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Abstract

Students are often advised to do all of their studying in one good place, but restudying to-be-learned material in a new
context can enhance subsequent recall. We examined whether there are similar benefits for testing. In Experiment
I (n=106), participants studied a 36-word list and 48hr later—when back in the same or a new context—either
restudied or recalled the list without feedback. After another 48 hr, all participants free-recalled the list in a new context.
Experiment 2 (n=203) differed by having the testing-condition participants restudy the list before being tested. Across
both experiments, testing in a new context reduced recall, which carried over to the final test, whereas restudying in a
new context did not impair (and in Experiment 2, significantly enhanced) recall. These findings reveal critical interactions
between contextual-variation and retrieval-practice effects, which we interpret as consistent with a distribution-of-

memory-strengths framework.
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“Try to study in the same place at the same time every day”
(Rasmussen, 2019). That popular recommendation (e.g.,
Hopper, 2003; Joubert, 2018) implies that learning is opti-
mal in a fixed environmental context. Research has demon-
strated, however, that varying study contexts yields
substantial learning benefits. Smith et al. (1978; Experiment
1), for example, demonstrated that studying a word list
across two sessions in two physically different contexts
yielded better recall than if both sessions were in identical
contexts. That study has been cited over 800 times and sug-
gests a remarkable property of human memory: contextual
variation enhances learning (Glenberg, 1979; Smith &
Rothkopf, 1984; Smith & Vela, 2001).

Prominent accounts of context effects on learning focus
on incidental encoding of environmental cues. Given the
cue dependency of memory, encoding under varied con-
texts—which presumably include more diverse cues than
non-varied contexts—yields increased cue support that
enhances recall (Tulving, 1983; Tulving & Pearlstone,
1966). More varied environmental cues across encoding

contexts also increases the likelihood that some of those
cues will be present to assist later retrieval in a different
context. Relatedly, everyday memory processes often occur
in a variety of different contexts; thus, the human brain may
have evolved to capitalise on the varied cues that are avail-
able when, for example, information is encoded in one
location but needs to be retrieved in another.

Research on contextual variation, however, has not
consistently revealed memory benefits (e.g., Eich, 1985;
Godden & Baddeley, 1980; Pessin, 1932). Such results
suggest two moderating factors. First, benefits may be
reduced when participants can easily mentally reinstate the
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initial learning context (Smith, 1979). The literature on
context reinstatement (e.g., Godden & Baddeley, 1975)
indicates that having the same contextual information pre-
sent during learning and at test enhances recall (although
the effect has in some cases failed to materialise, for exam-
ple, Fernandez & Glenberg, 1985; Saufley et al., 1985).
Second, benefits may be reduced when learners focus on
information intrinsic to the to-be-learned materials at the
expense of environmental cues during encoding (Matzel
et al., 1985) or retrieval (Smith, 1994).

In addition, the learning activity in which one engages
has rarely been considered in contextual variation research.
Nearly all prior studies have used repeated studying (res-
tudying), but an alternate method, practice testing (retrieval
practice), is substantially more effective (e.g., Bjork,
1975; Roediger & Butler, 2011) and is widely endorsed by
researchers over restudying (e.g., Dunlosky et al., 2013;
Pan & Bjork, in press). Whether the benefits of retrieval
practice (i.e., the testing effect) interact with the effects of
contextual variation has, however, been largely unexplored
(cf. Smith & Handy, 2014). Several studies have shown
that retrieval practice does not need to occur in the same
location or use the same format as a final test in order for a
testing effect to manifest (e.g., Orr & Foster, 2013;
Wellington et al., 2015; see also Pan & Rickard, 2018),
suggesting that the testing effect is robust to some types of
contextual variation. Furthermore, the evidence as to the
effects of retrieval practice on the encoding of contextual
features is currently mixed: Enhanced memory for spatial
context (e.g., Akan et al., 2018) has been observed, but
memory for stimulus source (e.g., speaker voice as in
Brewer et al., 2010) or font colour information (e.g., Hong
et al., 2019) does not appear to be enhanced.

