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Abstract
Human memory research has shown that practicing retrieval improves long-term memory,
and that stress induced before retrieval impairs memory performance. A recent study by
Smith, Floerke, and Thomas (2016) has shown that this detrimental effect of stress on
memory does not occur when materials are encoded via retrieval practice. In this study, we
sought to replicate this protective effect of retrieval practice under conditions of stress, while
controlling for item difficulty. Participants (59 undergraduate men) first studied 40 Swahili-
Portuguese word pairs. Half of the word pairs were then repeatedly restudied while the other
half were repeatedly retrieval practiced. Half of the pairs in each condition were high in
memorability (easier), whereas the other half were low in memorability (harder). Participants
were then asked about which learning strategy (restudy vs. retrieval practice) would result in
better recall on a subsequent test. One week later, participants returned for a final cued-recall
test. Half of the participants underwent a stress-induction protocol (modified SECPT) 25 min
before the beginning of the memory test for all 40 word pairs; the other half underwent a
control condition. Salivary cortisol and questionnaire responses were used to assess the
efficacy of stress induction. Results showed that stress was successfully induced in the stress
group. In addition, participants recalled more word pairs when learned via retrieval practice
than via restudy, replicating previous findings. Unexpectedly, the retrieval practice effect was
larger for easier targets than for harder targets. In addition, most participants expected to
recall more items in the retrieval practice condition than in the restudy condition, in line with
actual performance, but unlike previous results indicating poor metacognitive calibration in
similar samples. The protective effect of retrieval practice, as reported by Smith et al (2016),
was not replicated, possibly due to a floor effect in the restudy condition. The results,
however, revealed an unanticipated interaction in the retrieval practice condition such that

stress increased recall for harder items but decreased recall for easier items. We provide a
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tentative account of this finding by suggesting that retrieval practice of harder items adds a
stress-related attribute to the item’s memory trace, whose retrieval is later facilitated under
stress (conditionalized analysis). The results suggest that the impact of stress on memory

depends both on the learning strategy and on the intrinsic difficulty of the material.

Keywords: retrieval practice; cued recall; stress; cortisol; item difficulty.
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Resumo
Pesquisas sobre memdria humana mostram que a pratica de lembrar melhora a memdria de
longo prazo, e que a inducéo de estresse antes da evocacao prejudica a performance da
memoaria. Um estudo recente de Smith, Floerke, and Thomas (2016) mostrou que esse efeito
deletério do estresse ndo acontece quando o conteudo foi codificado via préatica de lembrar.
Neste estudo, n6s buscamos replicar esse efeito protetivo da préatica de lembrar sob estresse,
controlando a dificuldade do item. Os participantes (59 alunos de graduagéo) estudaram 40
pares de palavras Suaili-Portugués. Metade dos pares foram, entdo, estudados por releitura,
enguanto a outra metade foi estudada por pratica de lembrar. Metade dos pares em cada
condicdo tinha memorabilidade alta (faceis), enquanto a outra metade tinha memorabilidade
baixa (dificeis). Os participantes foram questionados, ao final da sessao, sobre qual estratégia
de estudo (releitura vs. préatica de lembrar) traria melhores resultados em um teste
subsequente. Uma semana depois, 0s participantes retornaram para o teste final de memodria.
Metade dos participantes foi submetida a um protocolo de inducéo de estresse (SECPT-
modificado) exatamente 25 min antes do inicio do teste final de memaoria com os 40 pares de
palavras, enquanto a outra metade dos participantes foi submetida a uma condigéo controle.
Cortisol salivar e respostas em questionarios foram usadas para aferir a eficicia da inducéo de
estresse. Os resultados mostram que o estresse foi induzido com sucesso no grupo
experimental. Os participantes lembraram mais pares de palavras que haviam sido estudados
por préatica de lembrar do que por releitura, replicando achados da literatura. Inesperadamente,
o efeito de pratica de lembrar foi maior para pares de palavras faceis do que dificeis. Além
disso, a maioria dos participantes indicou maior expectativa de recordacéo para itens
estudados por pratica de lembrar do que por releitura, condizente com a performance real,
mas na direcdo oposta aos resultados presentes na literatura, que indicam uma ma calibragem

metacognitiva em amostras similares. O efeito protetivo da pratica de lembrar, como
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reportado em Smith et al. (2016), ndo foi replicado, possivelmente por cause de um efeito
ch&o no condicdo de releitura. Os resultados, contudo, relevam uma interagdo néo esperada na
condicéo de prética de lembrar, a de que o estresse melhorou a performance de itens dificeis,
mas piorou a de itens faceis. Fornecemos uma descrigdo provisoria desse achado, sugerindo
que a préatica de lembrar aplicada a itens dificeis adiciona um atributo de estresse ao trago de
memoaria correspondente, cuja evocagdo é posteriormente facilitada sob estresse (analise
condicionalizada). Os resultados sugerem que o impacto do estresse na memoria depende

tanto da estratégia de ensino adotada quanto da dificuldade intrinseca do item a ser aprendido.

Palavras-chave: prética de lembrar; recordacdo com pistas; estresse; cortisol; dificuldade do

item.
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Resumo Expandido
Pesquisas sobre memaria humana mostram que a pratica de lembrar —que é uma estratégia de
estudo que consiste em utilizar o tempo de reestudo para evocar memorias ja armazenadas—
melhora a memoria de longo prazo, e que a indugdo de estresse antes da evocagdo prejudica a
performance da memoria, por alterar o funcionamento do hipocampo, devido a saturacdo de
receptores glicocorticoides pelo cortisol, hormonio liberado em consequéncia do estressor.
Um estudo recente de Smith et al. (2016) mostrou que esse efeito deletério do estresse ndo
acontece quando o contetdo havia sido codificado via pratica de lembrar. Neste estudo, nds
buscamos replicar esse efeito protetivo da pratica de lembrar sob estresse, controlando a
dificuldade do item. Os participantes (59 alunos de graduacédo) estudaram 40 pares de
palavras Suaili-Portugués. Metade dos pares foram, entdo, estudados por releitura, enquanto a
outra metade foi estudada por pratica de lembrar. Metade dos pares em cada condicdo tinha
memorabilidade alta (faceis), enquanto a outra metade tinha memorabilidade baixa (dificeis),
segundo dados extraidos de um recente estudo de normas suaili-portugués. Os participantes
foram questionados, ao final da sessao, sobre qual estratégia de estudo (releitura vs. pratica de
lembrar) traria melhores resultados em um teste subsequente, com o interesse em verificar o
comportamento metacognitivo dos participantes sobre estratégias de estudo. Uma semana
depois, o0s participantes retornaram para o teste final de memoria dos 40 pares estudados.
Metade dos participantes foi submetida a um protocolo de inducéo de estresse denominado
SECPT-modificado. O protocolo envolvia tanto elementos de avaliagdo social (filmagem do
participante) quanto de inducéo fisioldgica de estresse (imersdo de uma das méos em agua
gelada, entre 0 e 2 °C, por até 2 min). A inducédo do estresse ocorreu 25 min antes do inicio do
teste final de memaria com os 40 pares de palavras, momento em gque acontece 0 pico do
cortisol no organismo. A outra metade dos participantes foi submetida a uma condicéo

controle, na qual a &gua estava na temperatura ambiente e ndo havia elementos de avaliacéo
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social envolvidos na tarefa. O cortisol salivar e respostas em questionarios de autorrelato de
estresse e ansiedade foram usados para aferir a eficacia da inducdo de estresse. Os resultados
mostram que o estresse foi induzido com sucesso no grupo experimental, mas o efeito
principal do estresse na memoaria ndo foi achado entre grupos. Os participantes lembraram
mais pares de palavras que haviam sido estudados por pratica de lembrar do que por releitura,
replicando achados da literatura. Inesperadamente: (1) o efeito de pratica de lembrar foi maior
para pares de palavras faceis do que dificeis, o oposto ao hipotetizado, nos levando a sugerir
que dificuldade da tarefa e dificuldade do item tem efeitos distintos na codificagéo e evocagéo
da memoria, e (2) a maioria dos participantes indicou expectativa de que lembraria mais itens
estudados por pratica de lembrar do que por releitura, condizente com a performance real,
mas o0 oposto de resultados presentes na literatura, que indicam uma ma calibragem
metacognitiva em amostras similares. O efeito protetivo da pratica de lembrar, como
reportado em Smith et al. (2016), ndo foi replicado, possivelmente por causa de um efeito
ch&o no condicéo de releitura e 0 ndo efeito significativo do estresse entre grupos. Os
resultados, contudo, relevam uma interacdo ndo esperada na condigédo de pratica de lembrar, a
de que o estresse melhorou a performance de itens dificeis, mas piorou a de itens faceis.
Fornecemos uma descri¢do provisoria desse achado, sugerindo que a interagdo entre itens
dificeis e a pratica de lembrar adicionou um atributo relacionado ao estresse ao trago de
memoria do item, de forma que em situacdo de estresse em teste posterior, a evocacdo desse
traco seria facilitada (analise condicionada). Os resultados sugerem que o impacto do estresse
na memoria depende tanto da estratégia de ensino adotada quanto da dificuldade intrinseca do

item a ser aprendido.

Palavras-chave: pratica de lembrar; recordacdo com pistas; estresse; cortisol; dificuldade do

item.
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Introduction

Human memory is more than a mental box in which we keep records of our past; it is a
complex system that recruits different areas of the brain, thus activating many cognitive and
neural networks, representing one of the most remarkable abilities of human behavior.
Memory is influenced by several different biological, psychological and environmental
factors (Baddeley, Eysenck, & Anderson, 2015). Kandel (2001) thoroughly describes the
molecular biology of memory and states that long-term memory (LTM) involves a specialized
brain system in the medial temporal lobe, the hippocampus, and also the activation of gene
expression, protein synthesis, neuronal growth and consequent formation of new connections.
In fact, research on human memory has been conducted for over a century (Gates, 1917;
Miller & Pilzecker, 1900; Spitzer, 1939) and still presents many open questions (Jaeger,
Galera, Stein, & Lopes, 2016; Roediger, 2008). In educational settings, memory research is of
great relevance, as it enables the assessment of learning strategies currently employed by
educators and students (Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013). Memory
research in educational settings also allows the development of methodologies and materials

that can help students encode and retrieve course-relevant information more effectively.

Retrieval practice

Among all different kinds of learning strategies, the most popular involves reading the
to-be-learned materials several times (Karpicke, Butler, & Roediger, 2009). However,
retrieving information from memory, rather than rereading the same information, is both a
potent memory booster and also a learning event in itself (Bjork, 1994). People’s beliefs about
learning, usually built on faulty assumptions about memory functioning, often leads to the use
of suboptimal learning strategies (Bjork, Dunlosky, & Kornell, 2013). Students’ poor

metacognitive awareness may be due to perceptual fluency (Bjork, 1999), which represents
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the sense of familiarity that increases when they read several times the same information,
giving students a false perception of competence. This metacognitive illusion has great impact
on the decision of which strategy is to be used, and students usually choose to read several
times the to-be-learned information, although this strategy is considerably less effective than
the retrieval practice (Roediger & Karpicke, 2006b). Educators also tend to be fonder of using
learning strategies that encourage elaborative studying, instead of applying techniques that
require students to practice reconstructing knowledge (Karpicke & Blunt, 2011). This is
probably so because retrieving information on a test is usually considered a neutral event that
measures the amount of information learned over a specific amount of time but does not
stimulate or produce learning, and because both teachers and students tend to see tests as a
bother. Therefore, tests are widely used in educational settings only as a means of
longitudinally measuring students’ cumulative knowledge.

