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The dual effect of context on memory of related and
unrelated themes: Discrimination at encoding and cue

at retrieval

Einat Levy-Gigi1 and Eli Vakil1,2

1Department of Psychology, Bar-Ilan University, Ramat-Gan, Israel
2Leslie and Susan Gonda (Goldschmied) Multidisciplinary Brain Research Center,

Bar-Ilan University, Ramat-Gan, Israel

The influence of contextual factors on encoding and retrieval in recognition memory was investigated
using a retroactive interference paradigm. Participants were randomly assigned to four context
conditions constructed by manipulating types of presentation modality (pictures vs words) for study,
interference, and test stages, respectively (ABA, ABB, AAA, & AAB). In Experiment 1 we presented
unrelated items in the study and interference stages, while in Experiment 2 each stage contained items
from the same semantic category. The results demonstrate a dual role for context in memory processes*
at encoding as well as at retrieval. In Experiment 1 there is a hierarchical order between the four context
conditions, depending on both target�test and target�interference contextual similarity. Adding a
categorical context in Experiment 2 helped to specify each list and therefore better distinguish between
target and interferer information, and in some conditions compensated for their perceptual similarity.

Keywords: Context effect; Retroactive interference; Encoding; Retrieval.

Context plays an apparent role in many domains

of psychology, including attention (Shalev &

Algom, 2000), perception (Diehl, Lotto, & Holt,

2004), language (Miller, 1999), and decision mak-

ing (Shafir, Simonson, & Tversky, 1993). Context

also affects memory; however, this effect is not

unitary and can be demonstrated in different

manners (Levy-Gigi, Kelemen, Gluck, & Kéri,

2011; Levy-Gigi & Vakil, 2010; Vakil, Hornik, &

Levy, 2008; Vakil, Raz, & Levy, 2007, 2010).
An episodic definition of context suggests that

contextual information provides enough details to

uniquely specify an event and distinguish it from

other similar events stored in memory (Murnane,

Phelps, & Malmberg, 1999). As such, context can

not only improve retrieval (Murnane & Phelps,

1994; Rutherford, 2000; Smith, 1979, 1986) but

also reduce interference by specifying different

sources of information (Abeles & Morton, 1996;

Dallett & Wilcox, 1968; Pezdek & Greene, 1993).

For example, Dallett and Wilcox (1968) have

shown that learning different material in two

different contexts conferred a memory advantage

(i.e., less proactive and retroactive interference)

over learning all of the material in the same

context.
The aim of the present study is to system-

atically dissociate between context effects at

encoding and at retrieval and investigate their

reciprocal relations. We do so by utilising retro-

active interference paradigm, that includes three

distinct stages: target information (that will be
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tested later), interferer information, and a mem-
ory test. These stages may take place in different
contexts. We claim that manipulating the con-
textual similarities between the stages can either
impair or improve memory performance.

The effect of context at retrieval is driven from
the contextual similarity between the target
information and the test. When both are pre-
sented in the same context the probability of
remembering the target information is higher
(Tulving & Thompson, 1973; see also Smith,
2007). This idea was illustrated both in a field
setting using an environmental context (for ex-
ample see famous study by Godden & Baddeley,
1975; for review see Smith & Vela, 2001) as well
as in laboratory settings using various kinds of
context manipulations such as perceptual features
(e.g., location and background: Macken, 2002;
Sakai, Isarida, & Isarida, 2010; presentation
modality: e.g., Cook, Marsh, & Hicks, 2006),
mood or emotional state (e.g., Eich & Macaulay
2000; Robinson & Rollings, 2011), physiological
state (e.g., Eich, 1980), cognitive processing (e.g.,
transfer-appropriate processing: Goldstein, 2008;
Morris, Bransford, & Franks, 1977; operation
match: Dewhurst & Knott, 2010; Mulligan &
Lozito, 2006), temporal context (e.g., Kessels,
Hobbel, & Postma, 2007), and others (e.g.,
Hockley, 2008; Hollingworth, 2006; Vakil et al.,
2007).