Beyond investigating the role of learning activity, no
contextual variation studies have featured multi-day inter-
vals as is common in numerous learning circumstances
(e.g., sessions were only separated by 3 hr in Smith et al.,
1978). If benefits of contextual variation dissipate quickly,
then that would constitute a serious limitation. Conversely,
if other learning tasks—most notably, studying versus
retrieval practice—amplify its benefits, then that would
increase its pedagogical utility. The present research
addressed these critical issues.

Experiment |

Over two sessions separated by 2 days, participants learned
a word list using retrieval practice or restudy in identical or
varied environmental contexts. Two days after the second
session, memory for the word list was assessed on a final
recall test administered in a novel context.

Method

Participants. We recruited 112 participants from the psy-
chology participant pool at a large research university in

the United States in exchange for partial course credit.
Data from six participants were not analysed, one owing to
prior familiarity with the materials and five owing to non-
compliance with instructions, leaving 106 participants
(same context-restudy: n=22; same context-test. n =27,
varied context-restudy: n=31; varied context-test:
n =26)inthefinalsample(79% female;Mage =19.78 years).
The desired sample size was determined using G*Power
3.1 software (Faul et al., 2007), which computed that 104
participants were required to detect an average testing
effect (¢=0.50; Rowland, 2014) as a main effect or inter-
action in a 2 X2 analysis of variance (ANOVA) with
70% power (which was chosen due to limitations of the
available participant pool and laboratory space; we
acknowledge, however, that this threshold is somewhat
lower than current standards for desired power in psycho-
logical research). This sample size exceeded those of
similar contextual variation studies (e.g., Smith et al.,
1978, Experiment 1: n=16; Smith & Handy, 2014,
Experiment 1: n=45).

Design. A fully-crossed 2 (context: same or varied) X 2
(learning activity: restudy or test) between-participants
design was used. The dependent measure was the propor-
tion of words correctly recalled on the test during the final
session of the experiment.

Materials. The learning materials were 36 English nouns
(e.g., cream, fluid, monument) from Kornell, Rhodes, et al.
(2011). These words had, on average, a frequency of 20.5
occurrences in 1,014,000 written words (Kucera & Fran-
cis, 1967), 5.9 letters, and 2.0 syllables.

Physical contexts. The locations employed are shown in
Figure 1.

Location A (testing room). Location A was a small labo-
ratory testing room in the university’s Psychology Build-
ing. The room contained five desktop computers arranged
across several tables, comfortable chairs, and several white
storage cabinets. Participants used the first four comput-
ers; the experimenter used the fifth computer. Other fea-
tures were bare white walls, a small window, and smooth
grey flooring.

Location B (patio). Location B was a patio adjacent to
a university student centre containing square metal tables
with heavy metal chairs, which is frequently crowded with
students studying and eating, as well as tour groups. Par-
ticipants were seated at one table, facing each other and
using laptops, with the experimenter watching the table
from an extra chair. Other features included natural light,
stone tiling, and substantial ambient noise.

Location C (seminar room). Location C was a medium-
sized seminar room used for meetings or small classes in a
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Figure |. Physical contexts. Experiment | involved Locations A, B, and C (testing room, patio, and seminar room). Experiment 2
involved Locations D, E, and F (testing room, study lounge, and office space).

historical university building. The room contained a large
wooden oval table surrounded by plush cloth chairs and no
computers. Participants were seated around the table and
spaced at every other chair to prevent viewing of others’
responses. Other features included wood decoration, white
walls, carpeting, and natural light.

Procedure. As depicted in Figure 2, participants completed
three sessions spaced 48 hr apart. Each session occurred at
the same time of day (within 45 min) on Monday, Wednes-
day, and Friday of a given week. Across sessions, contexts
could vary by location, room, experimenter, cohort, and
mode of stimulus presentation (depending on condition).
The order of locations was counterbalanced such that half
of the participants completed Session 1 in Location A and

Session 2 in Location B, while the other half did so in the
reverse order. All participants completed Session 3 in
Location C.