However, recent systematic reviews (Adesope, Trevisan, & Sundararajan, 2017;
Eisenkraemer, Jaeger, & Stein, 2013) and a large body of cross-disciplinary studies including
applied linguistics and cognitive psychology (Barcroft, 2007; Barcroft, 2015; Bjork, 1975,
1988; Carpenter, Pashler, & Vul, 2006; Carrier & Pashler, 1992; Hogan & Kintsch, 1971;
Karpicke & Roediger, 2008; McDaniel & Masson, 1985; Roediger & Karpicke, 2006a,
2006b; Spitzer, 1939; Tulving, 1967; Wheeler & Roediger, 1992) have shown that tests do
much more then measuring learning; they can also enhance learning. As asserted by Storm,
Bjork, and Storm (2010, p. 244): “Not only does information that has been tested become
more recallable in the future than it would have been otherwise, that information, if retrieved,
becomes more recallable than if such a test was replaced by an additional study opportunity”.

Recent studies have repeatedly shown that long-term memory is affected positively by
retrieval practice tests (Abel & Roediger, 2017; Roediger & Butler, 2011; Smith, Roediger, &

Karpicke, 2013). Researchers have called this phenomenon the testing effect (Roediger &
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Karpicke, 2006a; Wheeler & Roediger, 1992) or the retrieval-practice effect (Karpicke,
Lehman, & Aue, 2014). Retrieval practice (RP), the study strategy that involves recalling
information previously studied in order to aid future recall, is considerably more effective
than other study strategies, such as study practice (SP), which involves rereading the to-be-
learned materials, and concept mapping, which involves establishing elaborate relationships
among the to-be-learned materials (Karpicke & Blunt, 2011). Retrieval-practice effects are
observed even when retrieval practice occurs under divided attention (Buchin & Mulligan,
2019) and even when the final recall test occurs under conditions of stress (Smith et al., 2016;
Sz6116si et al., 2017). The RP effect is modulated by retrieval difficulty during the encoding
phase. Pyc and Rawson (2009) showed that recall rates in a delayed test are higher when the
interval between retrieval episodes is long (difficult retrieval condition) compared to when the
interval is short (easy retrieval condition). Studies show that RP effects are modulated by the
retrieval difficulty during encoding, as participants recall rates are higher in a delayed test
when the learning task was more difficult. The RP effect is also modulated by individual
differences in participants characteristics (fluid intelligence) and stimulus characteristics (item
difficulty) (Minear, Coane, Boland, Cooney, & Albat, 2018).

Karpicke and Roediger (2008) shows that RP produces large positive effects on long-
term memory storage and retrieval, provided that the testing task promotes the opportunity to
try to recall and reconstruct the information previously studied. That is because not any kind
of testing produces learning, as not all test procedures include practicing retrieval, like when
students take the test with prompt access to the relevant material (Agarwal, Karpicke, Kang,
Roediger, & McDermott, 2008).

Experimental paradigms on the testing effect usually comprises three phases: (1) the
study phase, in which participants are exposed to the to-be-learned materials (e.g., cue-target

word pairs, such as wingu-cloud); (2) the practice phase, in which the to-be-learned materials
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undergo either restudy (e.g., re-reading wingu-cloud) or retrieval practice (e.g., recalling cloud
given wingu- or wingu-cl___); and (3) the criterial test phase, encompassing all stimuli

presented on the study phase (e.g., recall cloud given wingu- in a cued-recall paradigm).

Accounts of the retrieval-practice effect

Several hypothesis have been put forward to account for the retrieval-practice effect.
In the following, we summarize the accounts most relevant to the present study.

Transfer-appropriate processing. Morris, Bransford, and Franks (1977) argued that
the more similar the processing conditions in which the person encodes and retrieves
information, the higher the probability of recall. Some findings support this account of the
retrieval practice effect by showing that performance on the final test was better when tests
formats during practice and final retrieval were identical (e.g., Johnson & Mayer, 2009).
Although processing similarity may indeed modulate the testing effect, it may not be
necessary to elicit the effect, as some studies have shown that retrieval practice elicits the
highest improvement when participants were given a free-recall test during practice blocks,
regardless of the similarity between intervening and final test formats (Carpenter & DeL osh,
2006; Glover, 1989).

Retrieval effort. Bjork (1975) compared the retrieval process with levels of cognitive
processing (Craik & Lockhart, 1972), proposing that successful and effortful retrieval
promotes a deeper level of processing and longer lasting memory retention than shallower and
less difficult retrieval. The deeper the level of processing, the greater the strength given to the
target. Response times (RT) are usually used as a measures of effort, with slower RTs
indicating greater retrieval effort (Vaughn, Rawson, & Pyc, 2013). Bjork (1994) emphasized
the need to introduce desirable difficulties in learning strategies. In a recent meta-analytic

review, Rowland (2014) summarized evidence supporting the retrieval effort hypothesis.
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Theory of disuse. In a subsequent development of the retrieval effort hypothesis,
Bjork and Bjork (1992) posited two different types of strengths related to memory: (1) storage
strength, that is relative to how well an item is learned and has no direct effects on memory
performance; and (2) retrieval strength, that is directly involved in the probability of recalling
the target given a related cue. New information in recent use has a high retrieval strength,
although its storage strength is low, because of the limited number of times the information
was accessed. By contrast, the ZIP code of your last home address has a high storage strength
for it was accessed and used for a long time in the past but has a low retrieval strength in the
present because of its disuse. They stated that the act of retrieving information is a memory
modifier that facilitates subsequent successful recall by incrementing both memory strengths.
Another assumption is that retrieval might be modulated by the difficulty involved during
encoding tasks: the more difficult the task, the greater the benefits in delayed retrieval. This
claim has been largely supported by a recent meta-analysis (Rowland, 2014).

Distribution-based bifurcation model. Kornell, Bjork, and Garcia (2011) elaborated
on the premises of the theory of disuse by assuming that retrieval practice bifurcates the
distribution of to-be-learned contents into strong and weak items. Theoretically, items that are
tested without feedback, during the encoding phase, may pertain to two different classes of
memory strength, those that are highly boosted when successfully recalled and those that are
not boosted at all when not recalled. Items that were restudied by rereading are all boosted,
but not as strongly and below the strength of unsuccessfully recalled items during retrieval
practice blocks. The suggested explanation states that tests not only enhance learning, but also
prevents forgetting because strong memories last longer. According to the bifurcation model,
the presence of feedback after a recall attempt at encoding would hinder the bifurcation, or at
least reduce the test-delay interaction — the longer the delay, the higher the advantage of

retrieved (strong trace) over non-retrieved items (weak trace) —, because when feedback is
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given after an unsuccessful recall attempt, as shown by Kornell, Hays, and Bjork (2009),
more learning is produced compared to restudying the same information without a retrieval
attempt. These items could then reach the recall threshold on the delayed memory test. One
important implication of feedback after a recall attempt during encoding is that it produces the
best performance on both immediate and delayed memory tests.

Elaborative retrieval. Carpenter (2009) proposed that information activated during
the attempt to retrieve a target may activate an elaborative semantic network of related
concepts, creating multiple cue-driven pathways that lead to the correct target, aiding later
retrieval. This hypothesis was based on spreading activation theories of memory (Collins &
Loftus, 1975) . The elaborative retrieval hypothesis states that memory strength and semantic
elaborations are modulated by the difficulty of the task. When the tasks are more difficult,
target information is not promptly available, forcing a more extensive memory search and,
thus, generating more semantic elaborations linked to the target. On the other hand, easier
tasks during retrieval practice, in which the target is more evident (e.g., when the target is
partially presented as a cue, or when the cue is highly associated to the target), hinders the
generation of semantic associated information and, consequently, does not aid future recall.

Episodic context account. Karpicke et al. (2014) proposed an altogether different
account from the ones reviewed above. Building on an influential temporal context model
(Howard & Kahana, 2002), Karpicke et al. (2014) assumed that memory representations
include both item and context information. Context may be external (e.g., settings) or internal
(e.g., mental state). According to the episodic context account, context features originally
stored with the target item are reinstated whenever retrieval is attempted, and the original
memory trace is updated with this new context information. In this account, the enhancement
in performance obtained by retrieval practice is attributed to the multiple temporal context

representations encoded with the target, considering that retrieval itself drives context change,
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and that every time a target is retrieved, context information associated to the target is altered,
incorporating new context elements, and thus creating unique composite features linked to the
target. This updated, composite representation would allow constraining the mental search set
for the target. The search set is the group of potentially recallable items that match the
features of a given cue. Such restricted search set, afforded by repeated retrieval attempts,
facilitates the match between cue and target, and consequently improves performance on
subsequent memory tests. Evidence supporting the episodic account comes from studies
showing that memory performance is higher when materials are studied in spaced schedules
(Kang, 2016), creating new context-related elements to the memory trace, from research about
list interference in free recall paradigms (Jang & Huber, 2008), showing the impact of context
change in memory performance, or from studies in which cue difficulty is manipulated during
practice (Carpenter & DeLosh, 2006), showing that the retrieval practice effect is less strong
with easier cues than it is with more difficult (fewer) cues, in which context reinstatement
would be necessary for successful performance.

In the aforementioned accounts, retrieval practice is thought to boost subsequent
retrieval as a result of (a) task similarity, (b) deeper encoding, (c) activation of elaborate
semantic cues, (d) restriction of the search set or any combination thereof. Recent studies
have begun to investigate whether retrieval practice can counteract, by any of these
mechanisms, the memory-impairing effects of concurrent tasks (Buchin & Mulligan, 2019)
and psychosocial stress (Smith et al., 2016; Smith, Race, Davis, & Thomas, 2018; Smith &

Thomas, 2018; Szol106si et al., 2017).