The effect of context at encoding depends on
the contextual similarity between the target
information and any subsequent interferer infor-
mation. In the retroactive interference paradigm
this condition is explicitly manipulated by pre-
senting two lists of stimuli one after the other and
later testing the memory of the first, target list.
This condition better reflects our everyday ex-
perience than the simple encoding�retrieval para-
digm, since retrieval of information does not
usually follow its encoding.

Although a large body of studies have investi-
gated the effects of similarity between two
sources of information (that can be viewed as
target and interferer information), such research
does not usually take into account the theoretical
perspective of context effect (e.g., Bayen &
Murnane, 1996; Ferguson, Hashtroudi, & John-
son, 1992; Geiselman & Crawley, 1983; Lindsay &
Johnson, 1991). The aim of those studies was
primarily to maximise the differences between the
target and interfering information. Accordingly,
while context studies typically apply controlled
exploration of context effects by using one con-

textual manipulation at a time, these studies have
used multiple contextual dimensions, for example,
simultaneous perceptual, temporal, and spatial
cues. Under such conditions it is hardly possible
to isolate the critical factor that affects target�
interference discrimination. Therefore it is not
surprising that the findings of these studies are
inconsistent, and have led to conflicting conclu-
sions (Hunt & McDaniel, 1993; Reyna & Lloyd,
1997). Several studies have found that memory
performance decreases when target and interfer-
ing lists are presented in the same format (e.g.,
by manipulating presentation modality) (Garry,
Manning, Loftus, & Sherman, 1996; Hyman &
Pentland, 1996; Lane & Zaragoza, 1995; Sahakyan,
Delaney, & Goodmon, 2008; Sahakyan & Kelley,
2002), while other studies have failed to find a
similar effect (Eckert, Kanak, & Stevens, 1984;
Kanak & Stevens, 1992). In summary, it seems
the encoding process and its components, as well
as the reciprocal relation between encoding and
retrieval processes, have not yet been investigated
from a context effect perspective.

The retroactive interference paradigm enables
simultaneous investigation of context effect both
at encoding and at retrieval. Therefore it allows a
more comprehensive approach that takes the
possible reciprocal relations between these effects
into account, and helps to determine whether
their effect is cumulative or independent. This
approach is especially valuable in the light of
recent findings showing that context effects on
memory are much more complicated than pre-
viously thought (Levy-Gigi & Vakil, 2010; Vakil
et al., 2007, 2008, 2010).

As mentioned above, there are many ways to
manipulate context. In the present study we chose
a well-studied context manipulation in which
items are presented in different modalities (pic-
tures versus words) (e.g., Kellogg, 2001; Levy-
Gigi & Vakil, 2010; Pezdek & Greene, 1993;
Vakil, Melamed, & Even, 1996). Using the two
modalities (illustrated by the letters A and B),
we constructed four contextual conditions of
the presentation of target, interference, and test
stimuli (ABA, ABB, AAA, & AAB). Different
modalities help to specify information and require
different cognitive processing that may interfere
with each other (e.g., Dhooge & Hartsuiker, 2011;
MacLeod, 1991). Therefore we anticipate that
similarities between the modalities across the
stages will result in context advantage/disadvan-
tage at encoding/retrieval (see Table 1).
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We predicted that context advantage (marked
as ‘‘�’’) both at encoding and at retrieval will
improve memory performance compared to con-
text disadvantage (marked as ‘‘�’’). In addition,
we hypothesise that the effect of context is
cumulative; hence the performance in the ABA
(��) will be significantly better than in the
ABB (��), AAA (��) and AAB (��)
conditions, whereas the performance in the
AAB condition will be the worst. Finally
although, both ABB (��) and AAA (��)
conditions have one contextual advantage and
one contextual disadvantage, we predict perfor-
mance superiority in the ABB (advantage at
encoding) condition compared to the AAA con-
dition (disadvantage at encoding). We assert that
contextual similarity between the target and
interfering information in the AAA condition
may prevent an appropriate encoding of the
target information. Proper encoding processes
are needed in order to enable context advantage
at retrieval and improve overall performance
(Brown & Craik, 2000; Corrêa et al., 2012).
Therefore, when the encoding process is dis-
rupted, the overall performance will decrease.