Session | (initial study). All participants studied the word
list on a desktop or laptop computer seven times. During
each study cycle, each word was presented individually
for 5s. Word order was randomised anew prior to each
study cycle. To facilitate random assignment of partici-
pants to condition and to allow for variation in cohort for
the varied-context conditions in Session 2, eight partici-
pants per hour participated in Session 1 in two separate
30-min blocks of four participants each (with participants
randomly assigned to the first or second block and the first
block preceding the second block).
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Figure 2. Schematic of the three-session procedure used in the same context-restudy, same context-test, varied context-restudy,
and varied context-test conditions of Experiments | and 2 (example Experiment | arrangement shown). Details of the (re)study
and retrieval practice procedures appear in the text. Note a critical difference between Experiments | and 2: though Experiment

| employed pure restudy or retrieval practice during Session 2, that session in Experiment 2 always began with restudy. Thus, the
restudy conditions engaged in two cycles of restudy and the test conditions completed one restudy cycle followed by retrieval

practice.

Session 2 (training). Participants engaged in restudy
(restudy conditions) or retrieval practice (test conditions).
In the restudy conditions, participants restudied the word
list one time, with the words presented in a random order
for 5s each, for a total of 3 min. In the test conditions, par-
ticipants took a free recall test wherein they attempted to
type all the words that they could remember within a 3-min
period. Importantly, participants in the same-context con-
ditions completed Session 2 in the same room, at the same
computers, next to the same individuals, and with the same
experimenter as in Session 1, whereas participants in the
varied-context conditions experienced changes across all
of those dimensions relative to Session 1.

Session 3 (final test). All participants completed a hand-
written final free-recall test wherein they wrote all the
words that they could remember within a 5-min period.
Afterwards, they completed an exit survey (results of
which are summarised in the ‘General discussion’ section)
and were dismissed.

Results

Session 2 recall. Session 2 recall for the varied context-test
and same context-test conditions was compared using an

independent-samples z-test, with equal variances not
assumed due to a significant Levene’s test of homogeneity
of variances, F' (1, 51)=9.98, p=.003. The #-test indicated
that participants in the same context-test condition
(M=0.36, SD=0.26) recalled a significantly greater pro-
portion of the words—more than twice as much—relative
to the different context-test condition (M=0.17, SD=0.15)
during Session 2, ¢ (42.78)=3.22, p=.002, d=0.89, 95%
confidence interval (CI)=[0.07, 0.30].

Session 3 final recall. Correct recall proportions on the final
test by participants in the same versus the varied-context
conditions as a function of whether they restudied or were
tested in Session 2 are illustrated in Figure 3. A two-way
bootstrapped ANOVA with 10,000 samples was conducted
with context (same or varied) and learning activity (test or
restudy) as the independent factors and proportion of words
recalled on the final test as the dependent variable. Boot-
strapping was used because Levene’s test of equality of
error variances was significant, F' (3, 102)=5.22, p=.002.
As indicated in Figure 3, a significant interaction between
context and study activity was obtained, F (1, 102)=7.43,
MSE=0.44, p=.008, ni =.07 . Given that highly signifi-
cant interaction, main effects were not considered and
follow-up tests of simple effects were conducted instead.
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Figure 3. Correct recall proportions on the final test by
participants in the same-context versus the varied-context
conditions of Experiment | as a function of whether they
restudied or were tested in Session 2. Error bars represent
95% confidence intervals.

All simple effects were assessed using an independent-
samples #-test (10,000 samples) with equal variances not
assumed.