Stress and retrieval
In his highly influential book, Selye (1956) fully describes his understanding of the

syndrome of just being sick, which would later be defined by the word stress, meaning the
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general response of the body to any demand for change. The physiological stress response
aims at maintaining homeostasis, a concept defined by Cannon (1929) as being an
adaptational effort of the physiological systems to maintain an acceptable level of functioning
when facing “fight or flight” conditions. Following the Selyean tradition, the term stress will
be used here to refer to a physiological response caused by a stressor (a stimulus that triggers
the cascade of stress-related events in the body). According to Girdano, Dusek, and Everly Jr
(2012), there are two types of stressors: (1) biogenic stressor, which possesses inherent
physiological properties that enables it to directly initiate a stress response, bypassing the
neocortex higher interpretative mechanisms (e.g., drinking coffee, holding very cold items,
exercising), and (2) psychosocial stressor, which depends on higher neocortical processing
and involves cognitive appraisal and affective integration of the stressor itself (e.g., public
speaking, traffic jams). Not all psychosocial stimuli turn into a psychosocial stressor, because
this change depends on individual perception and interpretation of these stimuli: “like beauty,
the stressor resides in the eye of the beholder” (Everly Jr & Lating, 2019, p. 241). As Hans
Selye once noted, “it is not what happens to you that matters, but how you take it”.
Potentially stressful events are common in everyone’s life. Due to its relevance to
people in general, stress and its main hormone, cortisol, are widely investigated topics
(Gagnon & Wagner, 2016; Lonergan, Olivera-Figueroa, Pitman, & Brunet, 2013; Schwabe,
Joels, Roozendaal, Wolf, & Oitzl, 2012; Shields, Sazma, McCullough, & Yonelinas, 2017,
Vogel & Schwabe, 2016; Wolf, 2017). Stress neuroendocrine responses activates both the
sympathetic nervous system (SNS) and the hypothalamic—pituitary—adrenal (HPA) axis,
respectively leading to (1) the release of noradrenaline and adrenaline (NA) by the adrenal
medulla and (2) the secretion of glucocorticoids (cortisol) by the adrenal cortex, both into the
bloodstream (Charmandari, Tsigos, & Chrousos, 2005; Wolf, 2017). The hippocampus is a

medial temporal lobe structure that contains both types of corticosteroid receptors,
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mineralocorticoid receptors (MRs) and glucocorticoid receptors (GRs), and that plays a
critical role in binding information into coherent declarative memory representations and is
crucial for the retrieval of such memories (Kim, Song, & Kosten, 2006; Yassa & Stark, 2011).

Stress-induced biochemical cascades and cortisol release can have a direct impact on
the hippocampus and the amygdala, brain structures pertaining to the limbic system, which
are highly involved in memory and emotional processing (Kim & Diamond, 2002;
Roozendaal & McGaugh, 2011). Cortisol is a steroid hormone that can cross the blood-brain
barrier and bind to GRs in the hippocampus. Excessive amounts of circulating cortisol can
saturate these receptors, altering hippocampal function, and consequently, interfering with
retrieval-related processing in this region, thus modulating encoding and retrieval of long-
term memories (Schwabe et al., 2012).

A considerable number of articles assessed the relationship between cortisol and
different stages of memory processing (encoding, storage and retrieval). Empirical evidence,
however, has been mixed, with studies showing that episodic memory can be enhanced
(Hupbach & Fieman, 2012; Zoladz et al., 2014), impaired (Boehringer, Schwabe, &
Schachinger, 2010; Gagnon, Waskom, Brown, & Wagner, 2019; Goldfarb, Mendelevich, &
Phelps, 2017; Schonfeld, Ackermann, & Schwabe, 2014; Schwabe & Wolf, 2014), or
unaffected (Hidalgo et al., 2015; Pulopulos et al., 2013; Schoofs & Wolf, 2009) after stressful
events. A recent review has shown that memory performance of old people is less influenced
by stress because of age-related decrease of GRs density and sensitivity in the hippocampus
and that women’s susceptibility to stress is highly dependent of menstrual hormones
(Hidalgo, Pulopulos, & Salvador, 2019). In addition to participants’ sex and age, timing is
also crucial for understanding how stress modulates memory (Schwabe & Wolf, 2014),
because neuroendocrine stress response plays different roles depending on the memory

process affected. The fast stress response occurs seconds after the stressor and involves the
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release of (nor)adrenaline, which increases alertness and facilitates memory encoding. The
slow stress response, on the other hand, occurs several minutes after the stressor and involves
the release of cortisol, which impairs the retrieval of consolidated memories (Schwabe et al.,
2012). According to Shields et al. (2017), when the stressor occurs at encoding, the event will
be better stored or consolidated, usually involving some level of aversive conditioning, as
when a person goes through a robbery and is able to remember the event in details for a
lifetime. However, when the stressing event takes place just before the attempt to retrieve
previously consolidated information from memory, retrieval is impaired.

Theories about the impact of stress in memory are generally related to the
consolidation hypothesis proposed by Miller and Pilzecker (1900), which states that recent
encoded items persist in a fragile state and that consolidation happens over time. Thus, newly
learned information is susceptible to exogenous modulatory treatments (e.g., learning other
new items, emotional arousal). McGaugh (2000) say that stress may play an important role in
regulating the consolidation of the information learned, because the interactions among
different neural systems involved in the stress response are beneficial to the consolidation
process and help stabilize the information in long-term memory. Stress should enhance
memory encoding because recently learned information benefits from both the memory
formation mode set after the stressor, through rapid non-genomic MR-mediated activity, and
from the memory storage mode, elicited by the slow GR-dependent genomic effects of
cortisol in the brain (Vogel & Schwabe, 2016). Schwabe, Nader, and Pruessner (2014)
propose that when the memory is reactivated, it becomes labile and once again susceptible to
modification. Stress, in this case, would enhance future performance by adding emotional
arousing elements to the memory trace during the reconsolidation process. Considering that
both memory formation and storage modes inhibit retrieval, stress induced before a recall

attempt should impair performance.



RETRIEVAL PRACTICE CREATES MEMORIES RESISTANT TO STRESS? 30

Retrieval practice and stress

A recent study has suggested that retrieval practice is successful at creating strong
memory representations that are resilient to stress (Smith et al., 2016). In their study, Smith et
al. (2016) manipulated learning strategy (RP vs. SP) and stress condition (stressed vs. control)
in a between-subject design. Stimuli consisted of 30 nouns and 30 nameable images.
Participants were shown the stimuli and were asked to type in a sentence that included each
item. Then they either restudied the items or freely recalled them (without feedback).
Participants returned 24 hr later for the final free recall test. Stress was induced at the
beginning of the session with the widely used Trier Social Stress Test (Kirschbaum, Pirke, &
Hellhammer, 1993). The final test took place 25 min after stress induction. The results
showed that participants recalled more RP items than SP items. More importantly, stress
impaired performance only for SP items; recall of RP items was not affected by stress. The
finding that retrieval practice appears to reduce the memory-impairment effects of stress may
play an important role in applied settings. Retrieval practice can be used, for example, to
reduce student’s blank-outs during high-stakes tests.

Those results, however, have not been easy to replicate. Sz6116si et al. (2017) tried to
extend Smith et al. (2016) findings by using a within-subject design for the learning strategy
manipulation and a more realistic 7-day delay between the study and criterial test phases.
Although Sz6116si et al. (2017) did find the retrieval practice effect, they did not find the
effect of stress on memory, nor did they find the predicted strategy by stress interaction.
Smith, Davis, and Thomas (2018) also failed to replicate Smith et al. (2016). Smith et al.’s
(2018) results show that retrieval practice yielded better recall rates than study practice, but
performance was equally impaired by stress, regardless of learning strategy. Both Sz6116si et
al. (2017) and Smith, Davis, et al. (2018) used Swahili-English word pairs in a cued-recall

paradigm, as opposed to lists of nouns in a free recall paradigm in Smith et al. (2016) original
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study. As argued by Smith, Davis, et al. (2018), foreign vocabulary learning requires more
complex cognitive processes and retrieval practice is better for stimuli of low complexity, a

limitation only evident under stress.

Current study

The aims of this study are (1) to replicate and extend Smith et al. (2016)’s findings to
confirm that retrieval practice creates memories resistant to stress; (2) to evaluate the impact
of item-difficulty on the RP effect by manipulating the to-be-learned word pairs difficulty
within-subjects, considering that retrieval effort plays an important role in most accounts of
the retrieval practice effect and that retrieval practice should benefit harder targets more than
easier targets; and (3) to evaluate the metacognitive awareness of students about RP.

Based on the reviewed literature, we hypothesize that (1) recall will be significantly
higher for retrieval practice (RP) targets relative to study practice (SP) targets, (2) the
deleterious effects of stress on memory will be found for SP targets but not for RP targets, (3)
that harder targets will be recalled at a higher rate than easier ones for RP condition, and (4)

that most participants will choose SP as being more effective than RP.
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Method

Participants

Sixty-three healthy young men were recruited among University of Brasilia (UnB)
undergraduates to voluntarily participate in the experiment. Three participants were excluded
from the study sample because cortisol analyses could not be performed with their provided
saliva sample. Further, one participant was excluded because he was not following the
experimental instructions. Therefore, we report results of 59 male participants (age range 19-
37, Mage = 22.5, SD = 3,67). Participants were randomly assigned to one of the two groups:
Control (N = 29, Mage = 22.6, SD = 3,76) or Stressed group (N = 30, Mage = 22.4, SD = 3,65).
Before starting the experiment, participants read and signed the consent form (Appendices D
and E). This research was approved by the Ethical Committee of the Institute of Social and
Human Sciences of University of Brasilia (Appendix C). Women were not included to avoid
the confounding influence of the period of the menstrual cycle on cortisol-related memory
performance (e.g., Shields et al., 2017). Participants were all undergraduate students from the
University of Brasilia and native Portuguese speakers. Individuals who had previous
knowledge of the Swabhili language, had a history of neurologic or psychiatric disorders, were
taking psychotropic medication, or were smokers could not be participants. In the beginning
of each session, participants answered a questionnaire that assessed whether they had drunk
coffee or any other energy drink (6 hrs before the beginning of the session), smoked cigarettes
(12 hrs), had a meal (3 hrs), smoked cannabis (24 hrs), taken illegal synthetized drugs (7
days), drunk alcoholic beverages (12 hrs), taken any controlled legal drugs (12 hrs), been
previously diagnosed with chronic stress, or been exposed to the Swahili language. No

participants met any of these exclusion criteria.



RETRIEVAL PRACTICE CREATES MEMORIES RESISTANT TO STRESS? 33

Experimental Design

The study followed a 2 (encoding strategy) x 2 (target difficulty) x 2 (groups) factorial
design. Encoding strategy (hereafter, strategy) was manipulated within participants and refers
to the study technique applied in distinct study blocks: Study Practice (SP) or Retrieval
Practice (RP). Target difficulty (hereafter, difficulty) was also manipulated within participants
and refers to the pre-experimental memorability of the study items, classified either as Easier
(higher memorability) or harder (lower memorability) items. Group was manipulated between
participants and refers to the stress manipulation: in the control group, participants followed a
non-stressful protocol, whereas in the stressed group, participants followed a stressful

protocol (more details below).

Materials and tasks

Stimuli. Participants were exposed to 40 Swahili-Portuguese word pairs (Appendix A)
selected from Brazilian Portuguese norms by Lima and Buratto (2019), adapted from the
original Swahili-English norms (Nelson & Dunlosky, 1994). Stimuli were split into two lists
based on memorability scores, resulting in 20 items for the RP condition and 20 items for the
SP condition. Half of the items in each list were easier (with high memorability scores, M =
.60, SD = .10); the other half were harder (with low memorability scores, M = .24, SD = .05).
The assignment of word pairs to encoding strategy condition (RP vs. SP) was counterbalanced
across participants.

