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Context Specificity of Automatic Influences of Memory
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It has often been shown that intentional recollection is influenced by context manipulations, such as
context reinstatement (e.g., Smith, 2013; Smith & Vela, 2001), but whether or not automatic retrieval
(e.g., Jacoby, 1991) is likewise context dependent remains an open question. Here, we present two
experiments that examined effects of context manipulations on indirect measures of memory. The first
experiment tested anagram completion, and the second experiment used word fragment completion to test
effects of context reinstatement; both experiments found reinstatement effects. To address potential
problems of explicit contamination, we also asked participants if they were aware of the priming
manipulations. Separating participants according to their test awareness showed effects of context
manipulations for both aware and unaware participants. A greater effect size was found for aware
participants only in Experiment 1, in which participants had enough time on each test trial for recollection
to be used. We conclude that context reinstatement does affect automatic retrieval.
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Is automatic retrieval context dependent? For example, when
you tell a clever joke or explain a great idea to the very colleague
who (you forgot) had told it to you in the first place, does context
play a role? That is, does the context provided by the colleague you
originally associated with the joke or idea make this embarrassing
situation even more likely to happen? Such errors reflect automatic
influences of memory, retrieving memories for earlier hearing of
the idea or joke without awareness of those automatic influences.
Errors and cognitive illusions such as these are explained by the
opposition of automatic and controlled influences of memory, but
context-specific automatic memories need not be oppositional;
unbidden memories of seemingly forgotten experiences, songs,
stories, or conversations commonly pop into mind, for example, at
reunions, triggered by reencountering the contexts in which those
experiences occurred. Such anecdotal experiences suggest that
even a single, arbitrary episodic pairing of an event with a context
may be automatically retrieved when that context is reinstated. In
the present study, we ask whether automatic influences of memory
are context specific.

Before describing our experiments aimed at this question, we
consider the contrast between automatic and cognitively controlled
processing. As described by Neumann (1984), this contrast has
been widely applied, in areas including bilingualism and second-
language learning (Segalowitz & Hulstijn, 2005), control of pos-
ture and gait (Woollacott & Shumway-Cook, 2002), and models of

drug urges and drug use (Tiffany, 1990). Cognitively controlled
processing is generally described as accompanied by awareness,
being intentional, and relatively slow. In contrast, responses orig-
inating from automatic influences are described as being reflex-
like in their being fast, unaccompanied by either intention or
awareness of their cause, and not requiring attention. Being reflex-
like, automatic processes are generally considered to be peripheral
and, so, context free. In contrast, Neumann described reflexes as
context dependent. For example, he noted that even the knee-jerk
reflex depends on the general context in which an attempt to elicit
the reflex occurs. Against this backdrop, one might expect auto-
matic influences of memory to be context specific, not context
free.

The contrast between cognitively controlled and automatic in-
fluences has been used to describe findings of dissociations be-
tween direct and indirect tests of memory. For direct tests of
memory, such as cued recall or recognition memory, people are
asked directly to report on the occurrence of a particular past event.
In contrast, for an indirect test, participants are not asked to report
on the past, but rather to engage in a task that can reflect the
occurrence of a particular prior event without the participant being
aware that it does so. As an example of an indirect test, a fragment
of a word (e.g., “_OT_L”) might be presented, with the participant
being asked to complete the fragment to form a word. Prior presen-
tation of a word that completes the fragment (e.g., “MOTEL”) makes
it likely that the earlier-presented word will be produced as a
completion even when participants are unable to report or recog-
nize the word as previously presented. More generally, memory
performance revealed by a variety of indirect tests can be disso-
ciated from performance on direct tests of memory (e.g., Jacoby,
1991; Tulving, Schacter, & Stark, 1982; Warrington & Weisk-
rantz, 1978). Tulving et al. (1982) identified performance on
indirect tests of memory as reflecting implicit memory, whereas
performance on direct tests was said to reflect explicit memory.
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Rather than identifying processes with tasks in that way, Jacoby
(1991) argued that tasks are seldom process pure. It was argued
that indirect tests of memory generally weight toward reflecting
automatic influences of memory but can also reflect cognitively
controlled influences of memory. In contrast, direct tests of mem-
ory weight toward cognitively controlled influences of memory
but can also reflect automatic influences of memory.

There is now a great deal of evidence to show context specificity
of effects on direct tests of memory. For example, Godden and
Baddeley (1975) used two radically different environmental con-
texts, on dry land versus underwater, to test context-dependent
memory, and they found that reinstating the study context at test,
rather than testing in a different environmental context, produced
better recall. Other studies have used room manipulations (Mc-
Daniel, Anderson, Einstein, & O’Halloran, 1989; Smith, 1979;
Smith, Glenberg, & Bjork, 1978), ambient odors (Cann & Ross,
1989), or background music (Balch, Bowman, & Mohler, 1992;
Smith, 1985) as environmental contexts to demonstrate effects of
context reinstatement on recall. Despite notable failures to find
context reinstatement effects (e.g., Fernandez & Glenberg, 1985;
Saufley, Otaka, & Bavaresco, 1985), a meta-analysis of incidental
environmental context effects by Smith and Vela (2001) showed
that, across all studies, a significant, but modest, effect of envi-
ronmental context was found (Cohen’s d � .28).

Most environmental context-dependent memory studies have
used tests that are likely to rely on recollection, such as recall tests
(e.g., Godden & Baddeley, 1975; McDaniel et al., 1989; Smith,
1979, 1984, 1985). A good example is the study by Smith (1979),
which reported significant room reinstatement effects on a free
recall test. That study also reported effects of mental reinstatement
of the study context; participants tested in a nonreinstated room
who were instructed to think about the study context before the
recall test recalled as much as participants who were physically
returned to the study room. It is difficult to explain these mental
reinstatement effects, and other context effects that use recall tests,
without relying on the notion that context reinstatement can en-
hance recollection.