Effects of contextual variation. Final test recall perfor-
mance did not differ significantly for participants who
restudied in the same context (M=0.28, SD=0.22)
compared to those who restudied in a varied context
(M=0.35, SD=0.29), ¢ (50.61)=-0.92, p=.36, d=0.31,
95% CI=[—0.20, 0.08], although performance was numer-
ically better in the latter condition. A null effect of context
on the study conditions was further indicated by a Bayes-
ian independent-samples #-test (conducted via the online
tool by Rouder et al., 2009, and using the jeffreys-zell-
ner-siow [ZS] prior), which showed BF,;=2.53 (suggest-
ing that the data are approximately two-and-a-half times
more likely under the null hypothesis than the alternative
hypothesis). For participants who were tested rather than
allowed to restudy, however, final test performance for
those in the same-context condition (M=0.37, SD=0.27)
was significantly better than for those in the varied-context
condition (M=0.18, SD=0.15), ¢ (41.15)=3.21, p=.003,
d=1.42,95% CI=[0.07, 0.32].

Effects of learning activity. The same context-restudy
condition (M=0.28, SD=0.22) yielded comparable final
test performance as did the same context-test condition
(M=0.37, SD=0.27), indicating no significant effect of
learning activity within same context, ¢ (46.99)=-1.29,
p=.21,d=0.18, 95% CI=[-0.23, 0.05], although testing
did yield numerically better recall (a Bayesian ¢-test
similar to that performed above yielded BF ,=1.78,

suggesting that, although the data are more likely under
the null hypothesis than the alternative hypothesis, this
evidence is fairly weak). In contrast, restudying in an iden-
tical context in Session 2 (M=0.36, SD=0.29) yielded
significantly better final test performance than testing in
a varied context (M=0.18, SD=0.15), t (47.47)=2.83,
p=.007,d=1.25,95% CI=[0.05, 0.29].

Session 3 recall conditionalised on Session 2 recall. We
examined whether words recalled on the final test by
participants in the test conditions were primarily ones
that had previously been recalled during retrieval prac-
tice in Session 2. This analysis indicated that the words
recalled at final test were overwhelmingly ones that had
been recalled during Session 2 (same context-test condi-
tion, M=0.90, SD=0.13; different context-test condition,
M=0.85, SD=0.23) and that few words that had failed to
be recalled during Session 2 were spontaneously recalled
during the final test.

Discussion

Restudying in varied contexts produced numerically bet-
ter recall than restudying in the same context—a partial
replication of Smith et al. (1978) with longer between-
session intervals. Furthermore, testing in varied versus the
same contexts had deleterious effects. Specifically, con-
textual variation in Session 2 reduced retrieval success,
which in turn lowered final test performance (it might
even be argued that contextual variation “reversed” the
testing effect). Although contextual variation and retrieval
practice have been shown, independently, to promote
long-term retention, we observed circumstances wherein
their combination can have sub-additive effects on later
recall. Finally, it is notable that a potent context reinstate-
ment effect was observed during Session 2 in the same
context-test condition relative to the varied context-test
condition.

Experiment 2

The findings of Experiment 1 surprised us in two ways.
First, the benefit of contextual variation for restudying on
later recall was modest relative to prior findings. Although
longer between-session intervals may have been a factor,
participants also spent unequal time in the Session 1 and
Session 2 contexts (30 min vs 5min, respectively), unlike
in prior studies. That disparity could have reduced oppor-
tunity for, and thereby weakened, encoding of Session 2
environmental cues. Thus, although we continued to use
sessions separated by 48 hr, Session 1 and Session 2 had
equal durations in Experiment 2. Second, we found that
recalling information in a new Session 2 context nega-
tively affected final test performance. To test whether this
decrement was due to increased retrieval difficulty and
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reduced retrieval success in a new context (possibly due to
reduced context reinstatement), we added a restudy cycle
prior to retrieval practice in Session 2. We expected this
restudy cycle to improve Session 2 retrieval success, and
consequently final test performance, particularly for the
varied context-test condition.

Method

The design and analysis plan was preregistered at Open
Science Framework (https://osf.io/8spdw/?view_only=c9
Tefe84a0c34885a3e4d336dc9232ae).