Stress induction protocol (modified SECPT). Stress was induced during the final
test session with a modified version of the Socially-Evaluated Cold Pressor Test (SECPT).
The SECPT is a simple, effective, and widely used procedure that reliably activates the HPA
axis, resulting in significant increases in cortisol levels measured by saliva samples (Schwabe,

Haddad, & Schachinger, 2008; Schwabe & Schachinger, 2018). In our modified SECPT,
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participants were told to keep their non-dominant hand and wrist submerged in a recipient
filled with ice water (0-2 °C) from 1 to 2 minutes. Prolonged cold water stimulation activates
both the SNS, increasing blood pressure and heart rate, and the HPA, increasing cortisol
levels (Schwabe, Bohringer, Chatterjee, & Schachinger, 2008). In addition to the
physiological stress induced by cold water, the SECPT procedure also includes a psychosocial
stress component. During cold water hand immersion, participants were told to look directly
to a camera that would record their facial reactions for subsequent evaluation by an external
committee. The experimenter, a female testing male participants, what is shown to elicit
higher psychological stress responses (Duchesne, Tessera, Dedovic, Engert, & Pruessner,
2012), took notes during the protocol while monitoring participants’ compliance to the
instructions. After the hand submersion phase, participants were instructed to watch a 20-min
excerpt from the TV series The Office. Halfway through the episode, participants were told by
surprise to carry out a mental subtraction task. Specifically, they were told to begin with 100,
subtract 7, and say aloud the result, then subtract 7 again, and say aloud the result, (e.g., 93,
then 86), repeating the procedure for 1 min or until they reached 0. This latter mental
arithmetic task is not part of the original SECPT procedure; instead, it is part of another
commonly used stress-induction protocol known as the Trier Social Stress Test (Allen et al.,
2017; Kirschbaum et al., 1993). The mental arithmetic task adds yet another social-evaluative
and unpredictability factors to the SECPT protocol. A similar modified SECPT procedure has
been shown to strongly activate the HPA axis (Boyle et al., 2016). In the control version of
our modified SECPT procedure, applied in the control group, participants completed similar
steps, except that the water was warm (23-25°C) and no social evaluative elements were used
(i.e., no video recording and no surprise mental arithmetic task). The experimenter, also a
woman, did not take notes during the protocol, remaining in the room just to check

participants’ compliance to instructions.
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Physiological measurements. Blood pressure (systolic and diastolic) and heart rate
were measured with an automatic blood pressure monitor (HEM-7130; Omron Healthcare
Brazil, S&o Paulo). This device was chosen because it is compact, fully automated and has
been validated against measurements from standard mercury sphygmomanometers
(Takahashi, Yoshika, & Yokoi, 2015). Salivary cortisol samples were collected with a
chewable synthetic swab (Sarstedt Cortisol Salivette® code blue; Nimbrecht, Germany).
According to manufacturer specifications, Cortisol Salivette® yields a high sample recovery
rate upon centrifugation, achieving high recovery rates even with small samples (e.g., 200 pL)
(wwwe.sarstedt.com/en/products/diagnostic/salivasputum/product/51.1534.500/, accessed in
August 2019). Also, according to the manufacturer, tests with adults revealed an average
saliva recovery volume of 1.1 +/— 0.3 ml. In addition, the efficacy of Cortisol Salivette® was
established in the volume of cortisol recovering, showing close to 100% recovery rates,
regardless of the saliva volume or test procedure. In fact, recent studies indicate that Cortisol
Salivette® can yield acceptable recoveries (Buttler et al., 2018; Groschl, Kohler, Topf,
Rupprecht, & Rauh, 2008).

Self-report stress questionnaire (BAI). Subjective stress was measured with the
Beck Anxiety Inventory (BAI), a 21-question, multiple-choice, self-report inventory used for
measuring anxiety. BAI is widely used in research and has been validated in its Brazilian
Portuguese version (Cunha, 2001). Participants were instructed to answer BAI, before the
criterial memory test, considering only the time scope of the current session. This was done to

assess their self-reported stress only about the SECPT manipulation between groups.

Procedure
Participants attended two individual sessions (Figure 1). In the beginning of each

session, several baseline physiological measurements were taken, namely, heart rate (HR),
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systolic blood pressure (SBP), diastolic blood pressure (DBP), and salivary cortisol (SC).

Participants also completed the self-report stress questionnaire (BAl). Both sessions took

place in the same room, which was equipped with air conditioner, the cold pressor apparatus

and a computer. The room is part of the Laboratory for Psychological Research in Humans

(LIPSI), at the Institute of Psychology of the University of Brasilia.

Session 1, referred to as the Encoding Phase in this study, contained the memory

encoding task and session 2, referred to as the Criterial Test Phase in this study, occurred after

a 7-day delay and contained the experimental intervention (SECPT), as well as the cued-recall

criterial memory test.

To
T
T2
T3
T4
Ts
Te

T7

Encoding phase (session 1) ...................

Read and sign consent form
Collect salivary cortisol sample (SC1)
Collect physiological measures 1
Answer exclusion criteria questionnaire
Answer Beck anxiety inventory (BAI1)
Study all word pairs (40 WP)
Practice blocks (total of 6 RP and 6 SP
blocks of 3 min each)

[A] RP blocks (word pairs 1-20)

[B] SP blocks (word pairs 21-40)
Block sequence:

either [A], [B], [Al [BI. [A], [B]...

or [B], [Al, B, [A], [B], [A]...

Sign the attendance document

Ts
Ty
Two
Tu
T

Tia

T
Tz

Criterial test phase (session 2)

Collect salivary cortisol sample (SC2)
Collect physiological measures 2
Answer exclusion criteria questionnaire
Answer Beck anxiety inventory (BAI2)
SECPT (control or stressed)

Collect salivary cortisol sample (SC3)

Collect physiological measures 3

Answer Beck anxiety inventory (BAI3)
Criterial cued-recall test (40 WP)

Sign the debriefing document

Figure 1. Experiment timeline.

In session 1 (Encoding phase), participants first read and signed the consent form, had

their baseline physiological measures collected (HR1, SBP1, DBP1 and SC1), and filled out



RETRIEVAL PRACTICE CREATES MEMORIES RESISTANT TO STRESS? 37

the BAI questionnaire (BAI1). Next, participants studied all 40 word pairs, presented
randomly in the computer screen for 6 s each. They were instructed to read the word pairs
with attention. Then, participants completed 6 study practice (SP) blocks and 6 retrieval
practice (RP) blocks, in alternating order (Figure 1, T6), each block comprising 20 word pairs
(Appendix A, tables Al and A2). Primacy and recency effects were controlled by
randomizing the order of stimuli within lists and across participants. In both SP and RP trials,
participants were instructed to type in the Portuguese translation as soon as they saw the
Swahili word. In SP trials, both Swahili and Portuguese words were simultaneously presented
for 6 s on the screen, and participants had up to 4.5 s to type in the Portuguese words. In RP
trials, participants had 4.5 s to recall and type in the translation of the Swahili word presented
on the screen as a cue. The target, Portuguese word, was only presented for the last 1.5 s and
served as feedback. Participants completed 30-s distractor tasks between blocks. The
distractor task consisted of simple multiplications and was used mainly to prevent participants
from mentally rehearsing the word pairs from the last block. After completing the 12 blocks,
participants booked the next session, always between 12pm and 5pm, signed the checklist for
the session (Appendix F) and were dismissed.

In session 2 (Criterial test phase), participants returned to the same room 7 days after
session 1. Again, participants first had their baseline physiological measures collected (HR2,
SBP2, DBP2 and SC2) and then filled out the BAI questionnaire with the instruction to
consider the last 7 days when answering the questions (BAI2). Next, participants underwent
the stress protocol (modified SECPT) or the control protocol. After completion of the stress
protocol, participants filled out the BAI questionnaire for the third and last time, with the
instruction to consider only the current session when answering the questions (BAI3). The
delay between the stressor onset (T12) and the beginning of the criterial test (T16) was 25

min. This delay was motivated by research showing that 25 min is the average time for
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cortisol concentration to reach its peak in humans (Joels & Baram, 2009; Joels, Fernandez, &
Roozendaal, 2011; Schonfeld et al., 2014; Schwabe et al., 2012; Schwabe & Wolf, 2014).
Participants started the criterial test as soon as the physiological measures were collected, and
salivary cortisol was sampled. For the criterial memory test, cues were presented one at a
time, for 15 s each, on the computer screen, and participants were instructed to type in targets
as soon as they had recalled them. Stimulus presentation and data collection were
implemented in PsychoPy (Peirce et al., 2019). After the criterial test, participants read and

signed the debriefing form (Appendix G).

Data Analyses

An alpha level of .05 was set for all statistical tests. When the assumption of sphericity
was violated, as indicated by Mauchly’s test, the Greenhouse—Geisser correction was applied
to adjust for degrees of freedom (Greenhouse & Geisser, 1959). Measures of effect size were
reported as Cohen’s d (t-tests), partial eta-squared (75; ANOVAs), or log odds ratio (B;
multilevel logistic regressions), when appropriate. Error bars in figures represent the 95%
within-participant confidence intervals (Cousineau, 2005). Recall data for both sessions of the
experiment were first obtained using formulas in Microsoft Excel (i.e., first-pass check on
whether the participant typed the expected target word). The results from the Excel formulas
were then compared to that of a completely blind judge who was trained to assess
participants’ responses on practice blocks and on the final criterial test. The judge was blind
to participants’ names, strategy used, item difficulty and groups. The agreement between the
Excel formula and the blind judge was assessed using Cohen’s kappa (k) coefficient. The

level of inter-rater agreement between judges was considered perfect, k = 1, p < .001.
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Results
Encoding phase (Session 1)

Physiological measures and self-reported stress. Independent-samples t-tests were
conducted to compare data between groups (stressed vs. control). No differences in salivary
cortisol concentration (SC1), systolic blood pressure (SBP1), diastolic blood pressure
(DBP1), and heart rate (HR1) were found between groups, ts < 1.07, ps > .29. There was also
no difference in self-reported stress scores (BAI1) between groups, t< 1, p = .82.

Target recall on practice blocks. Figure 2 depicts target recall across 5 practice
blocks. Although there were a total of 6 blocks for the retrieval practice, the first block was
used to check and, if necessary, reinforce the instruction to type in the answer. Consequently,
only data from blocks 2 to 6 were available for analyses.

A 2 (Difficulty) x 5 (Block) x 2 (Group) repeated-measures ANOVA revealed
significant main effects of Difficulty, F(1, 57) = 184, p <.001, n = .76, and Block, F(4, 228)
=159, p <.001, nf, = .74, as well as a significant Difficulty x Block interaction, F(4, 228) =
8.03, p <.001, n; =.12. Main effect of Group and all other interactions were not significant,
all ps > .37.