We used a forced choice recognition test with
three proposed options (target item, and two
different distractors: one from the interfering list
and one novel item). In this way participants need
to decide not only whether the presented items
are new or old, but also if the old items were
presented as part of the first (target) or the

second (interfering) lists. Since all three alterna-
tives are presented at the same time, and as part
of one question it results in three different
measures: hits (choosing the item from the target
list), old/interferer false alarms (choosing an old
item that was presented in the interfering list),
and new false alarms (choosing a new item
that was never presented before). Our main
interest is in the relations between the old/
interfere and the new false alarms. By comparing
the response rates in these two measures we
can decide whether the participants’ errors were
due to general memory problem (new false
alarms � interferer/old false alarms) or due to
interference (interferer/old false alarms �new
false alarms) (see Levy-Gigi & Vakil, 2010, for a
similar paradigm). Although using this testing
method minimises bias effects, we also added a d-
prime measure to eliminate any possible bias
effect of context reinstatement during retrieval
(e.g., Hockley, 2008; Murnane & Phelps, 1995).

In Experiment 1 we investigate the effects of
context at encoding and retrieval when the target
and interfering lists contain unrelated items. In
Experiment 2 we explore how thematic similarity
between the items in each list alters these effects.
Finally we provide a direct comparison between
the two experiments.

EXPERIMENT 1

Method

Participants and design. There were 157 parti-
cipants in Experiment 1. Two of these were
excluded due to erroneous use of the keyboard
during the test. The remaining 155 (78 women
and 77 men) were undergraduate students at
Bar-Ilan University (M age �23.2 years, range
18�31 years), who volunteered to participate in
the experiment without payment. Participants
were randomly assigned to one of four contextual
conditions (ABA, ABB, AAA, & AAB) that
served as a between-participants factor. In each
group half of the participants learned the target
information as pictures (PWP, PWW, PPP, &
PPW) and the remainder learned it as words
(WPW, WPP, WWW, & WWP). The letters
represent the modality that was used in each
of the experiment stages. For example in the
PWP condition the target list was presented as
pictures (PWP), the interfering list was presented

TABLE 1

The roles of context at encoding and at retrieval in the four

experimental conditions

Context effect at encoding Context effect at retrieval

Contextual similarity

between target and

interfering information

Contextual similarity

between target

information and test

ABA Different (�) Same (�)

ABB Different (�) Different (�)

AAA Same (�) Same (�)

AAB Same (�) Different (�)

�/� represent advantage/disadvantage of contextual simi-

larity. Presenting the target and interfering information in

different modalities (ABA and ABB conditions) helps to

uniquely specify each one of them and therefore serves as

advantage compared to presenting it in the same modality

(AAA and AAB conditions). Presenting the target information

and test in the same modality (ABA and AAA conditions)

helps to better retrieve it and therefore serves as an advantage

compare to presenting it in different modalities (ABB and

AAB conditions).
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as words (PWP), and the test was presented as
pictures (PWP). The target and interfering lists
were counterbalanced. This resulted in a 2 (Con-
textual Similarity at Encoding)�2 (Contextual
Similarity at Retrieval)�2 (Learning Modality)
factorial design.

Materials. A list of 85 common object pictures
(for examples see Appendix 1) which were
consistently named identically by a separate
group of 25 participants, and their corresponding
word names, served as the experimental stimuli.
The items were randomly assigned to the follow-
ing three lists: the target list, the interfering list,
and the test list. The target and the interfering
lists contained 35 items presented either as a
single picture or as a single word depending on
experimental condition. The items were pre-
sented in a 7�6.5 cm box on a white computer
screen background. The test list contained 15
unstudied foil items that were first presented
during the test.

The test stage comprised 15 three-alternative
forced choice questions. Each question presented
three items: an item from the target list, an item
from the interfering list, and an unstudied foil. All
three test items were presented in the same form
(pictures or words), according to the different
context conditions. For example in the PWP
condition the test items were presented as pic-
tures (PWP) (see Appendix 2).