Participants. We recruited 211 participants in the same
manner as in Experiment 1. The target sample size, deter-
mined using an a priori power analysis in G*Power 3.1
(Faul et al., 2007), was larger in an effort to ensure suffi-
cient power to detect a contextual variation effect. Based
on an expected effect size of @=0.45 (Smith & Vela, 2001),
48 participants per group is needed for 70% power in a
between-participants design. Data from eight participants
were not analysed, three owing to a stated lack of English
proficiency and five owing to noncompliance with instruc-
tions, leaving 203 participants (same context-restudy:
n=52; same context-test: n=>51; varied context-restudy:
n=50; varied context-test: n=>50) in the final sample (72%
female; M, =20.08 years).

Design and materials. The design of Experiment 2, with the
exceptions noted below, and word list stimuli were the
same as in Experiment 1.

Physical contexts. Although logistical considerations pre-
cluded using the same locations, we again used three loca-
tions on the same university campus that were distinct
from one another across multiple dimensions, and the pho-
tos for these locations are shown in Figure 1.

Location D (testing room). Location D was a small rectan-
gular room in the university’s Psychology Building, which
contained a row of four desktop computers in wooden test
booths (which participants used), metal chairs, and stacks
of storage boxes. Features included bare white walls, no
windows, bright fluorescent lights, and tile flooring.

Location E (study lounge). Location E was a large room
in a university student centre that was typically full of stu-
dents quietly studying. Features included high, ornate ceil-
ings, carpeted flooring, lighting from chandeliers and large
windows accented with stained glass, oil paintings, sofas,
and plush chairs arranged around wooden tables.

Location F (office space). Location F was a midsize office
room in the university’s Life Sciences building that is

temporarily in use for graduate-student office hours. The
room contained large metal desks in different colours along
its walls, fabric chairs, dirty carpet, no windows, a low ceil-
ing, bare white cinderblock walls, dim fluorescent lighting,
broken appliances, and had a distinct, musty smell.

Procedure. The three-session procedure was largely the
same as that of Experiment 1 (i.e., involved three sessions,
each separated by 48 hr), except that (a) the locations were
different from that of Experiment 1 and (b) there were
small changes within each session as indicated below.

Session | (initial study). All participants studied the word
list two times (as opposed to seven as in Experiment 1) and
did so in Location D using provided desktop computers.

Session 2 (training). Participants in the restudy condi-
tions restudied the word list two times; participants in the
test conditions first restudied the word list one time and
then took a 3-min free recall test. Consequently, the dura-
tion of Session 2 was identical to that of Session 1 at 6 min.
The same-context conditions occurred in Location D using
desktop computers and with participants in groups; the
varied-context conditions occurred in Location E using
pen-and-paper materials (i.e., flashcards for restudying
and free recall worksheets for testing) and participants
were run individually.

Session 3 (final test). The final test occurred in Location
F and was administered using laptop computers (a novel
format for all participants relative to Sessions 1 and 2). No
exit survey was administered.

Results

Session 2 recall. An independent-samples #-test revealed
that participants in the same context-test (M=0.38,
SD=0.20) and different context-test (M=0.38, SD=0.17)
conditions recalled nearly identical proportions of the
word list, 1 (99)=-0.06, p=.96,d=—0.01, 95% CI=[—-0.07,
0.07] during Session 2.

Session 3 final recall. Correct recall proportions on the
final test by participants in the same- versus the varied-
context conditions as a function of whether they were in
the restudy or the test conditions of Experiment 2 are
shown in Figure 4. The analysis procedures mirrored
those used for the data obtained in Experiment 1, as Lev-
ene’s test of homogeneity of variances was significant,
F (3, 199)=6.10, p=.001. The two-way ANOVA again
revealed a significant interaction as suggested in Figure 4,
F (1, 199)=5.30, MSE=0.16, p=.02, nf, =.03. Simple
effects analyses were then conducted according to the
procedures outlined in Experiment 1.
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Figure 4. Correct recall proportions on the final test in
Experiment 2 as a function of whether participants were in
the restudy or test conditions of Experiment 2. Error bars
represent 95% confidence intervals.