Paired-samples t-tests showed that participants recalled more targets on each
subsequent practice blocks (Bonferroni corrected ps < .001), and that easier targets were
successfully recalled more often than harder targets on each block, (Bonferroni corrected ps <
.001). Paired-samples t-tests also revealed that the learning advantage for easier over harder
targets increased throughout blocks: block 2, Mgir= .17, t(58) = 7.96, p <.001, d = 1.04, block

3, Maif = .22, 1(58) = 8.20, p < .001, d = 1.07, block 4, Mair= .27, t(58) = 10.5, p < .001, d =

1 Only RP data were included in recall and reaction time analyses for practice blocks. Analyses of SP data would
be inappropriate here because SP targets were always on the screen while participants typed them in, thus

reflecting cognitive and neuronal processes other than those related to memory retrieval.
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1.37, block 5, Mgir= .26, t(58) = 11.1, p < .001, d = 1.44, block 6, Mdir= .30, t(58) = 13.2, p <

.001, d = 1.71. This learning advantage for easier over harder targets, however, was similar

for stress and control groups.
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Figure 2. Target recall as a function of practice blocks and item difficulty.

RT (reaction time) on encoding phase. Figure 3 depicts mean reaction times across

blocks 2 to 6 during the encoding phase. A 2 (Difficulty) x 5 (Block) x 2 (Group) repeated-

measures ANOVA revealed significant main effects of Difficulty, F(1, 24) = 22.7, p <.001,

nzz, = .49, and Block, F(4, 96) = 15.8, p <.001, n; = .40. Neither the main effect of Group nor

any interaction terms were significant (all ps > .13). Paired-sample t-tests showed that, in

every practice block, easier targets were recalled faster and by a larger number of participants

than harder targets, block 2 (n =49, M = 1,974 ms, SD =650 ms vs. n =29, M = 2,250 ms,

SD =693 ms), block 3 (n =54, M =1,773 ms, SD =455 ms vs. n =40, M =1,927 ms, SD =

539 ms), block 4 (n =58, M =1,611 ms, SD =403 msvs. n =45, M = 1,844 ms, SD = 394
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ms), block 5 (n =58, M = 1,603 ms, SD = 353 ms vs. n =51, M = 1,835 ms, SD = 526 ms),
and block 6 (n =59, M =1,535 ms, SD =277 ms vs. n =53, M = 1,729 ms, SD = 389 ms).
Additional analyses on the automatization account (Racsmany, Szollosi, & Bencze, 2018) are

provided in Appendix B.
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Figure 3. Reaction time for correct target recall as a function of retrieval practice blocks.

Judgement of learning (JOL). At the end of session 1, participants were asked to
predict which one of the two learning strategies would be more effective for recall in a final
memory test 7 days later. Most participants (62.7%) chose retrieval practice over study
practice. A goodness-of-fit chi-square test showed that the choice of learning strategy was

significantly different from chance, ¥ (1) = 3.81, p =.05.

Criterial test phase (Session 2)
Physiological measures. Participants had their heart rate and blood pressure

measured, as well as their saliva sampled both before starting the SECPT protocol and 25 min
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after its onset. Post-hoc t-tests were conducted to compare stress and control groups. Table 1
shows mean results for the physiological measures on the criterial test phase.

Cortisol responses. A 2 (Group) x 2 (Intervention: Pre- or Post-SECPT) mixed-
factorial ANOVA on cortisol salivary readings showed significant main effects of
intervention, F(1, 57) = 47.5, p <.001, n; = .46, Group, F(1, 57) =12.7, p =.001, n; = 0.18,
and Group x Intervention interaction, F(1, 57) = 43.6, p <.001, n; = .43. Post-hoc t-tests
confirmed that cortisol concentration increased strongly in response to the SECPT in the
stressed group, t(29) = 7.72, p <.001, d = 1.41, but not in the control group, t< 1, p =.75.
Figure 4 illustrates these results. Following the SECPT procedure, the water temperature was
significantly lower in the stressed group (M = 1.35 °C, SD = 0.60 °C) than in the control
group (M =24.2 °C, SD =1.71 °C), t(34.6) = 68.3, p < .001. Accordingly, participants kept
their hand underwater for a shorter period in the stressed group (M =80.9 s, SD = 25.1 s) than

in the control group (M = 106 s, SD = 21.1s), t(57) = 4.22, p < .001.
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Figure 4. Cortisol concentrations at pre- and post-SECPT for control and stressed groups.
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Blood pressure and heart rate. Considering pre-SECPT data, participants did not
differ in systolic blood pressure (SBP2), diastolic blood pressure (DBP2) and heart rate (HR2;
ts <1, ps > .35). Post-SECPT data also showed no differences in systolic blood pressure
(SBP3) and heart rate (HR3) ts < 1, p = .81. Groups differed, however, in post-SECPT
diastolic blood pressure (DBP3), t(57) = -2.16, p = .04, with participants in the stressed group
(M =74.03 mmHg, SEM = 1.42) presenting higher diastolic blood pressure than participants
in the control group (M = 70.21 mmHg, SEM = 1.03).

Self-reported stress (BAI). Post-hoc independent-samples t-tests showed no group
differences in baseline (pre-SECPT, BAI2) scores (t< 1, p =.77). Post-SECPT scores (BAI3),
however, differed between groups with higher scores in the stressed group (M = 6.57, SEM =

0.90) than in the control group (M = 2.76, SEM = 0.68), t(57) = 3.37, p = .001.

Table 1. Average physiological and self-reported stress measures.

Control® Stressed®
Measures Pre-SECPT  Post-SECPT  Pre-SECPT  Post-SECPT
Cortisol concentrations? 5.01(0.81) 5.22(0.72) 4.05(0.49) 13.76 (1.37)
Systolic blood pressure® 119 (2.32) 113 (2.37) 115 (2.41) 113 (1.76)
Diastolic blood pressure® 73.3(1.27) 70.2(1.03) 73.7 (1.64) 74.0 (1.42)
Heart rate® 747 (243) 71.9(1.98) 77.4(227)  72.6(1.96)
Self-reported stress (BAI3)¢ 2.67 (0.68) 6.57 (0.90)

anmol/l. PmmHg. ¢ bpm. ¢ participants were instructed to respond the post-SECPT BAI questionnaire

considering just the time of the session, to evaluate the difference in self-reported stress related to the

experimental intervention (modified SECPT). ¢ Standard errors of the mean are given in parentheses.

Target recall on criterial test. Criterial test data were submitted to a 2 (Strategy: SP

or RP) x 2 (Difficulty: Easier or Harder) x 2 (Group: Control or Stressed) mixed-design
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ANOVA. The ANOVA revealed two significant main effects: (1) Strategy, F(1, 57) =137, p
<.001, nz =.71, indicating that participants recalled more targets previously encoded via RP
(M = .36, SD = 0.20) than targets encoded via SP (M = .12, SD = 0.11), and (2) Difficulty,
F(1,57) =147, p <.001, nzz, = .72, indicating that easier targets were recalled more often than
harder ones (M = .34, SD = 0.19 vs. M = .14, SD = 0.11). Figure 5 illustrates these results.

The main effect of Group and the Strategy x Group interaction were not significant, ps
> .26. The three-way interaction, Strategy x Difficulty x Group, was significant, F(1, 57) =
5.85, p =.02, n; =.09. To better understand this three-way interaction, considering our
interest in investigating the interaction of RP and stress, we analyzed the data separately for
RP targets and SP targets by conducting two 2 (Difficulty) x 2 (Group) ANOVA:s.

For RP targets, the ANOVA revealed a significant a main effect of Difficulty, F(1, 57)
=115, p <.001, T]% = .67 (higher recall for easier targets). The Difficulty x Group interaction
was also significant, F(1, 57) = 10.8, p =.002, n;, = .16. Independent-samples t-tests showed
that recall of easier targets was significantly impaired in the stressed group compared to the
control group, Mgif = —0.13, t(57) = -2.05, p = .045. For harder targets, no group difference
was found (t <1, p =.51). The main effect of Group was not significant (F(1,57) =0.88, p >
.35). For SP targets, the ANOVA revealed a significant main effect of Difficulty, F(1, 57) =
43, p <.001, T]% = .43 (higher recall for easier targets). Neither the main effect of Group, nor

the Difficulty x Group interaction were significant (ps > .91).
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Figure 5. Cued-recall performance on the criterial memory test.

Reaction time (RT). Criterial test RT data were entered a 2 (Strategy) x 2 (Difficulty)
x 2 (Group) mixed-design ANOVA. The ANOVA revealed a significant main effect of

Strategy, F(1, 17) = 13.3, p = .002, n = .44, showing that retrieval practice targets were

recalled faster than study practice targets. All other main effects and interactions were not
significant (all ps > .24). Considering that (1) the number of participants included in this 2 x
2 x 2 ANOVA was very low (control: n = 10; stressed: n = 9), and (2) reaction time is
usually used as an auxiliary measure of recall difficulty (Vaughn et al., 2013), we analyzed
data separately for Strategy and Difficulty factors in two 2 x 2 ANOVA:s.

A 2 (Strategy) x 2 (Group) ANOVA, revealed a significant main effect of Strategy,
F(1,42) = 14.6, p <.001, n; = .26. Figure 6a depicts participants’ reaction time for correct
recall on criterial test, which was considerably shorter for retrieval practice targets (M = 1,006
ms, SD = 974 ms) than for study practice targets (M = 2,176 ms, SD = 1,837 ms), t(44) = 3.85,

p <.001, d = 0.58). All other main effects and interactions were not significant (ps > .41).
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A 2 (Difficulty) x 2 (Group) ANOVA, revealed a significant main effect of Difficulty,
F(1,47)=7.88, p=.007, n; = .14. Figure 6b depicts participants’ reaction time for correct
recall on criterial test, which was considerably shorter for easier targets (M = 1,062 ms, SD =
774 ms) than for harder ones (M = 1,969 ms, SD = 2,069 ms), t(48) = 2.92, p =.005, d = 0.42.
The main effect of Group was marginally significant, F(1, 47) = 3.88, p = .055, n,z, =.08. As
shown in figure 6b, RTs were higher in the stressed group (M = 1,792, SD = 1,463) than in the

control group (M = 1,176, SD = 1,624). The interaction was not significant, F < 1, p = .41.
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Figure 6. RT on criterial memory test for main effects of Strategy (a) and Difficulty (b).

Conditional analyses. Three different conditional analyses were conducted to better
understand the influence on final performance of both effective recall during the encoding

phase and effective cortisol induction before the criterial test.?

