed covert retrieval, however the re-
ported effect size was small (Cohen’s d = .18)". So, if there are no negative
effects of articulation, and the positive effects are so small, what is the rea-
son for promoting retrieval practice that entails articulation? I would say
there is no such reason. However, I also see no reason for learners to refrain
from articulation altogether, as it does not appear to affect memory adverse-

ly.

! Because of the within-subjects design of Exp. 2 in Study I, the effect size should be correct-
ed for correlations between measurements (see Morris & DeShon, 2002), which yields a true
effect size of d = .35. Nonetheless, this effect size is also considered small (Cohen, 1988).
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Study III yielded mixed results, such that a relative efficacy in favor of overt
retrieval was partially supported by Experiments 3 and 4 (but not Experi-
ments 1 and 2). Similar to the findings of Study I, this effect was demon-
strated in the form of a response format x RI interaction, meaning that overt
retrieval outperformed covert retrieval only after a long RI (i.e., a week).
This finding is interesting when linked to the argument by Toppino and Co-
hen (2009) that the testing effect itself is typically more pronounced after a
longer RI. In Experiments 1 and 2, this is exactly what was found (i.e., a
testing effect was replicated), but in Experiments 3 and 4, no study-only
condition was included. There, the response format x RI interaction pertains
only to the relative efficacy of covert versus overt retrieval, and such a rela-
tive efficacy was only observed at the longer RI. In other words, just as the
effects of studying and testing are dissociated only after some time has
passed, so the effects of retrieval and articulation are dissociated only after a
longer RI. This indicates that the overt retrieval condition may benefi later
retention, relative to covert retrieval, very similarly to how the testing effect
itself is manifested. This line of reasoning is akin to Bjork and Bjork’s
(1992) distinction between retrieval strength (i.e., the current possibility to
access certain information) and storage strength (i.e., the degree to which
something has been learned), where retrieval is reliant on retrieval strength
and storage strength determines the rate at which information is forgotten.
Thus, because differences were only observed after the longer RI, it would
seem that the added element of articulation does not affect the retrieval
strength of learned information, but rather the storage strength. In Experi-
ment 2 of Study II, the main effect of response format contradicts this inter-
pretation, however it should be noted that the short RI was approximately 19
minutes, compared to the 5-minute RI used in Study III. Taken together,
these observations are all the more reason to thoroughly investigate the im-
portance of the chosen retention intervals in typical testing effect experi-
ments.

Study III includes a limited review of the effect sizes reported in studies that
directly compare test effects produced by covert and overt retrieval. This
review is by no means exhaustive, but it does provide a reasonable estimate
of the true effect size of this comparison. Granted, there are still very few
studies that compare covert and overt retrieval. Unlike the testing effect it-
self, which is very robust (e.g., Roediger & Karpicke, 2006a), the cov-
ert/overt relative efficacy comparison yields effect sizes with a weighted
average of d = .07 (see Table 4). By contrast, Adesope et al. (2017) com-
pared 118 testing-effect studies in a meta-analysis, and arrived at an overall
(testing) effect size of Hedge’s g = .61. Moreover, the overall effect size for
the testing effect, as reported by Smith, Roediger and Karpicke (2013), was
Cohen’s d = 1.10, which is considered a large effect.
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Table 4. The relative efficacy of overt versus covert retrieval as reported in
13 experiments (from Study III). A positive effect size denotes a relative effi-
cacy in favor of overt retrieval.

Study Effect size (Cohen's d; 95% C1)
1 Study I1, Exp. 1 A
2 Study 11, Exp. 2 F——o—
3 Putmam & Roediger (2012). Exp. | *—0—4
4 Putnam & Roediger (2012). Exp. 2 A
5 Putnam & Roediger (2012). Exp. 3 ———
6 Smith, Roediger & Karpicke (2013), Exp. 1 ——0——i
7 Smith, Roediger & Karpicke (2013), Exp. 2 ————
8 Smith, Roediger & Karpicke (2013), Exp. 3 I —
9 Smith, Roediger & Karpicke (2013), Exp. 4 ——o—i !
10 Study 111, Exp. 1 —0—
11 Study II1, Exp. 2 p—0r——
12 Study 111, Exp. 3 ¢ —o—
13 Study 111, Exp. 4 o
Study 1-9 F—o—
Study 1-13 Ho—