Studies of context reinstatement effects with recognition mem-
ory tests suggest the possibility that environmental context rein-
statement benefits only recollection and does not affect automatic
memory processes. Whether or not studies of recognition memory
show reliable context-dependent memory effects has long been in
question, based on early failures to find such effects (Godden &
Baddeley, 1980; Jacoby, 1983; Smith et al., 1978). Nonetheless,
there have been several reports of context-dependent recognition
memory (e.g., Dalton, 1993; Hayes, Nadel, & Ryan, 2007; Hock-
ley, 2008; Krafka & Penrod, 1985; Macken, 2002; Murnane,
Phelps, & Malmberg, 1999; Rutherford, 2004; Shahabuddin &
Smith, 2016; Smith, 1985, 1986; Smith & Vela, 1992), and in their
meta-analysis of such effects, Smith and Vela (2001) noted that
despite notable failures to find context-dependent recognition ef-
fects, overall, such effects are no less robust than the effects of
context reinstatement measured with recall tests. Although there
are several factors that are likely responsible for failures and
successes of context-dependent recognition effects, one factor is
the involvement of recollection, as opposed to familiarity or au-
tomatic retrieval, on the recognition test. For example, Macken
(2002), using a remember–know paradigm (e.g., Gardiner, 1988),
found a context-dependent recognition effect only for remember

judgments, a measure of recollection, and not for know responses,
considered more of a measure of familiarity or automatic retrieval.
Similarly, Hockley (2008) found a context-dependent recognition
effect only when target words had been intentionally encoded in
association with their study contexts, thereby enabling contextu-
ally cued recollection; Hockley’s finding occurred only for remem-
ber responses and not for know responses. These studies, combined
with the effects of environmental context-dependent memory effects
for recall tests, indicate that context reinstatement clearly affects
recollection, as measured by direct tests of memory.

In contrast to context effects found for direct tests, the results for
indirect tests have been much more mixed. Effects of verbal associa-
tive contexts (i.e., unrelated words paired with target words) have been
clearly demonstrated for indirect memory measures, whereas the
effects of environmental contexts (i.e., places and situations in which
events occur) on indirect tests are inconclusive. The effects of verbal
associative contexts on word-stem completion, an indirect memory
test, have been demonstrated repeatedly (e.g., P. Graf & Schacter,
1985, 1989; Schacter & Graf, 1986, 1989). Although these associative
context priming results are suggestive, performance on stem comple-
tion tests could be contaminated by recollection, an intentional, con-
sciously controlled use of memory. Addressing this problem, Jacoby
(1996) used the process dissociation method (e.g., Jacoby, 1991),
showing that the associative context specificity of automatic influ-
ences of memory could be understood by considering study/test
compatibility. Jacoby noted that reinstating associative contexts al-
lows both prior conceptually and data-driven processing to serve as
sources of automatic influences of memory, whereas nonreinstate-
ment of associative contexts allows only prior data-driven processing
to automatically influence memory. Thus, a body of research shows
that automatic retrieval, an unconscious influence of memory, is
affected by verbal associative context reinstatement.

Does environmental context reinstatement, like verbal associa-
tive context reinstatement, influence performance on indirect mea-
sures of memory, and, more to the point, does it affect automatic
retrieval? The evidence relevant to this question has been incon-
sistent. We hypothesize that the inconsistency of published results
is because of: (a) The environmental context-dependent recollec-
tion effect size is greater than the context-dependent automatic
retrieval effect, and (b) the environmental context methods (room
or odor manipulations) in all of the published studies with indirect
tests produce small effects. Thus, the weak context manipulations
in all of the previously published studies have been robust enough
only to detect the stronger effects of context-specific recollection,
not the weaker effects of context-specific automatic retrieval.
Viewed through this lens, it can be seen that indirect tests in
studies that permitted test-aware participants to use recollection
have tended to show effects, whereas studies with tests that re-
stricted recollection have not shown context-specific effects.

For example, one of the first studies of context-dependent au-
tomatic retrieval was reported by Jacoby (1983, Experiment 3),
who examined perceptual identification as a function of the envi-
ronmental context. This test involved trials in which a word was
presented on a computer screen for 35 ms, followed by a mask (a
row of ampersands where the word had been); participants tried to
name the words, some of which had been read earlier in the
experiment (participants were not informed that some of the test
words had been seen earlier in the experiment). Although no
memory task may be completely process pure, recollection appears
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to have little effect on the level of priming in a perceptual identi-
fication task (e.g., Jacoby & Dallas, 1981). The environmental
context manipulation that Jacoby used involved two different
global contexts; one was in a particular room with a particular
experimenter, computer, list format, study order, and test order,
whereas the other context consisted of a different room with a
different experimenter, computer, list format, study order, and test
order. Jacoby found no significant effects of environmental context
reinstatement on perceptual identification, a task that permits very
little recollection. Consistent with this reported noneffect were the
results of Mori and Graf (1996), who also failed to find environ-
mental context-dependent perceptual identification. Thus, an indi-
rect test that involves primarily automatic retrieval, and that
greatly restricts recollection, repeatedly failed to show context-
specific effects as a function of weak context manipulations.

In contrast to these negative findings, several studies in which
explicit contamination was quite possible have reported positive
effects of environmental context manipulations on indirect mem-
ory measures. Room manipulations have been reported to affect
word fragment completion (Vela, 1989), homophone spelling (Smith,
Heath, & Vela, 1990), category production (W. Graf, 1988; Parker,
Gellatly, & Waterman, 1999), naming words from their definitions
(Vela, 1989), answering general knowledge questions (Parker et al.,
1999), and anagram solution (Garberg & Radtke, 1986). In addition,
manipulations of ambient odors have been used to show context
reinstatement effects on word-stem completion (Schab, 1990) and
word-fragment completion (Ball, Shoker, & Miles, 2010). In every
one of these studies, however, the pacing of the indirect tests was slow
enough to allow time for test-aware participants to use recollection to
influence their responses. Thus, effects of “weak” manipulations of
context, such as room changes and odor manipulations, are observable
only when explicit contamination allows context-dependent recollec-
tion.

Consistent with this idea, Mulligan (2011), using rooms as
environmental contexts, found context-dependent memory effects
using an indirect memory measure: category production. After the
category production test, participants in Mulligan’s study were
given a test awareness questionnaire to determine which partici-
pants were aware of the relation between the initially studied pairs
of words and the category production test. The posttest question-
naire was based on similar ones used by Mulligan, Guyer, and
Beland (1999) and Barnhardt and Geraci (2008), and has been used
to assess explicit contamination in implicit memory tests, asking
questions such as “What do you think was the purpose of the task
you just completed?” Participants taking an implicit memory test
who are aware of the relationship between the studied words and
items on the subsequent test may engage in intentional recollec-
tion, contaminating the test results, making it less a test of auto-
matic or implicit retrieval. Based on test awareness classifications,
Mulligan (2011) found a context reinstatement effect for partici-
pants identified as test aware, but there was no effect for unaware
participants. This result and conclusion suggest that prior positive
findings of environmental context reinstatement effects with indi-
rect memory measures (e.g., Ball et al., 2010; W. Graf, 1988;
Parker et al., 1999; Schab, 1990; Smith et al., 1990; Vela, 1989),
in which weak context manipulations were used, were observed
only because of explicit contamination (i.e., recollection), rather
than implicit or automatic retrieval.