2 Although conditional analyses may provide important information, we must consider that they may also raise
interpretation problems regarding item selection (Karpicke et al., 2014). For example, easier items are likely to
be recalled more often than harder items during practice. Consequently, easier items may benefit more from

retrieval practice because they are recalled more often, not because they are intrinsically “easier”.
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Conditional probability of recalling on criterial test. Figure 7 depicts the probability
of correct recall on the criterial test, given the number of times the same word pair was
recalled during the encoding phase (for a similar procedure, see Finley, Benjamin, Hays,
Bjork, & Kornell, 2011). The conditional probability for a given word pair is represented by
the center of each circle, whereas the proportion of cases in each category is represented by
the diameter of the circle. Data from the retrieval practice blocks were entered into a mixed
logit model (based on Jaeger, 2008). Fixed effects for target difficulty and number of correct
answers were entered in the model, with random-participants level intercepts. This model was
then compared to empty models (i.e., which estimates if the odds of recalling and non-
recalling varies between participants). The likelihood-ratio tests indicated that the addition of
fixed and random terms improved the prediction for the retrieval practice model, ¥*(3) = 1035,
p <.001. Table 2 shows the model summary. For the retrieval practice model, difficulty was a
significant predictor of correct final recall, with the odds of recalling an easier item on the
criterial test higher than the odds of recalling a harder one (OR = 1.75). Furthermore, the odds
of correct recall on the criterial test phase increased along with the number of correct answers
during the encoding phase (OR = 2.35). These results corroborate the hypotheses that the

benefits of the RP are partially conditioned by successful recall during the encoding phase.
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Figure 7. Conditional probabilities of successfully recalling an item on the criterial test as a function of the
number of correct recalls during the encoding phase. The size of the circle indicates the number of trials included

in the analysis.

Table 2. Mixed Logit Model Coefficients and Test Statistics

B SE Z P

Fixed effects

Intercept -0.84 0.11 -1.45 <.001

Number of correct recalls® 085 0.05 15.77 <.001

Difficulty 056  0.17 3.30 <.001

Interaction -0.25 0.10 -2.47 0.01
Random effect s?

Participants 0.32

Note. B = log odds; SE = standard error; Z = Wald Z test statistic; s2 = random effect variance. Reference

categories are easier and no correct recalls. Fixed effect variables are mean centered. ?in encoding blocks.
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Cortisol responders x non-responders. Considering that the stress induction protocol
successfully increased cortisol concentrations, and that the self-reported stress questionnaire
(BAI3) corroborated this physiological response, we reclassified participants into two new
groups based on their cortisol responses: participants who had an increase of at least 2.5
nmol/l from SC2 to SC3 were classified as “cortisol responders” (n = 28); the remaining
participants were classified as “non-responders” (n = 31). This cut-off value has been recently
used in a study similar to ours (Sz6l16si et al., 2017) and is an adaptation from Weitzman et
al. (1971). This new group division was then used for new analyses. Data from the encoding
phase were entered into a 2 (Difficulty) x 5 (Block) x 2 (Group: cortisol responders or non-
responders) mixed-design ANOVA, which revealed no Group effects and no Group
interactions (ps > .30). The main effects of Difficulty and Block, as well as the Difficulty x
Block interaction were significant (ps < .001). Importantly, there were no learning differences
between groups across encoding blocks (all ps > .13). Data from the criterial test were also
entered a 2 (Strategy) x 2 (Difficulty) x 2 (Group: cortisol responders or non-responders)
mixed-design ANOVA, which again revealed no Group effects and no Group interactions (Fs
<1, ps > .24). The main effects of Difficulty and Block, as well as the interaction Difficulty x
Block were significant (ps = .001). Because these findings were similar to the findings
obtained with the original group division (control vs. stressed), no further analyses on the
criterial test data were conducted using this new group division.

Conditionalized analysis. Karpicke et al. (2014) state that some researchers ignore
successful retrieval on the encoding phase as a modulatory variable of the retrieval practice
effect. Considering that successful retrieval on the encoding phase modulates positively the
retrieval practice effect in subsequent criterial tests, and that one of the objectives of this
study is to analyze this effect and its interaction with stress, we conducted an additional

analysis in which the proportion of word pairs recalled on the criterial test was restricted to
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targets that have been recalled at least once during the encoding phase. In the original,
unrestricted analysis, the proportion of targets recalled was calculated with respect to the total
number of word pairs used for the retrieval practice condition (i.e., 20). In the new analysis,
word pairs not recalled on practice blocks were not considered as correct responses on the
criterial test results. Conditionalized data for the retrieval practice condition were entered into
a 2 (Difficulty) x 2 (Group) ANOVA, which revealed a significant main effect of Difficulty,
F(1,57) =7.62, p =.008, n3 = .12, and a significant Difficulty x Group interaction, F(1, 57)
=10.2, p =.002, ny; = .15, showing the same cross-over pattern obtained with the un-
conditionalized data, but with larger effect sizes. The main effect of Group was not significant
(p =.72). As shown in Figure 8, independent-samples t-tests revealed that (1) for easier
targets, recall was lower in the stressed group (M = .53, SD =.27) than in the control group
(M =.68, SD =.18), t(51.1) = -2.43, p = .02, and (2) for harder targets, recall was higher in

the stressed group (M = .56, SD = .34) than in the control group (M = .38, SD = .27), t(57) =

2.26,p =.03
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Figure 8. Effects of the stress manipulation on conditionalized data for the retrieval practice targets.
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Discussion

The main objective of this study was to produce relevant evidence on (1) the RP effect
and its relationship with stress, (2) item difficulty and correlated impact on memory
processes, and (3) students’ metacognition improvement through experience.

Our first hypothesis was that performance would be significantly higher for RP
targets, which was corroborated by our results. The magnitude of the effect was higher than
usual, as participants recalled 3 times more targets in the RP condition than in the SP
condition (M =.36 vs. M = .12). The large effect, however, cannot be completely attributed to
retrieval practice per se, as feedback was given after every recall attempt during practice
blocks. Failed retrieval attempts may increase the effectiveness of subsequent encoding trials
through feedback. Test-potentiated learning (Arnold & McDermott, 2012), this facilitative
effect of retrieval practice on subsequent study, may thus partially account for the results.

The benefits of retrieval practice are highly modulated by successful retrieval during
the encoding phase (Karpicke et al., 2014). Hence, conditionalized analyses were performed
and showed that, considering only items that had been recalled at least once during learning
blocks, participants recalled 4,42 times more RP targets than SP targets (M = .53 vs. M = .12).
This is evidence that the success in retrieving targets during encoding modulates positively
the performance in a subsequent delayed test. This result is in line with the distribution-based
bifurcation model, according to which memory for successfully retrieved targets are highly
strengthened. Feedback did not hinder the bifurcation, because even with feedback, some RP
targets were not successfully retrieved on the criterial test, suggesting that they were not
sufficiently boosted and stayed below the recall threshold.

Our second hypothesis was that deleterious stress effects on RP targets would not be
significant. To properly test this hypothesis, two conditions had to be met: (1) the RP effect

should be found, and (2) the stress manipulation (SECPT) should have to effectively induce
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an increase in participants’ perceived stress and cortisol concentrations. Stress was
successfully induced through the modified SECPT protocol, with highly significant increases
in both self-reported stress (BAI3) and cortisol concentrations (ps = .001) in the stressed
group. However, as in SzG6l16si et al. (2017), no main effect of stress on memory was found.
Therefore, data from this experiment does not replicate previous findings showing that stress
impacts negatively the memory of participants in a between subject design (Boehringer et al.,
2010; Goldfarb et al., 2017; Larrosa et al., 2017; Schwabe & Wolf, 2014).

When considering only RP targets, however, two stress-related effects emerged. First,
recall of easier targets was impaired in the stressed group relative to the control group.
Second, recall of harder targets was enhanced in the stressed group (on conditionalized data).
These results were unexpected. One possible account is that the memory trace associated with
hard targets include internal context attributes that are considered stress related by the stressed
brain. In short, retrieval practice for harder items was associated with more retrieval failures
(relative to easier items), and retrieval failure could be appraised as a stressful event in itself.
Consequently, at retrieval and under stress, the search in memory for harder (more stressful)
items may involve qualitatively different mechanisms than the search in memory for easier
(less stressful) items. For harder items, stress improves recall due to the match between item-
related stress and participant’s current physiological state at retrieval. For easier items, stress
impairs recall due to the mismatch between item-related stress and participant’s state.

This account, albeit highly speculative, is partially supported by two well-known
theoretical frameworks. According to the transfer-appropriate processing hypothesis (Morris
etal., 1977), the degree of overlap between processes at encoding and retrieval may account
for memory performance in several tasks (Blaxton, 1989), including retrieval-practice tasks
(Veltre, Cho, & Neely, 2015). The account proposed here is analogous to transfer-appropriate

processing in that the overlap between item/state at encoding and item/state at retrieval is
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what determines whether recall will be impaired or enhanced in the final criterial test. The
proposed account is also related to the episodic context account (Karpicke et al., 2014) by
assuming that the memory trace associated with an item also includes stress-related attributes
(whether the item was successfully recalled or not during practice). Each failure to recall an
item, which is more likely to occur for harder items, adds a stress-related feature to the trace
composite, which is updated through feedback. During the final test and under stress, the
multiple stress-related features associated to harder items help to constrain the search set,
improving recall. By contrast, easier items are less likely to benefit from the item-related
stress cue at test and are, therefore, more prone to the deleterious effects of stress on recall.
For SP targets, no stress-related effects on targets were found. In fact, results
suggested a potential floor effect for SP targets in both groups (M = .12). One possible reason
for this floor effect refers to the nature of the study practice task, which required typing the
Portuguese translation of the Swahili word. Forcing participants to produce output by merely
copying the word, without conveying meaning, is counterproductive for learning (Barcroft,
2006). Indeed, word writing may impair vocabulary learning because it diverts attentional
resources from the generation of links between form and meaning (Barcroft, 2006), thus
preventing deeper levels of processing at encoding (Craik & Lockhart, 1972). This is
especially true if the time given to this task is short. In our experiment, participants were
given 6 s to write the targets, which may not have been enough time to elaborate on meaning,
consequently leading to poor performance for SP targets. The instruction to type the word
already on the computer screen might have led participants to focus processing into
completing the task, not into deeper processing. In Smith et al. (2016), participants in the SP
group were first given 10 s to write sentences containing the to-be-learned material,
generating access to meaning. Then, participants were instructed to read several times the to-

be-learned information in subsequent learning blocks. This methodological difference might
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have increased the opportunity for meaningful associations, resulting in performance for the
SP participants that was not at floor. In our experiment, this potential floor effect for SP
targets may have prevented us from detecting the detrimental impact of stress on recall.