Procedure. Participants were tested individually
in the presence of an experimenter. Participants
were given the following written instructions on-
screen (in Hebrew): ‘‘In this study, memory for
words and pictures is compared. You will be
presented with two different item lists. Please
pay close attention to these lists.’’ List titles
(number 1 or number 2) were presented on a
separate screen for 6 seconds. The items in both
lists were presented serially for 3 seconds each
using Superlab (Cedrus, San Pedro, CA). After
viewing the target and the interference lists, the
participants were given a 3-minute filler task in
which they had to count down from 100 by threes.
This was followed by the memory test. The
following instructions were given: ‘‘Now you are
going to be tested on the first list only. You will be
presented with three items each time. Only one of
them was presented as part of the first list. You
have to indicate whether the item shown in the
first list now appears on the left-hand side, the
middle or the right-hand side of the screen, by
using the keys indicated on the keyboard.’’ The

experimenter ascertained that participants under-
stood the instructions before they started the test.
After completing the test, participants were de-
briefed.

Results

Learning modality. Based on the picture super-
iority effect it was predicted that, overall, pictures
would be better remembered than words (Nelson,
Reed, & Waling, 1976; Paivio, 1971, 1986). Pre-
liminary analysis revealed a significant main
effect of Learning Modality, F(1, 147) �11.93,
pB.005, indicating that, as predicted, the mean
percentage of hits when the target list was viewed
as pictures (M �78.04%, SE �1.8%) was signif-
icantly higher than for words (M �69.3%,
SE �1.78%). However, none of the interactions
with Learning Modality reached significance (all
Fs B1). In order to simplify the reporting of
results in subsequent analyses the two learning
conditions (pictures vs words) were collapsed.

Hit rates. The percentage of hits (Figure 1) was
analysed in a 2 Encoding Similarity (same mod-
ality, different modalities)�2 Retrieval Similarity
(same modality, different modalities) analysis of
variance (ANOVA). A significant main effect of
Encoding Similarity was found, F(1, 151) �47.5,
pB.001, indicating as predicted that the percen-
tage of hits was significantly higher when target
and interfering information were presented in
different modalities (M �82.67, SE �1.83) than
in the same modality (M �64.66, SE �1.87). In
addition a significant main effect of Retrieval
Similarity was found, F(1, 151) �10.12, pB.005,
indicated that as predicted the percentage of
hits was significantly higher when target and
test were presented in the same modality
(M�77.82, SE�1.87) than in different modalities
(M�69.51, SE�1.83). The Encoding�Retrieval
interaction did not reach significance, F(1,
151)�0.07, p�.05.1

False alarm rates. The percentage of false
alarms (see Figure 2) was analysed in a mixed-
design ANOVA, with the between-participants
factors of Encoding Similarity (same modality,

1Similar results were obtained when using d’ measure

[Z(hits) � Z(total false alarms] as the dependent variable,

revealing a significant main effects of Encoding Similarity,

F(1, 151) �49.83, p B .001, and Retrieval Similarity, F(1,

151) �9.97, p B .005.
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different modalities) and Retrieval Similarity
(same modality, different modalities) and the
within-participants repeated-measure factor of
Error Type (interferer/old false alarm vs new
foil false alarms). Most of the main effects are
redundant and illustrate a mirror picture of the hit
rates effects, and therefore are not reported.

There was a significant Encoding Similar-
ity�Error Type interaction, F(1, 151) �10.6,
pB.005. Further analyses showed that when the
target and interfering information were presented
in different modalities (ABA and ABB condi-
tions) there was no significant difference between
interferer and new false alarms, F(1, 78) �2.96,
p�.05. However, when the target and interfering
information were presented in the same modality
(AAA and AAB conditions), the difference
between the two types of error was significant,
F(1, 75) �36.21, pB.001; in both the AAA and

the AAB context conditions the percentage of
interfere false alarms was significantly higher than
the percentage of new foil false alarms, F(1,
36) �15.18, pB.001; F(1, 38) �20.76, pB.001,
respectively.

Discussion

The results of Experiment 1 confirm the effects of
contextual similarity between experimental stages
both at encoding (between target and interfering
stimuli) and at retrieval (between targets and test
probes). As expected there is a hierarchical
relationship between the four context conditions,
suggesting a cumulative context effect: greater
correct recognition rates in the ABA condition
(��) than in the ABB condition (��) indi-
cates that encoding and retrieval context effects

Figure 1. Mean percentage of hits (and standard error) in Experiment 1, as a function of advantages and disadvantages of context

at encoding and retrieval processes (for details regarding the different context conditions see Table 1).