Effects of contextual variation. A significant effect
of contextual variation within restudy conditions was
observed, with those who restudied in the same context
in Session 2 (M=0.14, SD=0.11) performing worse on
the final test than those who restudied in a varied con-
text in Session 2 (M=0.26, SD=0.18), ¢ (78.47)=-3.91,
p<.001, d=-0.78, 95% CI=[-0.17, —0.06]. In contrast,
no significant effect of context was observed for the test
conditions, with participants in the same context-test con-
dition (M=0.27, SD=0.23) and in the varied context-test
condition (M=0.27, SD=0.15) recalling comparable pro-
portions of the word list at final test, ¢ (86.40)=-0.10,
p=.92, d=-0.02, 95% CI=[—0.08, 0.07]. Evidence for a
null effect of context on the test conditions was indicated
by a Bayesian -test, with BF'|;=4.74, providing substan-
tial evidence for the null hypothesis.

Effects of study activity. A significant effect of restudy
versus retrieval practice for same-context conditions was
observed, with participants in the same context-restudy
condition (M=0.14, SD=0.11) recalling a significantly
lower proportion of the word list than did participants
in the same context-test condition (M=0.27, SD=0.23),
t (69.81)=-3.62, p=.001, d=—0.72, 95% CI=[—0.20,
—0.06]. In contrast, participants in the varied context-
restudy (M=0.26, SD=0.18) and participants in the
varied context-test (M=0.27, SD=0.15) conditions dem-
onstrated comparable recall rates, 7 (95.04)=-0.52, p=.61,
d=-0.10,95% CI=[—0.08, 0.05]; a Bayesian #-test yielded
BF,,=4.21.

Session 3 recall conditionalised on Session 2 recall. Sup-
plemental analyses again indicated that most of the words

recalled on the final test had previously been recalled
during Session 2 retrieval practice for both the same
context-test (M=0.93, SD=0.12) and varied context-test
(M=0.96, SD=0.07) conditions.

Discussion

During Session 2, testing rather than restudying in the ini-
tial learning context yielded better final test performance.
In addition, restudying in a new location yielded better
final test performance than restudying in the same loca-
tion. Thus, Experiment 2 replicated the contextual varia-
tion memory benefit across multi-day intervals and a
testing effect. We did not, however, find greater benefits
from engaging in retrieval practice in a new context during
Session 2. Instead, testing in a new or the initial learning
context was equally effective. Although that finding dif-
fers from results obtained in Experiment 1, there was again
a strong correspondence between Session 2 and final test
performance for both test conditions, with Session 2
retrieval success predictive of Session 3 recall.

General discussion

We investigated the effects of contextual variation and
testing on later recall across multi-day intervals and with a
novel focus on interactions between such effects. In
Experiment 1, contextual variation numerically enhanced
the effectiveness of restudying and significantly impaired
the effectiveness of retrieval practice. In Experiment 2,
with Session 1 and Session 2 durations equated via an
added restudy cycle, we fully replicated the benefit of con-
textual variation when Session 3 testing took place in a
new environment. We also found that the greater recall of
items in Experiment 1 during Session 2 when the Session
2 environment matched the Session 1 study environment
could be completely offset by providing a single restudy
opportunity in Session 2 before the items were tested.

Our results support two major conclusions. First, con-
textual variation can enhance the effectiveness of restudy-
ing, as measured on a subsequent test. Second, varying the
environmental context from a study session to a test ses-
sion (administered without feedback) reduces the level of
recall, which then, depending on the level of recall, can
result in poorer performance on a subsequent test in a new
context—compared to providing a single restudy opportu-
nity in the new context.