Published research studies of context-dependent memory effects
on automatic retrieval have used weak context manipulations, such
as room manipulations, that are powerful enough to evoke modest
reinstatement effects due to recollection but too weak to reveal
even weaker effects of context on automatic retrieval. Stronger
context manipulations might reveal such weaker effects. A stron-
ger manipulation of context would include a nonoverloaded con-
text cue; making the cue strength greater; a rich (rather than
simple) context, which might provide more opportunities for con-
textual associations; and an intentional encoding of contextual
associations (even though context cues are incidental at test).

The Present Experiments

In the present experiments, we hypothesized that our video context
manipulations would affect measures of automatic retrieval, despite
previous failures to find effects on indirect memory measures (e.g.,
Jacoby, 1983; McKone & French, 2001; Mori & Graf, 1996; Parker
et al., 1999; Parker, Waterman, & Gellatly, 2000), because our meth-
ods are known to produce far stronger environmental context-
dependent memory effects (e.g., Smith & Handy, 2014; Smith,
Handy, Angello, & Manzano, 2014; Smith & Manzano, 2010) than
more traditional global manipulations of incidental contexts (see
Smith & Vela, 2001). We also predicted that the effect size of our
context manipulations would be stronger when recollection was a
possible or likely contaminant of performance, and weaker, but still
detectable, when effects of recollective contamination are minimized.
This prediction was based on previous findings that reinstatement of
“weak” context manipulations (e.g., incidental room contexts) bene-
fitted performance on indirect memory measures only in studies
whose procedures may have permitted explicit contamination on the
test.

Of his failure to find environmental context-dependent percep-
tual identification, Jacoby (1983) speculated, “Perhaps more ex-
treme manipulations of environmental context would be sufficient
to produce effects on both perceptual identification and recogni-
tion memory” (p. 29). We now have a highly robust method for
examining the effects of incidental environmental context on mem-
ory, based on studies that have used videotaped clips of environments
as discrete environmental contexts (e.g., Jonker, Seli, & MacLeod,
2013; Smith et al., 2014; Smith & Handy, 2014; Smith & Manzano,
2010; Staudigl & Hanslmayr, 2013). Whereas the average effect size
for context-dependent memory studies that manipulated rooms or
other physical environments is small (Cohen’s d � .28), the effect
sizes of studies that used video clips of environments are quite large;
Smith et al. (2014) reported effect sizes greater than d � 1.0, and
Smith and Manzano (2010) reported effect sizes greater than d � 2.0.

To obtain the most robust context reinstatement effects possible,
we were guided in the present study by three principles: (1) use
visually rich environmental contexts, (2) use the smallest possible
context-to-item fan size, and (3) ensure that target items and
contextual stimuli are intentionally associated at study. The first of
these principles was taken from studies of context-dependent rec-
ognition by Murnane and colleagues (Murnane & Phelps, 1993,
1994, 1995; Murnane et al., 1999). Across these four sets of
experiments, Murnane et al. manipulated visually simple screen
contexts (typically, unique combinations of screen location, fore-
ground color, and background color) in 10 of the experiments, and
found that context reinstatement caused no enhancement of mem-
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ory in terms of discriminating studied items from unstudied ones in
any of those experiments. One experiment, however, used what
Murnane et al. (1999) called “rich visual contexts,” operationally
defined as unique line drawings of places, such as a living room or
the side of a road; that experiment found that reinstatement im-
proved recognition memory performance. Thus, these studies in-
dicate that effective contextual stimuli are meaningful and visually
rich places. The video contexts used in the present study were quite
rich in the sense that each was an identifiable type of environment
(such as a restaurant, a soccer field, traffic on a bridge, or a living
room), and each involved sounds and movement in addition to
many visual details. The second guiding principle in the design of
our experiments was to use a small context-to-item fan. Smith and
Manzano (2010) showed clearly that the more memory targets that
are associated with a given context (i.e., the greater the fan size),
the weaker the effect of reinstating a context cue at test. The
strongest reinstatement effect in that study used a 1:1 ratio of video
contexts to target items, a typical procedure in recent studies (e.g.,
Burgess, Hockley, & Hourihan, 2017; Hayes et al., 2007; Hockley,
2008; Jonker et al., 2013; Shahabuddin & Smith, 2016; Smith et
al., 2014; Smith & Handy, 2014; Smith & Manzano, 2010; Stau-
digl, & Hanslmayr, 2013), and a procedure that we have used in the
present study. Our third guiding principle was to instruct participants
to associate target items with their accompanying contexts at study;
such an instruction has been shown to yield robust context reinstate-
ment effects (e.g., Burgess et al., 2017; Eich, 1985; Hockley, 2008).
Although attention is directed toward the context stimuli at encoding
with this method, participants are never told to remember the contexts
either as cues or as targets, nor are the video context stimuli necessary
for performing on the test trials (i.e., anagram solving and word
fragment completion); these are criteria involved in defining contexts
and in distinguishing contexts from test stimuli (Silberg & Vakil,
2017).

In addition to our attention to methods for observing robust
context reinstatement effects, we incorporated procedures into our
experiments to reduce explicit contamination on our anagram solving
and word fragment completion tests. First, to reduce test awareness,
we took several precautions to “camouflage” the relation between the
encoded target words, and their accompanying video contexts, with
the final test. These camouflaging precautions included the use of
three “filler” tasks, in addition to the word encoding task, prior to the
final anagram or fragment completion test. Each of the filler tasks,
like the encoding task, involved stimuli superimposed over noncritical
video contexts. In addition to filler tasks, we also used a number of
filler stimuli on various tasks, again, to disguise the nature of our
indirect memory measures. Never, during the experiment, were par-
ticipants told to memorize the target words or contexts, nor were they
ever told that there would be a subsequent memory test. The critical
target items at test were mixed in with a large number of “filler” items,
that is, items that did not correspond to any previously viewed target
words. In addition to our camouflaging precautions, we used a post-
test awareness procedure, which allowed us to examine effects sep-
arately for aware and unaware participants (Barnhardt & Geraci,
2008; Bowers & Schacter, 1990; Mulligan, 2011). This procedure
was used in both of our reported experiments. Finally, in Experiment
2, we used a very-fast-paced word fragment completion test, 1.5 s per
test fragment, to prevent or curtail the use of conscious recollection of
target words (see Weldon, 1993).

To summarize, we predicted that context reinstatement, relative
to nonreinstatement, at test would enhance performance on ana-
gram solving (Experiment 1) and word fragment completion (Ex-
periment 2) tests, and that the effect would be observed for
participants in the test-aware and test-unaware conditions.