Our third hypothesis was that harder targets would be recalled at a higher rate than
easier ones for RP conditions. We expected this result based on three memory theories, the
levels of processing (Craik & Lockhart, 1972), the retrieval effort hypothesis (Bjork, 1975)
and the elaborative retrieval hypothesis (Carpenter, 2009). These theories state, in different
but congruent perspectives, that the harder the conditions given for recollection, the higher the
memory performance, by deepening the levels of information processing, by strengthening
the memory trace itself, and by forcing the generation of more semantic elaborations linked to
the memory trace, respectively. By further analyzing these theories, we could notice that they
refer to task difficulty, in which the procedures are manipulated (e.g., few or no cues) while
attempting to retrieve previously studied information. Our data suggests that item and task
difficulties play different roles in LTM. None of the theories address item intrinsic difficulty,
but this was controlled for in our research, because item difficulty was an independent
variable of interest. Easier targets showed significant higher recall rates than harder ones, on
the criterial test for all experimental conditions: SP in both control and stressed groups (.19
vs. .04), RP in control group (.56 vs. .21), and RP in stressed group (.43 vs. .24), in line with
findings from Cull and Zechmeister (1994). During practice blocks, RP easier targets were
also more recalled than harder ones in both groups [control, Mgif = 3.03, SD = 2.10, t(28) =
7.80, p <.001, d = 1.45; stressed , Mgit = 2.53, SD = 1.85, t(29) = 7.49, p < .001, d = 1.37]
which complicates the interpretation of the results, as it is not clear if the higher recall rate for
easier over harder targets on the criterial test are partially due to this advantage on practice
blocks. These results lead us to suggest that, (1) in line with the theory of disuse (Bjork &

Bjork, 1992), more difficult to-be-learned information has lower memory retrieval strength,
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and (2) in line with the bifurcation model (Kornell et al., 2011), harder targets need more
strengthening to surpass the recall threshold. We believe these two assumptions partially
account for the results that easier targets were significantly more recalled than harder, as
depicted in figure 5. As shown in Table 3, harder RP targets were less recalled than easier
ones in the control group, as participants showed a higher recall rate for easier over harder
targets when comparing the recall proportion on criterial test to the recall proportion on
practice blocks (easier: .74 vs. harder: .48), the opposite results from expected according to
Battig (1979), who states that more difficult items, once properly learned, will show higher
recall rates in future tests. Interestingly, in the stressed group, the difference between the
proportion of successful recall rates between easier and harder targets decreased dramatically
(easier: .65 vs. harder .62). Furthermore, conditionalized analyses showed that stress might
even revert the advantage of easier over harder items.

Some studies investigated the impact of task difficulty on memory performance (e.g.,
Pyc & Rawson, 2009), but the impact of item difficulty on memory performance has been less
often investigated (e.g., Vaughn et al., 2013). A recent study by Minear et al. (2018),
published while we were developing ours, showed that the RP effect is modulated by item
difficulty and fluid intelligence. They reported similar results to ours, considering item
difficulty and retrieval practice on memory performance. Item intrinsic difficulty has not been
widely examined in retrieval practice experiments, especially related to stress.

Future research might enlighten this matter by addressing item difficulty as an
independent variable, and also by equalizing the recall rates between easier and harder targets

on the encoding phase.
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Table 3. Proportion of correct RP targets recall on retrieval practice trials.

Practice blocks Criterial test
Item difficulty Easier Harder Easier Harder
Un-conditionalized control .76 (0.23) .44 (0.26) .56 (0.22) .21 (0.17)

Un-conditionalized stressed .66 (0.26) .39 (0.29) .43 (0.26) .24 (0.21)
Conditionalized control? 1.00 (0.00)  1.00 (0.00) .68 (0.18) .38 (0.27)

Conditionalized stressed? 1.00 (0.00) 1.00 (0.00) .53 (0.27) .56 (0.34)

2 Conditionalized recall rate on practice blocks were set to 1.00 because only targets recalled in this phase

were considered in calculating the criterial test recall proportion.

The last hypothesis of our research was that most participants would choose SP as
being more effective than RP in creating better long-term memories. This result was expected
based on Karpicke et al. (2009), who showed that students chose SP over RP by answering
questionnaires about which strategy they considered more effective (JOLS). Our result show
that, after experiencing retrieval practice, even without any explanations about the merits of
the technique, most participants said that RP would be better than SP. Participants may have
noticed that retrieval practice demanded more effort and engagement and would thus be more
effective than restudy. Karpicke et al. (2009) proposed that students lack awareness of the
efficacy of testing as a learning strategy, but our results show the opposite, which may be due
to methodological differences between studies. In our research, participants had the
opportunity to use retrieval practice before they were asked about the efficacy of this
technique, whereas participants were only asked about retrieval practice without having
experienced the technique in Karpicke et al. (2009). In educational settings, it is important to
guide students in choosing the best learning strategies, that propitiates better performance in

future tests, as well as an active behavior when studying. Retrieval practice has important
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effects on students’ metacognition, which is improved by results on performance tests and

consequent more reviews (feedback) of to-be-learned information (Karpicke & Blunt, 2011).

Limitations

Some limitations are present in the current study. By exposing participants to
corrective feedback, after the recall attempt during encoding phase, the retrieval practice
effect is blended with the test-potentiated learning effect (Arnold & McDermott, 2012), and
because of our experimental design, it is not possible to disentangle the contributions of each
effect on memory performance. As stated by Pashler, Cepeda, Wixted, and Rohrer (2005), the
presence of feedback after an incorrect recall attempt boosts memory performance on delayed
tests. Future studies might isolate the retrieval practice effects by not providing feedback.
Another limitation was the apparent floor effect for study practice targets, probably resulted
from the experimental design with demanded participants to type in the translation during the
practice blocks. Future research might solve this by not having participants typing in the
answers. We chose to ask them to type in their answers in the study practice blocks to control
for cognitive load during tasks between blocks, as retrieval practice blocks had to have the

translation typed in so that measurements on the learning evolution could be analyzed.
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Conclusions

Effective learning strategies are important assets that help people achieve their goals
and optimize their study schedule. Retrieval practice produces better memory encoding and
retrieval; hence it is a powerful means of enhancing long-term memory, which was highly
corroborated by our results. The retrieval practice effect is so auspicious that Roediger,
Putnam, and Smith (2011) list some RP benefits and possible applications to Education,
stating that this practice can even help students when they are studying on their own.

An interesting finding in our research, that harder items were positively affected by
stress when encoded by retrieval practice, but easier items were not, raises a new question
about the impact of stress on memory performance related to the retrieval practice strategy.
According to one view (Bjork & Bjork, 1992), both storage and retrieval strengths are boosted
by retrieval practice, and performance was better for harder targets when under stress, which
leads us to the assumption that stress modulates the recall threshold for these type of items.
Our data shows that both easier and harder to-be-learned information benefited from retrieval
practice. For educational purposes, this result is relevant in that it shows that retrieval practice
may not only protect harder items from the detrimental effects of stress, but it can also boost
performance of these items under stressful conditions, such as exams (e.g., SAT),
presentations or interviews.

Our results also suggest that by experiencing the retrieval practice strategy,
participants intuitively believed that they would obtain better results from it, compared to
repeatedly studying the materials. This might play an important role in raising students’
awareness of the strong benefits of retrieval practice. Schools and educators might introduce
retrieval practice tasks within their methodologies to help students develop a more conscious

behavior towards their decisions on how to study by themselves.
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Appendix A: Experimental Stimuli Used

Table Al

Parameters of Swahili-Portuguese Word Pairs Used in Retrieval Practice Blocks

Difficulty WP number Swabhili Portuguese English? Memorability®
01 inda malicia spite 0.29
02 iktisadi economia economy 0.26
03 yamini juramento oath 0.25
04 hamira levedura yeast 0.18
05 ruba sanguessuga leech 0.28
harder
06 hariri seda silk 0.28
07 lozi améndoa almond 0.22
08 ziwa lago lake 0.28
09 bustani jardim garden 0.26
10 nanga ancora anchor 0.27
11 elimu ciéncia science 0.47
12 nabii profeta prophet 0.49
13 punda burro donkey 0.7
14 usingizi sono sleep 0.47
_ 15 wingu nuvem cloud 0.57
easier
16 lulu perola pearl 0.73
17 pipa barril barrel 0.75
18 goti joelho knee 0.51
19 mbwa cachorro dog 0.65
20 pombe cerveja beer 0.65

2 Original English word normed for Nelson and Dunlosky (1994).

b Memorability was computed as average proportion of participants that correctly recalled items over three

blocks of tests (see, Lima & Buratto, 2019).
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Appendix A: Experimental Stimuli Used (continued)

Table A2

Parameters of Swahili-Portuguese Word Pairs Used in Study Practice Blocks

Difficulty WP number  Swabhili Portuguese English? Memorability®
21 ladha sabor flavor 0.14
22 hadithi historia story 0.28
23 utenzi poema poem 0.23
24 jeraha ferida wound 0.27
25 handaki trincheira trench 0.14
harder
26 ankra fatura invoice 0.22
27 samadi estrume manure 0.25
28 ambo cola glue 0.25
29 bahasha envelope envelope 0.21
30 lango portéo gate 0.28
31 roho alma soul 0.67
32 chama sociedade society 0.65
33 wasaa lazer leisure 0.59
34 dafina tesouro treasure 0.63
_ 35 malkia rainha queen 0.73
easier
36 buu larva maggot 0.53
37 chura sapo frog 0.47
38 nafaka milho corn 0.51
39 godoro colchéo mattress 0.47
40 nyanya tomate tomato 0.75

2 Original English word normed for Nelson and Dunlosky (1994).

b Memorability was computed as average proportion of participants that correctly recalled items over three

blocks of tests (see, Lima & Buratto, 2019).
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Appendix B: Additional Analysis

According to the automatization account of the RP effect (Racsmany et al., 2018), the
benefits derived from retrieval practice stem from the automatization it promotes, which leads
to lower involvement of other cognitive functions (e.g., attention) and consequent faster
processing. The authors compared the benefits obtained from retrieval practice to those of
skill learning in several situations, showing that empirical evidence from different studies
corroborate this assumption. Some of the benefits observed in both skill learning and retrieval
practice include better performance in tasks involving divided attention (Buchin & Mulligan,
2017, 2019) and proactive interference (Szpunar, McDermott, & Roediger, 2008). The key
dependent variable accounted to support the theory is the RT of retrieval, that is, retrieval
practiced items are recalled faster than restudied ones. Racsmany et al. (2018) also showed
that data from two functional magnetic resonance imaging (fMRI) studies (Keresztes, Kaiser,
Kovacs, & Racsmany, 2014; van den Broek, Takashima, Segers, Fernandez, & Verhoeven,
2013) supporting their theory of automatization because, during retrieval, participants had (1)
increased activity in the striatum and (2) decreased fronto-parietal activity for retrieval
practiced items, both being typical characteristics observed in skill learning studies. Although
it was not our goal when designing this experiment, our results are congruent with the
automatization account theory proposed by Racsmany et al. (2018). Our results show that RTs
for recall attempts during practice blocks decreased following a power function, as shown in

Figure 9.
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Appendix B: Additional Analysis (continued)
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Figure 9. Fitted power function to averaged RT on practice blocks.
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Appendix C: Ethics Committee Approval (continued)
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Appendix D: Consent Form for the Control Group

DB Universidade de Brasilia

Termo de Consentimento Livre e Esclarecido - TCLE

Convidamos vocé a participar do projeto “A eficacia da pratica de recuperagao na
criagdao de memorias resistentes ao estresse”, sob a responsabilidade de Carlos Eduardo
Dantas da Costa Lage, aluno de mestrado no Instituto de Psicologia (UnB). O objetivo
desta pesquisa é verificar se diferentes técnicas de memorizagdo podem reduzir os
efeitos prejudiciais do estresse na memoria.