T T 1 T T
-1.0 =05 0.0 05 1.0

In regards to the third aim (i.e., does the overt response format matter?), the
results of Study III could not confirm any advantages that would arise from
processes related to embodied cognition — such as more retrieval routes for
handwritten information than for typed information (cf., Mangen & Velay,
2010) — because the two overt response formats did not contribute differen-
tially to the testing effect. However, and as discussed in Study III, this may
be the result of difficulties inherent to the task of responding on both key-
board and with pen and paper, such that it was difficult for participants to
switch between these two overt response formats, effectively making them
preoccupied by the task (or switching thereof). A more thorough investiga-
tion of the effects of various ways of articulating responses, (such as typing
and writing) will need to be undertaken before they can be definitively ruled
out as possible moderators of the testing effect.

Another caveat of Study III pertains to the number of to-be-remembered
items (i.e., 48) relative to the number of manipulations (e.g., 2: RI x 2: re-
sponse format x 2: list order), which leaves only six items to be tested for
each condition. Means calculated from so few measurements are prone to
measurement errors and unusually large variances, and it appears the stand-
ard deviations and standard errors in the four experiments of Study III are
larger than those reported in Study II, despite their similar designs. However,
the values for skewness and kurtosis are well within £2 (see Gravetter &
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Wallnau, 2014) for all conditions, meaning that data are close to normally
distributed, which in turn justifies the chosen statistical analyses.

The fourth aim (i.e., to examine the testing effect magnitude as a function of
experimental designs) pertains to some of the issues described above, name-
ly that there may be boundary conditions to the relative efficacy of covert
versus overt retrieval. How do we reconcile the disparate findings within this
field? For instance, whereas Putnam and Roediger (2013), along with Smith,
Roediger and Karpicke (2013), provide evidence that there is no relative
efficacy of covert versus overt retrieval, both Studies II and III of this thesis
are in partial disagreement with such a conclusion. Study III has specifically
investigated factors that may explain these differences from a theoretical
perspective.

Firstly, the relative efficacy of covert versus overt retrieval was examined as
a function of list order. As evidenced by Rowland, Littrell-Baez, Sensenig
and DeLosh (2014), the testing effect itself does not appear to be differen-
tially affected by list order, but that does not definitively prove that covert
retrieval is equally effortful as overt retrieval, or even based on the same
premises, meaning that list order may indeed contribute to selective effects
of response format. The rationale was that if items were tested in blocks,
participants could anticipate the way in which subsequent items would be
tested and therefore adjust their retrieval efforts or strategies accordingly.
For random covert and overt tests, however, this would not be an option (cf.,
Jonker, Levene & MacLeod, 2014). In Experiments 3 and 4 of Study III, list
order had no appreciable impact on covert and overt retrieval, as memory
performance did not differ for random or blocked lists. Granted, there was a
response format by list order interaction, but only at the short RI. I interpret
this as a good ability, on the part of the participants, to follow experimental
instructions, that is, they did not seem to adjust their retrieval efforts or strat-
egies based on how (i.e., in what order) the items were tested.

The retrieval efforts associated with covert and overt retrieval were inferred
by the response latencies during learning and final testing. Generally, the
response latency differences corresponded very well to differences in
memory performance, so that better memory performance was associated
with smaller response latencies at final recall. In Experiments 1 and 2 of
Study III, memory performance was equal for all testing conditions, whereas
the study-only condition differed from all three. Similarly, the response la-
tencies did not differ between the testing conditions, but the study-only con-
dition differed significantly from all three. In Experiment 3, the response
format x RI interaction was reflected in larger response latencies for covert
retrieval than for overt retrieval (albeit for different list orders, depending on
retention interval). Finally in Experiment 4, the advantage for overt retrieval

55



at the long RI was echoed by larger response latencies for covert retrieval at
the long RI. This suggests that the advantage for overt versus covert retrieval
does not appear to be the result of differences in retrieval effort.