Experiment 1

In Experiment 1, an anagram test served as an indirect measure
of memory for words incidentally encoded in association with
context videos. It was predicted that context reinstatement at test,
relative to testing in a new context, would yield greater rates of
anagram completion, and that the effect would occur for both
test-aware and test-unaware participants.

Method

Participants. Based on an a priori power analysis, to detect a
medium sized effect (Cohen’s d � .5) with an error probability of
.05 and statistical power of .8, our planned comparisons required
approximately 34 participants for each condition of each experi-
ment. The only between-subjects variable we used in Experiment
1 was test awareness, a subject-determined factor. Based on prior
research that showed approximately equal numbers of participants
in the aware and unaware conditions (Mulligan, 2011), we there-
fore engaged a total of 60 Texas A&M University undergraduate
students, who self-enrolled for participation in Experiment 1 in
exchange for course credit. Enrollment was voluntary, using an
online signup system to enroll as many as 15 participants per
session, and all participants were briefed on other options for
earning equal credit. Each experimental session consisted of a
maximum of 15 self-enrolled participants, and counterbalancing
assignment was determined randomly for each session. All partic-
ipants in a given session were in the same counterbalancing
condition. For participants in Counterbalancing 1, 10 were classi-
fied as test aware and nine were unaware; for Counterbalancing 2,
13 were aware and eight were unaware; and for Counterbalancing
3, 12 were aware and eight were unaware.

Design. Test condition was manipulated within subjects; at
test, one third of the anagrams were unprimed, one third were
primed and tested with reinstated contexts, and one third were
primed and tested with nonreinstated contexts. Nonreinstated con-
texts were filler video clips seen on the encoding task but that were
not previously shown with solutions of critical anagrams.

The items used in each of these three test conditions were
counterbalanced between-subjects. One third (n � 5) of the 15
critical words in each counterbalancing condition were in the
unprimed condition, one third were in the primed-reinstated con-
dition, and one third were in the primed-non-reinstated condition.
For the counterbalancings, each of the 15 critical items (i.e., each
critical word paired with an encoding video context) was randomly
assigned to Set A, Set B, or Set C. In one counterbalancing
condition, Set A items were in the unprimed condition, Set B items
were in the primed-reinstated condition, and Set C items were in
the primed-non-reinstated condition. In the second counterbalanc-
ing, Set A items were primed-non-reinstated, Set B items were
unprimed, and Set C items were primed-reinstated. In the third
counterbalancing, Set A items were primed-reinstated, Set B items
were primed-non-reinstated, and Set C items were unprimed. Thus,
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items were counterbalanced such that each critical item was in
each of the three test conditions.1 One of the three counterbalanc-
ing conditions was randomly assigned to each scheduled experi-
mental session before the scheduled sessions were posted on the
online enrollment system; because different sessions had different
numbers of participants, counterbalancing was not completely
even in terms the numbers of participants in each group.

Assignment to the two test awareness conditions (aware, un-
aware; a between-subjects variable) was based on participants’
answers on a posttest questionnaire. Participants who gave re-
sponses that in any way linked the presented words with the
subsequent anagram test were coded as “aware,” and those that did
not were coded as “unaware.” The percentage of correctly solved
anagrams for each of the context groups was the dependent vari-
able.

Materials. Fifteen critical items (i.e., solution words for ana-
grams) were selected from the MRC Psycholinguistic Database.
All words were five to six letters in length, all were common
nouns, and none were proper names. Letters of critical solution
words were scrambled to form the 15 critical anagrams. An addi-
tional 51 words were selected with the same criteria and were used
as fillers, in addition to the 15 critical items, on the final anagram
test.

Altogether, 65 different 5-s video clips of various environments
were used in Experiment 1. Video contexts consisted of 5-s movie
clips showing familiar activities in familiar types of places (e.g., a
crowd on a campus, a kitchen, cars driving on a highway, diners
eating at a restaurant, an outdoor softball game, or people walking
in a park). Each video was in color and included movement and
sound. Of the 65 video clips, 15 were used for critical items on the
anagram test; in pairing critical words with video contexts, we
avoided any obvious relationships between the words and the corre-
sponding videos. The rest were used for filler tasks and as filler items
on the critical encoding and anagram solving tasks.

The 16 word–video pairs in the encoding task were shown in a
single randomized order for all participants. Five of the critical
items were unprimed and did not appear on this encoding task. The
video clips associated with five of the filler words on the encoding
task were used on the final anagram test as contexts for primed-
non-reinstated context items, and five more (new) filler videos
were used as test contexts for anagram solutions that had been
unprimed. Thus, primed-reinstated and primed-non-reinstated video
contexts were all familiar when they were seen subsequently on the
anagram test.

The same set of 25 filler video clips (in randomized orders) was
used as backgrounds in all three filler tasks. These filler videos
were used with filler anagrams on the anagram solving task.

Procedure. The experiment included six tasks (see Figure 1)
for which participants wrote their answers on paper. These in-
cluded an initial filler task (pleasantness ratings of filler video
clips), then the incidental encoding task, followed by two more
filler tasks, followed by the anagram solving task and, finally,
posttest awareness questions. The general procedure is outlined in
Figure 1. For each session of the experiment, participants were
seated together at a large table with the others in the self-enrolled
session. Paper response forms were passed out before each task
and collected before the subsequent task. Stimuli and instructions
were projected on a screen at the front of the room. An experi-

menter read the instructions aloud to the participants and answered
questions before each task.

Pleasantness ratings of videos (first filler task). The first
filler task was a pleasantness rating task for which participants
rated, on a scale of 1 to 10, how pleasant each of 25 filler video
clips made them feel. This filler task consisted of 25 5-s trials.

Encoding task. The incidental encoding task, in which ana-
gram solution words were shown with background video contexts,
was the next task. Participants rated, on paper, how related they
thought each 5-s context video clip was to the word superimposed
over the center of the video. The following instructions were read
to participants for the encoding task:

In this task you will see a series of words on the screen; the words will
appear one at a time. Each word will be superimposed over a different
background video clip. For each word that appears, you should read
the word and rate how well the word relates to the background video.
Your ratings will be based on a 1–10 scale. Give a rating of 1 if the
word and background video are not related. Give a rating of 10 if the
word and background video are extremely related. Give intermediate
ratings to words in between the 2 extremes. Each word will appear on
the screen for 5-seconds while you think of your association rating.
You will then get a few more seconds to write down your rating,
before the next word appears. Use any strategy you like for your
ratings. Try to work quickly to keep pace with the words on the
screen, which will change every 5-seconds.2

A total of 16 5-s trials were given for this task. Each video
context was 5 s in duration; 0.5 s after the onset of each video, a
word appeared, superimposed and centered on-screen for the re-
mainder of the video’s duration. After each word–video pair, a 5-s
blank screen signaled the onset of the next word–video pair.