Sua participacdo se dara por meio de dois encontros de 45 minutos, o primeiro para
estudar uma lista de palavras, e o segundo, 7 dias apds o primeiro, para a realizagéo de
um teste de memoéria. Os dois encontros serdo realizados no LIPSI (Laboratorio
Integrado de Pos-Graduagdo e Pesquisa Experimental em Psicologia com Humanos), no
Instituto de Psicologia (UnB, campus Darcy Ribeiro), na parte da tarde.

No dia do teste, vocé realizara um procedimento que envolve colocar uma de suas maos
dentro de um recipiente com agua a temperatura ambiente durante 2 minutos. Esse
procedimento sera realizado antes do teste de memoria. Esse protocolo é amplamente
utilizado em pesquisas em diversos paises, pois € uma maneira rapida e economica de
gerar respostas fisiologicas de estresse. Nessa fase do experimento, também serdo
realizadas algumas medi¢des de pressdo arterial e coletas de amostras de saliva para
posterior analise em laboratorio. Caso queira receber os resultados das analises
laboratoriais, um email deve ser fornecido ao pesquisador. Os dados de contato ndo
serdo utilizados para nenhum outro fim e nao serdo divulgados de nenhuma forma.

Ao participar desse estudo, vocé estara contribuindo para o desenvolvimento de técnicas
de estudos mais eficazes. Vocé pode se recusar a responder qualquer questdo que lhe
traga constrangimento, pode se recusar a ser filmado e pode se recusar a realizar o
procedimento de indugédo de estresse. Além disso, vocé pode desistir de participar da
pesquisa a qualquer momento semn que isso lhe fraga qualquer prejuizo. Sua participacao
¢ voluntaria e nao havera pagamento por sua colaboragao.

Os resultados da pesquisa serdo divulgados em seminarios e publicagdes cientificas.
Seus dados serdo mantidos sob sigilo, sendo removidas quaisquer informagdes que
permitam identifica-lo. Os dados obtidos nessa pesquisa ficardao sob a guarda do
pesquisador por cinco anos. Apds esse periodo, eles serdo destruidos.

Caso tenha qualquer divida em relagdo a pesquisa, por favor telefone para Carlos
Eduardo no telefone 061-99944-2999 ou envie um e-mail para cadu@aluno.unb.br.

Este projeto foi aprovado pelo Comité de Etica em Pesquisa em Ciéncias Humanas e
Sociais (CEP/CHS) da Universidade de Brasilia. Duvidas com relagdo a assinatura deste
TCLE ou sobre seus direitos como participante da pesquisa podem ser esclarecidas pelo
telefone (61) 3107-1592 ou pelo email cep chs@unb.br. O CEP/CHS se localiza na
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Appendix D: Consent Form for the Control Group (continued)

81

DB Universidade de Brasilia

Faculdade de Direito, na sala BT 03/1, Campus Universitario Darcy Ribeiro,
Universidade de Brasilia, Asa Norte.

Caso concorde em participar, pedimos que assine este documento que foi elaborado em
duas vias. Uma via ficara com o pesquisador responsavel, e a outra, com voce.

Dados do participante:

Nome completo:

Data de Nascimento: CPF:

Telefone “Whatsapp™: ( )

Email:

Assinatura do participante

Assinatura do pesquisador responsavel

Brasilia,  de de
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Appendix E: Consent Form for the Experimental Group

DEg Universidade de Brasilia

Termo de Consentimento Livre e Esclarecido - TCLE

Convidamos vocé a participar do projeto “A eficacia da pratica de recuperagdo na
criagdo de memorias resistentes ao estresse”, sob a responsabilidade de Carlos Eduardo
Dantas da Costa Lage, aluno de mestrado no Instituto de Psicologia (UnB). O objetivo
desta pesquisa é verificar se diferentes técnicas de memorizagdo podem reduzir os
efeitos prejudiciais do estresse na memoria.

Sua participacdo se dara por meio de dois encontros de 45 minutos, o primeiro para
estudar uma lista de palavras, e o segundo, 7 dias apds o primeiro, para a realizagio de
um teste de memoria. Os dois encontros serdo realizados no LIPSI (Laboratorio
Integrado de Pos-Graduagdo e Pesquisa Experimental em Psicologia com Humanos), no
Instituto de Psicologia (UnB, campus Darcy Ribeiro), na parte da tarde.

No dia do teste, vocé realizara um procedimento de indugdo de estresse fisiologico.
Nesse procedimento, vocé ird colocar uma mdo dentro de um recipiente com agua
gelada durante 2 minutos para indugdo de resposta de estresse fisiologico no organismo.
Esse procedimento sera realizado antes do teste de memoria. A agua gelada devera gerar
desconforto, mas o efeito é transitério. Esse protocolo ¢ amplamente utilizado em
pesquisas em diversos paises, pois € uma maneira rapida e econdmica de gerar respostas
fisiologicas de estresse. Vocé sera filmado durante a realiza¢do desse procedimento.
Nessa fase do experimento, também serdo realizadas algumas medi¢oes de presséo
arterial e coletas de amostras de saliva para posterior analise em laboratorio. Caso
queira receber os resultados das analises laboratoriais, um email deve ser fornecido ao
pesquisador. Os dados de contato ndo serdo utilizados para nenhum outro fim e ndo
serdo divulgados de nenhuma forma.

Ao participar desse estudo, vocé estara contribuindo para o desenvolvimento de técnicas
de estudos mais eficazes. Vocé pode se recusar a responder qualquer questdo que lhe
traga constrangimento, pode se recusar a ser filmado e pode se recusar a realizar o
procedimento de indugédo de estresse. Além disso, vocé pode desistir de participar da
pesquisa a qualquer momento sem que isso lhe traga qualquer prejuizo. Sua participagao
€ voluntaria e ndo havera pagamento por sua colaboracao.

Os resultados da pesquisa serdo divulgados em seminarios e publica¢des cientificas.
Seus dados serdo mantidos sob sigilo, sendo removidas quaisquer informagdes que
permitam identifica-lo. Os dados obtidos nessa pesquisa ficardo sob a guarda do
pesquisador por cinco anos. Apds esse periodo, eles serdo destruidos.

Caso tenha qualquer duvida em relagdo a pesquisa, por favor telefone para Carlos
Eduardo no telefone 061-99944-2999 ou envie um e-mail para cadu@aluno.unb.br.

Este projeto foi aprovado pelo Comité de Etica em Pesquisa em Ciéncias Humanas e
Sociais (CEP/CHS) da Universidade de Brasilia. Duvidas com relacéo a assinatura deste
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Appendix E: Consent Form for the Experimental Group (continued)

DB Universidade de Brasilia

TCLE ou sobre seus direitos como participante da pesquisa podem ser esclarecidas pelo
telefone (61) 3107-1592 ou pelo email cep chs@unb.br. O CEP/CHS se localiza na
Faculdade de Direito, na sala BT 03/1, Campus Universitario Darcy Ribeiro,
Universidade de Brasilia, Asa Norte.

Caso concorde em participar, pedimos que assine este documento que foi elaborado em
duas vias. Uma via ficara com o pesquisador responsavel, e a outra, com voce.

Dados do participante:

Nome completo:

Data de Nascimento: CPE:

Telefone “Whatsapp™: ( )

Email:

Assinatura do participante

Assinatura do pesquisador responsavel

Brasilia,  de de
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Appendix F: Checklist Form Used During Sessions

84

o O o
" P Departamento de Processos Psicologicos Basicos
-‘ Instituto de Psicologia, Universidade de Brasilia

A eficacia da Pratica de Recuperacio na criacio de memorias resistentes ao estresse.

CHECKLIST PARA SESSAO EXPERIMENTAL 01

r
Data: /| / | Participante NUMERO |
! 1
y )
Hora inicio: : :
1
! '
Hora término: 4 !
A |
Nome do participante:
CPF: WhatsApp: ( )
Assinatura do participante:

[ Leitura e assinatura do TCLE (termo de consentimento livre e esclarecido);
[0 Marque o programa em PsychoPy utilizado: [A]  [B];

[0 COLETA de Saliva

[ Pressdo: Sistélica mm/Hg, Diastdlica mm/Hg Pulso bpm.

[0 Observaces:
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Appendix F: Checklist Form Used During Sessions (continued)

o O o
" P Departamento de Processos Psicologicos Basicos
h‘ Instituto de Psicologia, Universidade de Brasilia

CHECKLIST PARA SESSAO EXPERIMENTAL 02

Data: / /2018 Hora inicio: : Hora término:

Assinatura do participante:

[J PsychoPy programa: session_2_questionnaires;

O COLETA de Saliva

[J Pressio: Sistélica mm/Hg, Diastdlica mm/Hg Pulso____ bpm;
[0 Marque grupo experimental SECPT: [ Jestressado [ ]controle;

[J cold Pressor:  Temperatura______ °C Tempo submerso:  min____ seg;
[ video: the office episode (grupo estressado: matematica e Cold Pressor ligado);
[J PsychoPy programa: session_2_final memory _test;

[0 COLETA de Saliva ;

[J Pressio: Sistélica mm/Hg, Diastdlica mm/Hg Pulso___ bpm;

[0 Leitura e assinatura do formulario de Debriefing e do recibo.

[0 Observagoes:
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Appendix G: Debriefing Form

o O o
" P Departamento de Processos Psicologicos Basicos
-‘ Instituto de Psicologia, Universidade de Brasilia

A eficacia da Pratica de Recuperacio na criacio de memdrias resistentes ao estresse.

DEBRIEFING

Obrigado pela sua participagdo. A hipdtese principal do estudo é: em momentos de
estresse, pessoas que estudam utilizando a técnica conhecida como Pratica de Recuperagéo tém
melhores resultados em se lembrar de itens guardados na memoria do que pessoas que
estudaram por outras técnicas, como a releitura do material. Para que o estresse fosse realmente
induzido no participante, utilizamos elementos como dor fisica (méo imersa na agua gelada),
avaliacdo social (cAmera gravando o participante para um comité avaliar suas reacdes faciais a
dor), e imprevisibilidade (solicitar uma contagem de 100 para tras, de 7 em 7, inesperadamente
no meio do video “The office”. A camera ndo estava realmente gravando, ou seja, foi utilizada
somente para gerar a resposta fisiologica do estresse no participante e nenhuma imagem ou
audio foram salvos. O grupo controle do experimento somente colocou a mio em agua na

temperatura ambiente, sem os fatores de avaliagdo social e imprevisibilidade.

RECIBO

Eu CPF

> )

declaro haver recebido, como reembolso de despesas alimentares dos dois dias das sessdes

experimentais, o total de R$20,00 (vinte reais).
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