Secondly, the findings of Huff, McNabb and Hutchison (2015) testify to the
possible consequences of within- or between-subject manipulations of list
order. For this reason, Experiment 4 of Study III compared random and
blocked list orders manipulated both within (cf.,, Exp. 3) and between
groups, however results showed that, similarly to Experiment 3, there were
no effects of list order whatsoever. Putnam and Roediger (2013) tested the
TAP hypothesis by manipulating response format (during learning) within
subjects, and final test format between subjects, and found no effects of ei-
ther response format or final test format, thus refuting the TAP prediction.
So, to the extent that Experiment 4 includes conditions that are beneficial
from point of view of the TAP prediction, it corroborates the findings of
Putnam and Roediger (2013). It should be noted, though, that in their exper-
iments, the covert retrieval condition may have been confounded by JOLs
during restudy (effectively making the covert and restudy conditions very
similar), but nonetheless, it serves as an example where covert and overt
retrieval appear largely unaffected by both within- and between subject ma-
nipulations.

In several experiments of this thesis, I find support for the notion that overt
retrieval produces a more pronounced testing effect than covert retrieval.
However, because of small effect sizes, I am encouraged to regard retrieval
as the primary driver behind the test effect, and to conclude that articulation
does not boost the testing effect to an appreciable extent. Nonetheless, this
assertion is still confined to the typical designs used in testing effect experi-
ments, which are often limited to rather simple materials and tasks (e.g.,
word pairs and cued recall tests). Therefore, in order to apply these findings
in a broader educational setting, I will discuss designs, materials and tasks
that better reflect classroom and other real-world learning environments.

Future directions and implications for education

Thus far, this thesis has investigated a number of methodological aspects of
typical testing-effect experiments where covert and overt retrieval are com-
pared. The evidence provided here do not definitively rule out the possibility
that such aspects may play a role in determining the memorial benefit asso-
ciated with different response formats. For example, there are still a number
of viable candidates, such as the length of the chosen RI, within- and be-
tween-subjects manipulation of the response format itself (as opposed to list
order, as in Study III), as well as the nature of the learning material itself, for
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instance its difficulty and complexity. Given the inconclusive and disparate
findings from Studies II and III, along with others that directly compare cov-
ert and overt retrieval (e.g. Putnam & Roediger, 2013; Smith, Roediger &
Karpicke, 2013), it is essential to understand why and how designs that use
similar materials, similar designs, and similar procedures, still produce dif-
ferent results. Such methodological differences may, then, inform us about
the boundary conditions of not only the testing effect itself, but also the rela-
tive efficacy of covert and overt retrieval.

As mentioned earlier, the testing effect is typically more pronounced after
longer RIs (Toppino & Cohen, 2009), and it remains to be established
whether the effects of response format are also affected by the length of the
RI in a similar way. This position can be explained, in part, by Kornell,
Bjork and Garcia’s (2011) distribution-based bifurcation model. In this mod-
el, testing is assumed to decrease the rate of forgetting relative to infor-
mation that is not tested (or only studied). This difference in the forgetting
rate can be explained in terms of Bjork and Bjork’s (1992) storage and re-
trieval strength hypothesis. So, to the extent that articulation increases stor-
age strength (which, in turn decreases the rate of forgetting), I should expect
an advantage for overt versus covert retrieval over increasingly long Rls.
Relatedly, Adesope, et al. (2017) report that testing effect studies in class-
room settings tend to have longer retention intervals, with 67% of them hav-
ing RIs between 7 and 42 days, compared to laboratory studies where 59%
used RIs shorter than 24 hours. Given the nature and purpose of tests in edu-
cational settings, I would argue that studies that use longer Rls better reflect
the ongoing learning efforts among students everywhere, compared to short-
er Rls in laboratory environments, meaning that the validity of studies that
replicate classroom settings is likely higher than laboratory studies. This is a
possible venue for future research efforts.

The manipulation of response formats within or between subjects is another
viable candidate, insofar as previous studies have used both types of manipu-
lations. However, the findings Putnam and Roediger (2013; Exp. 1 & 2),
along with the disparate results Study III, suggest that within- or between-
subject manipulations do not selectively affect they way participants per-
ceive the task, and thus engage in similar retrieval processes (as evidenced
also by response latencies in Study II). If anything, [ would argue that specif-
ic instructions pertaining to the covert and overt retrieval conditions (i.e., the
extent to which they instruct participants to engage in the same retrieval
efforts for both conditions) are just as important in this regard.