A strengths-of-memory-distributions account
of contextual variation and retrieval practice
effects

Our results align with the strength-of-memory-distributions

framework proposed by Kornell, Bjork, and Garcia (2011;

see also Halamish & Bjork, 2011, and Storm et al., 2014),
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Restudy increases RS more for all items when in a varied versus same context,
but this increase is still relatively small. Testing benefits the RS of successfully
retrieved items only, resulting in a bifurcated distribution of items' RS.
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A delay and context change lowers the RS of all restudied items, though final test
performance in the varied context-restudy condition is less affected due to higher
storage strength of items. Recalled items in the test condition were strengthened
more than items in the restudy conditions, but low retrieval success during
Session-2 resulted in a larger number of strengthened items in the restudy
condition. Thus, test performance is similar.
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Figure 5. Distribution of the retrieval strength (RS) of 100 hypothetical items at each phase of Experiment 2. Distribution of items

match actual Experiment 2 data, where appropriate, and are interpreted within the new theory of disuse framework.

a framework that derives from Bjork and Bjork’s (1992)
new theory of disuse. The basic idea is that pre-existing
differences between items with respect to factors such as
frequency or concreteness, coupled with moment-to-
moment differences in attention or processing efficiency,
result in the studied items being distributed in a roughly
normal-distribution way on a memory strength dimension.
It is then assumed that restudying to-be-learned items
shifts the entire distribution, whereas testing (without
feedback) shifts the strength of only the recalled items,

bifurcating the distribution. Because recalling is a more
powerful event than is restudying, the recalled items gain a
bigger boost in memory strength than do corresponding
restudied items. These dynamics are shown in a simplified

way in Figure 5.!

Another simplification shown in Figure 5 is what Bjork
and Bjork (1992) referred to as retrieval strength, which is
assumed to reflect the activation or accessibility of to-be-
recalled information and is heavily influenced by factors
such as current situational cues and recency of study or
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recall. What is not shown explicitly is storage strength,
which is assumed to reflect how entrenched or inter-asso-
ciated a memory representation is with related knowledge
and skills. Current performance is assumed to be entirely a
function of current retrieval strength, but storage strength
is assumed to slow the loss (forgetting) and enhance the
gain (relearning) of retrieval strength. Importantly, the
theory assumes that increases in storage strength are a
decreasing function of current retrieval strength (thus, lit-
tle additional learning—increases in storage strength—
occur when highly accessible information is recalled or
restudied). The length of the arrows in Figure 5 reflects the
assumed interaction of storage strength and retrieval
strength (for a graphical representation of that interaction,
see Storm et al., 2014).

Interpretation of the present findings

Experiment |. When tested in Session 2, there was a
large advantage of reinstating the Session 1 context (36%
recall vs 17% recall), which reflects that retrieval strength
is highly dependent on current cues. For the items actually
recalled, the act of recalling has a major impact on both
the storage strength and retrieval strength of the recalled
items, meaning that the items recalled 48 hr later in a new
context consist virtually entirely of items that were recall-
able in Session 2.

When items are restudied, however, the lowering of
retrieval strength via a change in contextual cues enhances
the gain in storage strength, which then leads to less for-
getting (loss of retrieval strength) across the 48 hr until the
final test. The numerical, but not significant, advantage of
varying the restudy context (35% vs 28%) is consistent
with Smith et al.’s (1978) finding that restudying in a new
context can help later recall in a novel/new context.

Experiment 2. When items are restudied twice in a new
environmental context, versus being restudied twice when
back in the Session 1 context, the change of environmen-
tal context lowers retrieval strength, as shown in Figure 5,
enhancing the gain of storage strength when items are res-
tudied, which then leads to less forgetting across the 48 hr
until the final test in a novel context. Thus, restudying
twice in a new context, versus restudying twice when back
in the original context, results in better recall 48 hr later in
a novel context (26% vs 14%)—more clearly replicating
Smith et al. (1978).

When items are restudied and then tested during Session
2, the change in environmental context from Session 1 to
Session 2 reduces retrieval strength during the restudy
cycle, enhancing the gain of storage strength, which then
reduces the forgetting (loss of retrieval strength) from the
restudy cycle to the following test cycle, contributing to
about the same level of recall (38%) during Session 2 inde-
pendent of whether participants are back in the Session 1
context or in a new context.