Digit span task (second filler task). The digit span task con-
sisted of 25 5-s trials. Each trial consisted of a string of 10 digits
superimposed over a filler background video. Participants recalled

1 Performance in a preliminary experiment, with a procedure and results
very similar to those reported for Experiment 1, provided solution rates for
items. These rates showed that the counterbalancing sets of items for
Experiment 1 were, on the average, about equally difficult.

2 The mean ratings of the critical word–context pairs ranged from 2.1 to
7.6 (on a 10-point scale), with a mean of 4.7, indicating that the words and
their contexts were not seen as strongly related.

Figure 1. General procedure for Experiments 1 and 2, in which partici-
pants completed an encoding task, a critical test, and posttest questions.
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as many of the digits as they could during a 2-s break in between
trials.

Multiplication task (third filler task). The multiplication filler
task consisted of 25 5-s trials. On each trial, participants solved a
math problem (a 3-digit number � 1-digit number) that was
superimposed over a filler video clip.

Anagram solving task. A total of 60 anagrams were presented
with videos in the same format as the encoding task. Each anagram
was shown 0.5 s after the beginning of a 5-s video, centered
on-screen, and with a 1-s blank screen in between anagram–video
pairs. Of the 60 trials in the anagram task, 15 were critical
anagrams and 45 were filler anagrams (i.e., anagrams correspond-
ing to words that were never primed or scored in the analyses). The
first 10 items on the anagram task were filler anagrams, and the
remaining 50 were organized into five randomized blocks of 10
anagrams each. Each of the five blocks contained a critical item
from each of the test conditions (primed-reinstated context, primed-
non-reinstated context, unprimed) and seven items of the block were
filler anagrams. The solutions to 10 of the 15 critical items had been
primed during the encoding task. Five critical anagrams were paired
with the same background video as their primed answer in the
encoding task (primed-reinstated context condition). Another five
critical anagrams were paired at test with different videos: filler videos
from noncritical trials of the encoding task (primed-non-reinstated
context condition). Five critical anagrams that had never been primed
were paired with new videos, clips not used during the encoding task
(unprimed condition).

Posttest awareness questions. After all anagrams had been
shown, participants were asked, “What did you think was the purpose
of the anagram task?” to measure their awareness of the link between
words on the encoding task and solutions of some items on the
anagram task. Those indicating any connection between the encoded
words and the anagrams were coded as “aware,” and those who did
not were coded as “unaware.” To assess whether aware participants
intentionally tried to recollect words from the encoding task, partici-
pants were also asked, “If you noticed that some of the anagram
solutions corresponded to the words presented earlier, did you inten-
tionally try to use words from the earlier part of the experiment as
anagram solutions?”

Results

A 3 � 2 mixed analysis of variance (ANOVA) was computed
(because initial analyses indicated that there was no main effect of
counterbalancing or interactions with that variable, the results
reported for Experiment 1 were collapsed across the three coun-
terbalancing conditions), test condition (unprimed, primed-reinstated
context, primed-non-reinstated context) was a within-subjects vari-
able, and test awareness (aware, unaware, based on the test awareness
question) was a between-subjects variable. Of the 60 participants in
Experiment 1, 35 were coded as test aware and 25 were coded as
unaware (71% of the aware participants claimed that they intention-
ally tried to recall encoded words). The proportion of anagrams solved
was the dependent measure.

There was a significant main effect of test condition, F(2, 116) �
42.08, p � .001, MSE � 2.39, �p

2 � .45; participants in the primed-
reinstated context condition solved the most anagrams, the primed-
non-reinstated context condition solved the next most anagrams, and
the unprimed condition solved the fewest anagrams (see Figure 2).

Pairwise comparisons, using a Bonferroni correction, compared ana-
gram solution rates among all three conditions—unprimed, primed-
non-reinstated, and primed-reinstated. The difference between the
primed-reinstated context and unprimed conditions was significant
(p � .001), as was the difference between the primed-reinstated and
primed-non-reinstated context conditions (p � .001). The difference
between the unprimed and primed-non-reinstated context conditions,
however, was only marginally significant (p � .063).

The main effect of test awareness was not significant, F(1,
58) � 1.0, but the Test Awareness � Test Condition interaction
was significant,3 F(2, 116) � 3.18, p � .045, MSE � .18, �p

2 �
.06; greater effects of test condition appeared to occur for the
aware participants compared with the unaware ones (see Figure 3).

Planned comparisons were calculated to compare the primed-
reinstated context condition with the primed-non-reinstated con-
text condition (i.e., the context reinstatement effect) for aware
participants, and again for unaware participants (see Figure 2),
using the proportion of anagrams solved as the dependent variable.
For the aware participants, there was a significant effect of rein-
statement, t(34) � 7.01, p � .001, Cohen’s d � 1.60. For unaware
participants, the effect of reinstatement was also significant,
t(24) � 2.92, p � .008, Cohen’s d � 0.66; for both test-aware and
test-unaware participants, more anagrams were solved for items in
the primed-reinstated context conditions than for those in the
primed-non-reinstated context condition.

Discussion

Context reinstatement effects were significant for both test-
aware and test-unaware participants in Experiment 1. Experiment
1 provided evidence that automatic retrieval is context dependent.
It is noteworthy that the context reinstatement effect for aware
participants in Experiment 1 was far greater than the reinstatement
effect for unaware participants. This pattern could indicate that
context reinstatement has a smaller effect on automatic retrieval
than it has for conscious recollection.

Experiment 2

There were three goals of Experiment 2. One goal was to see if
the significant effect of context reinstatement for unaware partic-
ipants, observed in Experiment 1, would be replicated. The second
goal was to see if the context reinstatement effect for unaware
participants would generalize to a different indirect test of mem-
ory: word fragment completion (e.g., P. Graf & Schacter, 1985;
Weldon, 1993). The third goal of Experiment 2 was to use a
procedure that would limit participants’ ability to use recollection
on the final test. In Experiment 1, many measures were taken to
conceal the link between words on the encoding task and solutions
on the final anagram test, including the use of many filler (i.e.,

3 To better compare effects for participants relying on automatic re-
trieval with those relying on recollection, this interaction was computed
again, comparing the unaware participants with aware participants who
intentionally attempted to recollect the primed words, dropping the 10
participants who were classified as aware but not intentional. Despite the
reduced power due to the smaller n in this analysis, the interaction was
nonetheless significant, F(2, 96) � 3.83, p � .025, MSE � .21, �p