Perhaps more so than any other aspect of the testing effect, I would argue
that the properties of the learning material itself should be considered, as

well as how memory is tested. The testing effect is mainly demonstrated
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within the domain of recall tests (either free or cued; but only cued recall
tests were used in this thesis) of paired associates, that is, word pairs that are
either semantically related to some degree, or translations from a native to a
foreign language. The question of whether the effects, that are observed
when learning and testing paired associates, are also observed for more
complex materials is crucial to our understanding of the testing effect and
how it applies to situations outside of the laboratories (cf., Kang, McDermott
& Roediger, 2007, who observed testing effects for multiple-choice and
short-answer question materials). For instance, | would argue that in order to
do well on a final exam, students will need to memorize materials that are
more challenging (in terms of their complexity and what is needed to under-
stand them) than paired associates. This means that even if they adopt learn-
ing strategies known to produce testing effects, they will still only benefit
from those testing effects to the extent that they apply to the learning materi-
al itself. Thus, if testing effects are observed for paired associates, but per-
haps not for more complex materials, this severely limits the implications of
the testing effect in an educational setting.

Recently, Tauber and colleagues (2016) provided very promising evidence
in this regard. Specifically, they compared covert and overt retrieval for key-
term definitions, which can be considered a more complex learning material.
Final recall took place after 48 hours and in the first of two experiments, the
overt retrieval group had retained more key-term definitions than the covert
group. Interestingly, in the second experiment, the instructions for the covert
retrieval condition were altered to more explicitly instruct participants to
silently retrieve but not articulate the answer (i.e., the definition of a term).
With this change, the relative efficacy in favor of overt retrieval disappeared.
These results indicate that the testing effect may indeed be observed for
more complex materials, and they raise an interesting question in regards to
what covert retrieval actually is. As argued by Putnam and Roediger (2013),
the benefit of overt retrieval, relative to covert retrieval, appears to diminish
as the two response formats are made to procedurally resemble each other. In
other words, what Tauber and colleagues (2016) refer to as “enhanced covert
retrieval” is an effortful retrieval attempt because participants were explicitly
instructed not to rely on the level of familiarity with the cue, but rather re-
trieve the entire information (albeit silently). This is substantial evidence for
the notion that as long as the retrieval processes involved during learning are
the same (i.e., retrieval is effortful), so too are the testing effects for different
response formats (cf., Hyde & Jenkins, 1973). This notion is also consistent
with the previously presented ideas on subvocal articulation (cf., Baddeley,
2001), as the “enhanced covert retrieval” condition clearly encourages sub-
vocal articulation to a greater extent than does ordinary covert retrieval,
meaning that it becomes more similar to overt retrieval. So, in addition to
understanding effects of the learning material itself, it seems future research
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should also focus on separating articulatory processes from retrieval pro-
cesses, possibly by suppressing subvocal rehearsal during retrieval. In light
of the findings presented above, I would call for a shift from typical testing
effect designs that feature simple materials and tasks, measured over short
periods of time, to designs that feature complex learning materials and tasks,
as well as longer Rls that better reflect how learning occurs in real-life set-
tings.

Concluding remarks

Based on the findings of the three studies of this thesis, and in light of the
much larger effect sizes reported for testing effect manipulations other than
response format, it should be seriously considered whether the comparison
between covert and overt retrieval, and their effects on subsequent retention,
is nothing more than a laboratory phenomenon with no appreciable implica-
tions for real-world educational settings. From here on, focus should instead
be turned towards the learning materials themselves, and the extent to which
they reflect the challenges posed to learners everywhere on a daily basis.

Most testing effect studies have, until fairly recently, almost exclusively
used overt response formats, and the results have directly impacted the de-
velopment of learning techniques and strategies among students and teach-
ers. Indeed, Dunlosky and colleagues (2013) reviewed the effectiveness of
different learning strategies, and concluded that retrieval practice was one of
few strategies that reliably improved later retention. However, as many stu-
dents likely engage in covert retrieval during learning, it has remained uncer-
tain whether students are, in fact, enjoying the full benefits of the testing
effect. As this thesis has shown, it appears they are — as long as they engage
in retrieval practice.

With respect to underlying processes, the findings reported here suggest that,
within a paired-associates, cued-recall paradigm, the testing effect is almost
exclusively driven by retrieval, and that articulation adds very little to its
magnitude under the circumstances of a typical testing effect experiment.
That is not to say that articulation cannot be beneficial for retention altogeth-
er, however from point of view of the testing effect, it seems that retrieval is
paramount.
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