When, in a Session 2 context that differs from the origi-
nal context, items are restudied twice, recall 48 hr later in a
novel Session 3 context is about the same (38%) as when
the items are restudied once and then tested without feed-
back during Session 2. As illustrated in Figure 5, such
equivalent recall during Session 3 appears to reflect a
trade-off between the effects of all items being strength-
ened via restudying, versus fewer items being strength-
ened via testing, but strengthened to a greater extent in the
study-test condition. Given this interpretation, it should
then be the case that at a still longer retention interval an
advantage of the test condition over the restudy condition
would appear (cf. Storm et al., 2014).

Other considerations with respect to the
current findings

Given evidence that unsuccessful retrieval followed by
feedback can improve learning over restudying (e.g.,
Kornell et al., 2009) and testing alone (e.g., Kornell, Bjork,
& Garcia, 2011), adding feedback might have reversed the
deficit in the varied context-test condition in Experiment
1. Supporting evidence comes from Smith and Handy
(2014), which in three out of four experiments found a
benefit of testing with feedback in varied digital contexts
versus the same context when a final test occurred in a
neutral context. Multiple practice test trials with feedback
may also be necessary for a benefit of varied versus same-
context conditions to manifest (as was observed in Smith
& Handy, 2016, for the case of five vs fewer repetitions;
see also Schwoebel et al.,, 2018, for another case of
repeated testing with feedback). A further consideration is
the interval between initial study and retrieval practice. In
the prototypical testing effect experiment, retrieval prac-
tice occurs in the same session as initial studying of to-be-
learned information (Pan & Rickard, 2018), whereas in the
present experiments it occurred 48 hr later. Feedback, rep-
etition, and restudy opportunities may be advisable in
cases where retrieval practice and initial study are sepa-
rated across learning sessions. The delay between initial
study and restudy may have also contributed to the large
context variation benefit for the restudy conditions
observed in Experiment 2, possibly through incorporating
variation in temporal context as well as environmental
context. This added layer of variation may have strength-
ened the context variation effect and may explain why we
found a substantial context variation benefit even though it
has not always been observed when contextual variation
occurs within one experimental session (Smith & Handy,
2014, Experiment 4).

Practical implications

The present results support studying in varied environ-
mental contexts—contrary to the recommendation to study
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in one fixed location—and extend the contextual variation
benefit to multi-day intervals. They also, however, reveal
that the benefits of contextual variation interact with one
of the most effective learning techniques known to date:
retrieval practice. Our findings suggest that testing in var-
ied environmental contexts may not confer learning bene-
fits over doing so in a fixed location and may, in fact, be
detrimental when the level of recall is low and feedback or
a restudy opportunity is not available.

It is important to add, though, that creating a level of
learning that is sufficient to ensure a high rate of successful
retrieval in a changed environment may make the act of
retrieval more potent in terms of supporting later recall in
a new environment. There is considerable evidence that
the more involved or difficult the act of retrieval, provided
it succeeds, the greater the learning benefit as measured by
the likelihood of later recall (e.g., Appleton-Knapp et al.,
2005; Bjork, 1988; Landauer & Bjork, 1978). Said differ-
ently, retrieving information from long-term memory is a
fallible and probabilistic process—a kind of skill that, like
other skills, profits from practice—and the more difficult
or involved the act of retrieving to-be-learned materials
during the learning phase, the more that act exercises pro-
cesses that will be needed later when that material again
needs to be recalled, perhaps in a different context.

In conclusion, we offer two recommendations to stu-
dents who want to optimise their performance on an exam,
which, of course, is not likely to be administered in a prior
study location. First, study in more than one environmen-
tal setting. Second, if engaging in some type of retrieval
practice of the material, either try to create a level of initial
learning that will produce a high level of successful
retrieval (at a delay) whether back in the setting of initial
learning or not, or be sure that, via cooperative learning or
some other mechanism, feedback after errors or omissions
is available.
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