2 � .07;
greater effects of test condition occurred for the aware/intentional partic-
ipants than for unaware participants.
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noncritical) tasks, the inclusion of filler items on the encoding list,
the use of many filler anagrams with a small number of critical
items mixed in on the anagram test, and the use of many famil-
iarized context videos on the primed-non-reinstated context con-
ditions. In Experiment 2, in addition to all of these “camouflaging”
measures, we also used rapid presentation and responding on the
critical test. This speeded test should have been rapid enough to
curtail recollection, even for test-aware participants. Weldon (1993),
for example, primed the solutions of visually tested word fragments
either with visually presented words, aurally presented words, or line
drawings of word referents. When test fragments were pre-
sented slowly (i.e., 5 s or 12 s each, giving participants the
opportunity to initiate conscious recollection), priming effects
were observed for all three types of primes. When word frag-
ments were shown rapidly (i.e., 0.5 s or 1 s each, speeds that
may be too fast for recollection); however, only visually primed
words led to a priming effect. The fast, automatic, perceptually
driven retrieval process was primed by transfer-appropriate
encoding and could be seen on a fast-paced word fragment
completion test. Contamination of the fragment completion
measure with slower, conscious recollection was possible at
slower testing rates. In Experiment 2, therefore, a rapid rate of
testing was used on the word fragment completion test in order
to curtail the use of conscious recollection on the test. Whereas
participants were given 5 s per trial to solve and write the
answers to anagrams in Experiment 1, they were given only 1.5
s per trial, with responses to word fragments spoken aloud, in
Experiment 2.

Method

Participants. As we noted in Experiment 1, our a priori power
analysis indicated that we would need about 34 participants for
each condition. A total of 72 Texas A&M University undergrad-
uate students signed up for participation in Experiment 2 in ex-
change for course credit. Enrollment was voluntary and all partic-
ipants were given other options for earning credit. Each experimental
session consisted of one self-enrolled participant. Counterbalancing
assignments were determined randomly. There were 24 participants in
each of the three counterbalancing conditions. For participants in
Counterbalancing 1, 13 were classified as test aware and 11 were
unaware; for Counterbalancing 2, 12 were aware and 12 were un-
aware; and for Counterbalancing 3, 11 were aware and 13 were
unaware. None of the participants in Experiment 2 had participated in
Experiment 1.

Design. As in Experiment 1, test condition was a within-subjects
variable (primed-reinstated context, primed-non-reinstated context,
and unprimed), and test awareness (aware and unaware) and coun-
terbalancing were between-subjects variables. Test awareness was
determined as described in Experiment 1, and the critical items were
counterbalanced across the test conditions by using three counterbal-
ancing groups, as described in Experiment 1. The proportion of
correctly solved word fragments for each of the context conditions
was the dependent variable.

Materials. The background video clips were the same as those
described in Experiment 1. None of the words used in Experiment 1
were used in Experiment 2. The word fragment solutions shown with

Figure 2. Proportion of anagrams solved as a function of test condition and test awareness in Experiment 1.
Error bars show standard errors of means.
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video contexts on the encoding task in Experiment 2 were drawn from
the MRC Psycholinguistic Database from a set of words that were
seven to eight letters in length, selecting 18 words with that word
length, with six word fragments per condition. On the fragment
completion test, word fragments were presented with two to three
underscores (e.g., “L _ U G _ E _”) to indicate missing letters (the
solution is “LAUGHED”).

The same filler task materials for the digit span test, described
for Experiment 1, were also used in Experiment 2. The same
questions used for the posttest awareness task in Experiment 1
were again used in Experiment 2.

Procedure. Experiment 2 involved four tasks, rather than the six
tasks used in Experiment 1; two of the filler tasks from Experiment 1
were dropped from the procedure. Participants in Experiment 2 were
given an encoding task, then a digit span task, then the critical word
fragment completion task, and, finally, the posttest awareness ques-
tions. The encoding and digit span tasks were done in the same way
as described for Experiment 1, except that participants had to speak
their answers aloud to the experimenter instead of writing them.
Participants were seated in front of a computer monitor, on which all
stimuli were presented.

Encoding task. Forty-eight word–video pairs were presented
during the encoding task, including 12 critical words serving as
primes for the word fragment completion task. The remaining 36
words and their accompanying video contexts on the encoding task
were fillers.

Digit span task. The digit span task consisted of 25 trials, as
described for Experiment 1.

Word fragment completion task. The word fragment comple-
tion task was comprised of 70 word fragments, each superimposed
and centered over a background video context. On the word
fragment completion task, videos were displayed for 2 s, with their
corresponding word fragments appearing 0.5 s after the onset of
the accompanying video. There were no buffers or blank screens
between word-fragment/video test stimuli, so participants gave
their speeded responses aloud, which were recorded by the exper-
imenter.4 Eighteen of the word fragments were critical test items
and the rest were fillers. The solutions to 12 of the 18 critical
fragments had been primed in the first task and six were unprimed.
Six word fragments of the 12 primed items were shown at test with
their corresponding encoding video contexts (the primed-reinstated
context items). Another six word fragments were tested with video
contexts originally seen with filler words; these contexts were famil-
iar, but they were not the encoding contexts of the critical word
fragment solutions (primed nonreinstated context). Six critical word
fragments whose solutions had never been presented (unprimed) were
paired with filler video contexts at test. Item order on the word
fragment completion test was blocked randomized, as described for
Experiment 1.

Posttest awareness questions. After the word fragment com-
pletion test, participants answered the same questions described for
Experiment 1 to assess awareness of the study’s purpose.

4 We did not observe any responses that exceeded the deadline.

Figure 3. Proportion of word fragments completed as a function of test condition and test awareness in
Experiment 2. Error bars show standard errors of means.
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Results

A 3 � 2 mixed ANOVA was computed (the results reported for
Experiment 2 were collapsed across the three counterbalancing
conditions), with test condition (unprimed, primed-reinstated con-
text, primed-non-reinstated context) as a within-subjects variable,
and test awareness (aware, unaware) as a between-subjects vari-
able.5 The proportion of word fragments solved was the dependent
variable. The coding of test awareness was the same as in Exper-
iment 1. There was a significant main effect of test condition, F(2,
140) � 44.99, p � �.001, MSE � .05, �p

2 � .39; the primed-
reinstated condition had the highest proportion of completed ana-
grams, the primed-non-reinstated context condition had the next
highest mean completion rate, and the unprimed condition had the
lowest fragment completion rate (see Figure 3). Pairwise compar-
isons, using a Bonferroni correction, compared anagram solution
rates among all three conditions—unprimed, primed-non-reinstated,
and primed-reinstated. Both the primed-reinstated and primed-non-
reinstated context conditions had significantly greater rates of frag-
ment completion than the unprimed condition (p � .01). The differ-
ence between the primed-reinstated and primed-non-reinstated
context conditions was also significant (p � .01).

Of the 72 participants in Experiment 2, 36 were coded as test aware
and 36 were coded as unaware (89% of the aware participants claimed
that they intentionally tried to recall encoded words). The effect of test
awareness was not significant (F � 1), nor was the interaction of test
condition with test awareness (F � 1).

Planned comparisons were calculated to compare the primed-
reinstated context condition with the primed-non-reinstated con-
text condition (i.e., the context reinstatement effect) for aware
participants, and again for unaware participants, using the propor-
tion of word fragments completed as the dependent variable. For
the aware participants, the proportion of completed word frag-
ments in the primed-reinstated context condition was numerically
higher than in the primed-non-reinstated context condition, t(35) �
1.99, p � .054, Cohen’s d � .41. For unaware participants, the
effect of reinstatement was significant, t(35) � 2.06, p � .047,
Cohen’s d � .49; for test-unaware participants, more word frag-
ments were completed for items in the primed-reinstated context
conditions than for those in the primed-non-reinstated context
condition (see Figure 3).

Discussion

The results of Experiment 2 replicate and extend the results of
the first experiment, strengthening the case in support of the
conclusion that automatic retrieval is context dependent. In Exper-
iment 2, there were significant priming and context reinstatement
effects across all subjects. More importantly, the reinstatement
effect was significant for unaware participants, an indication that
automatic retrieval is context dependent.

Interestingly, the context reinstatement effect was only margin-
ally significant for participants coded as aware, a result at odds
with the results of Experiment 1. Test awareness may be taken as
an indication of explicit contamination or the use of conscious
recollection at test. The reinstatement effect size of the aware
participants in Experiment 1 was larger than the effect of unaware
participants in that experiment, suggesting the use of contextually
cued recollection by aware participants in that experiment. The
reinstatement effect for aware participants in Experiment 2, how-

ever, was no greater than the reinstatement effect seen in unaware
participants, consistent with the idea that the rapid paced test in
Experiment 2 reduced the use of recollection on the word fragment
completion test. Even though most of the test-aware participants
claimed that they intentionally tried to use recollection, our results
indicate that such attempts to recollect primed items were unsuc-
cessful due to time constraints. It is also possible that the self-report
method we used for determining test awareness was a less-than-
perfect means of assessing the use of recollection in Experiment 2,
possibly as a result of experiment demand characteristics, or the
suggestive nature of the self-report questions, as we discuss in the
General Discussion.

General Discussion

Whether or not the automatic influences of memory are context
specific is an issue that is important not only for theoretical reasons
but also for wide-ranging practical concerns. The experience of
vivid memories popping involuntarily into mind at reunions is
quite common. Contextually triggered episodic memories may also
explain why jargon terms come easily to mind when one is in the
appropriate setting for work, recreation, or religious worship. The
“home-court advantage,” that is, better performance by the sports
team when they compete where they practice, may also be ex-
plained by the notion of context-specific automatic influences of
memory. Memories that may burst automatically into mind at the
scene of a crime or of a traumatic experience are likewise ex-
plained by context specificity of automatic retrieval.

Our two experiments provide evidence that automatic retrieval
is reliably influenced by test context conditions. Both of the
present experiments found that reinstating at the time of an indirect
memory test the encoding context of a word, relative to testing
with a nonreinstated context, significantly increased performance.
Both priming conditions (i.e., primed-reinstated context and
primed-non-reinstated context conditions) showed better perfor-
mance than a baseline (unprimed) condition. Most importantly,
even when additional measures were taken to limit the influence of
explicit contamination on the critical test, environmental context
reinstatement effects were still observed. One of our additional
measures was a test awareness question used to classify partici-
pants as test aware or test unaware. The effect of context reinstate-
ment was significant for test-unaware participants in Experiment 1.
A context reinstatement effect was again observed, for both aware
and unaware participants, in Experiment 2, in which word frag-
ments were tested at a very fast pace, 1.5 s per test fragment; the
fast pace was implemented to further curtail the use of explicit
recollection during the fragment completion test. Taken together,
our results support Jacoby’s (1983) conjecture that automatic
retrieval is influenced by reinstatement of episodic contexts. As
such, our experiments can be seen as demonstrations of the rapid
automatic retrieval process that can precede recollection in the
course of involuntary recollection of episodic and autobiographical

5 A preliminary analysis that included counterbalancing as a between-
subjects variable found no effect of counterbalancing, but an interaction of
counterbalancing with test condition, indicating that the three counterbal-
ancing conditions differed in terms of the magnitude of the context-
dependent priming effects. It is not possible for us to sensibly interpret this
interaction, which could be due to particular words, contexts, or test
positions of items in the different counterbalancing conditions.
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memories (e.g., Berntsen, 1996; Berntsen & Hall, 2004; Schlag-
man & Kvavilashvili, 2008), suggesting that some involuntary
memories may be triggered by contextual cuing. Automatic trig-
gering of involuntary recollection, in fact, fits the profile of our
participants who, on the test awareness report, indicated that, on
the final test, they were aware of memories of primed words but
that they did not intentionally try to remember the contextually
associated primed words. Another theoretical conjecture that is
consistent with our findings is the assumption of the ”retrieving
effectively from memory–implicit” theory (Schooler, Shiffrin, &
Raaijmakers, 2001), which states that implicit memory facilitation is
due to the match between the original encoding context and the test
context. Other models, such as the counter model of implicit memory
(Ratcliff & McKoon, 1997), would have to be amended to be con-
sistent with the implicit memory facilitation found in the present
study.

As in many studies that wish to distinguish automatic from
controlled memory processes, there is the concern in our experi-
ments that explicit recollection could contaminate our measures of
automatic retrieval (i.e., anagram solving and word fragment com-
pletion). One way that we addressed this concern was with the use
of a test awareness questionnaire. Our posttest awareness data
confirmed that, despite our careful measures to conceal the pur-
pose of the indirect memory test, a large proportion of participants
were test aware, including 58% of the participants in Experiment
1 and 50% of the participants in Experiment 2. These proportions
are similar to those reported by Mulligan (2011); 50% of the
participants in his category production task were classified as test
aware, based on his posttest awareness questionnaire. A high
proportion of the test-aware participants in the present experi-
ments, over 80%, on average, claimed that they had intentionally
tried to remember encoded words on the final test.

In Experiment 1 of the present study, anagrams were tested at a
rate of 4.5 s per anagram, a duration long enough for conscious
recollection to explicitly contaminate anagram completion rates. If
test-aware participants used recollection to solve anagrams in
those two experiments, and if recollection, relative to automatic
retrieval, is more strongly affected by context dependence, then
test-aware participants should show a greater context reinstatement
effect than test-unaware participants. That is exactly what we
observed in Experiment 1, that is, a greater context reinstatement
effect size (more than twice as large, as measured by Cohen’s d)
for aware participants than for unaware participants (see Table 1).
If reinstatement has a weaker effect on automatic retrieval of a
single event than its effect on recollection of that event, that could
explain why less robust manipulations of environmental context,
including those that used large context-to-target fans, simple con-
texts, and/or incidental context-to-target encoding, have failed to
clearly demonstrate the effect in the past (e.g., Jacoby, 1983;

McKone & French, 2001; Mori & Graf, 1996; Parker et al., 1999,
2000).

In Experiment 2, unlike Experiment 1, test trials were presented
at a rapid pace, 1.5 s per word fragment. Prior research (e.g.,
Weldon, 1993) indicates that such a fast pace allows the occur-
rence of automatic retrieval of previously encoded items, but that
it is too fast for the effects of recollection to have as great an
impact on performance as is seen with slower (e.g., 5 s or 12 s per
item) presentation rates. Although test awareness was observed in
half of the participants, and most of those participants claimed to
have used intentional retrieval of encoded words, there was no
interaction of test awareness with context reinstatement, as had
been observed in Experiment 1. In Experiment 2, context rein-
statement of primed items increased word fragment completion
rates as much for test-unaware participants as for test-aware ones
(see Table 1). These results indicate that our fast-paced test helped
curtail the use of recollection on the fragment completion test to
the point that reinstatement-enhanced recollection was not ob-
served in Experiment 2. This finding, that the reinstatement effect
with the fast-paced fragment completion test was the same for
aware and unaware participants, suggests that all participants showed
context-dependent automatic retrieval, and that neither aware nor
unaware participants were affected by context-dependent recollection,
given the time constraints of the task. These results further support our
conclusion that that automatic retrieval is context dependent.

We attribute our findings of context-dependent automatic re-
trieval, in large part, to our use of robust methods for observing
episodic-based context-dependent memory. These methods in-
clude the use rich environmental contexts—in our case, video clips
of familiar types of places, complete with movement and sound
(Smith et al., 2014; Smith & Manzano, 2010), rather than simpler
contexts, such as colors or positions on a computer screen. Our
methods also used a small context fan, with one video context per
item; this arrangement has been shown to yield larger context
reinstatement effect sizes (Smith & Manzano, 2010). In the present
experiments, although our encoding task used incidental, rather
than intentional, learning instructions, we arranged for participants
to directly associate target words with context cues at encoding
(video contexts at test were incidental, not mentioned in the instruc-
tions, and not necessary for performing the task). Such direct encod-
ing of items to contexts has been found to increase both associative
context reinstatement effects (e.g., P. Graf & Schacter, 1989) and
environmental context reinstatement effects (e.g., Hockley, 2008).
Finally, on each test trial, the background video context was first
shown alone on the screen for 0.5 s before the test stimulus (an
anagram or a word fragment) was shown superimposed over the
video. This procedure allowed time for each test context to become
actively instantiated, a process that requires some time (e.g., Burgess
et al., 2017; Malmberg & Shiffrin, 2005) and that has been imple-
mented in other studies of context-dependent memory (e.g., Jonker et
al., 2013; Smith et al., 2014; Smith & Handy, 2014).

Although we have focused on the context dependence of auto-
matic retrieval, another automatic memory process is familiarity
(e.g., Jacoby, 1991). Recognition decisions can be based on a
combination of conscious recollection and judgments of familiar-
ity, judgments described as “relatively automatic in that they are
generally said to be faster, less effortful, and less reliant on
intention” (Jacoby, 1991, p. 516). There have been several pub-
lished findings of context-dependent familiarity (e.g., Hockley,

Table 1
Cohen’s d Scores for Context Reinstatement Effects for Test-
Aware and Test-Unaware Participants in Experiments 1 and 2

Experiment Test-aware Test-unaware

1 1.60 .66
2 .41 .49
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2008; Murnane & Phelps, 1993, 1994, 1995; Murnane et al., 1999;
Rutherford, 2004). These studies do not show better, or more
accurate, recognition memory as a function of context reinstate-
ment (referred to as “context-dependent discrimination”), but
rather increased familiarity in the form of greater hits and greater
false alarms when familiar contexts are presented, whether or not
those familiar contexts were originally associated with recognition
memory targets. Automatic retrieval, in contrast, is a process that
brings content to mind, rather than simply conferring a sense of
familiarity.

There are some limitations to the present study that need to be
noted. One limitation may be that our tightly controlled experi-
mental methods are somewhat removed from expressions of auto-
matic influences of memory in the real world. Although environ-
mental contexts typically do not change rapidly in most real-world
situations, they often change rapidly in movies and TV, media that
are quite familiar to our participants. Another limitation may be
our use of self-reports of test awareness to operationally distin-
guish between recollection and automatic retrieval. On the one
hand, self-reports are often in error, and participants might under-
or overestimate their use of conscious recollection on a previous
test. A variety of subject demand characteristics, for example,
could influence self-reports of intentional retrieval. Forgetting
one’s prior state of mind could contribute another source of inac-
curacy of introspective reports. In addition, test awareness can
occur not only because of intentional efforts to retrieve material
but also because of involuntary explicit memory or an awareness
of the contents of automatic memory retrieval after the fact (e.g.,
Kinoshita, 2001; Richardson-Klavehn, Lee, Joubran, & Bjork,
1994; Schacter, 1987; Schacter, Bowers, & Booker, 1989). Fur-
thermore, although posttest self-reports are intended to reduce
explicit contamination, such reports may underestimate the role of
implicit contamination, that is, the involvement of automatic re-
trieval in intentional recall. Future research on the contextual
dependence of automatic retrieval might seek to use other methods
for observing automatic retrieval, such as reaction timing, or
process dissociation procedures (e.g., Jacoby, 1991, 1998).

Contextually triggered automatic retrieval may be generally
adaptive in the sense that it tends to bring appropriate memories
effortlessly to mind, but it is also worth noting the possible
maladaptive effects that such automatic reminding may have. For
example, the location of a traumatic experience might automati-
cally trigger unwanted memories with painful content. In another
example, experts whose knowledge may be associated with their
work contexts might become fixated when their expert knowledge,
inappropriate or even counterproductive for a particular creative
task, is constantly brought to mind by their work environment.
Retiring to new surroundings may erode the environmental con-
textual support that is needed by the elderly, but it may also
liberate people from the automatic habits that constrain their lives.
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