Figure 2. Mean percentage of false alarms (and standard error) in Experiment 1, as a function of advantages and disadvantages of

context at encoding and retrieval processes and the type of error (for details regarding the different context conditions see Table 1).

732 LEVY-GIGI AND VAKIL

D
ow

nl
oa

de
d 

by
 [

B
ar

-I
la

n 
U

ni
ve

rs
ity

] 
at

 0
7:

55
 1

3 
A

ug
us

t 2
01

3 



are additive, since performance is significantly
better when both effects exist. Greater correct
recognition rates in the ABB condition relative to
the AAA condition (��) may suggest that
context effect at encoding is more potent com-
pared to its effect at retrieval, in conditions of
retroactive interference. Therefore, as predicted,
an appropriate encoding is needed in order to
enable context advantage at retrieval (Brown &
Craik, 2000). Finally, the worst recognition per-
formance in the AAB condition (��) indicates
that in some conditions context effects can be
negative, and reduce memory accuracy.

In Experiment 1 the importance of context
effect at encoding was demonstrated using per-
ceptual manipulation of context (pictures vs
words). The purpose of Experiment 2 was to
investigate whether categorical context would
compensate for the disadvantage caused by per-
ceptual similarity. As in Experiment 1 we used
two lists of items, but rather than using unrelated
items, items in each list shared the same theme
(items that can be found at home vs items that can
be found at the office). In this way each list has its
own unique categorical context. Some of the list
items represent the theme solely (e.g., bed in the
house list and photocopy machine in the office
list), while others could be classified equally as
part of the target and the interfering lists (e.g.,
telephone).

We assume that, consistent with prior studies
(Hertel, 1985; Lindsay, Allen, Chan, & Dahl,
2004) and in accordance with the definition of
context, adding a categorical context would help
to uniquely specify each list and may increase the
discrimination between them. We predict that this
manipulation will mostly affect performance in
the AAA and the AAB conditions, in which the
lack of perceptual distinction at encoding would
be compensated by the conceptual distinctiveness
and will allow participants to better discriminate
target and interferer items.

EXPERIMENT 2

Method

Participants and design. There were 152 parti-
cipants in Experiment 2. One of them was
excluded due to erroneous use of the keyboard
during the test. Two other participants left half-
way through without completing the experimental

session. The remaining 149 (77 women and 72
men) were students at Bar-Ilan University (M
age �23.87 years, range 19�29 years) who volun-
teered to participate in the experiment without
compensation. Assignment to the different con-
ditions was similar to that in Experiment 1. This
resulted in a 2 (Contextual Similarity at En-
coding)�2 (Contextual Similarity at Re-
trieval)�2 (Learning Modality) factorial design.

Materials. A pre-test was conducted in order to
create a list of objects that people expect to be
found at home and at the office. An additional
100 participants wrote down ‘‘whatever comes to
their mind when they think about objects that
they can find at home/office’’. Responses were
used to create a bank of 35 household items and
35 office items mentioned by more than 85% of
those participants. So 15 studied items from each
category together with 15 unstudied foil items
were presented during the test. These items were
rated as equally expected to be found at home
and in office (for example: picture, chair, &
computer). Assignment to the various lists and
presentation of the items were the same as in
Experiment 1.

Procedure. The procedure in the current study
was similar to that in the first experiment, except
for the fact that we mentioned the theme (home
or office) in the list titles as well as in the test.

Results

Learning modality. As in Experiment 1, pre-
liminary analysis yielded a significant main effect
of Learning Modality, F(1, 140) �43.93, pB.001,
indicating as expected that the percentage of hits
when the target list was studied as pictures
(M �87.1%, SE �1.6%) was significantly higher
in comparison to words (M �71.6%, SE�
1.7%). Since neither the Learning Modal-
ity�Contextual Condition interaction nor the
Learning Modality�Error Type interaction
were significant (ps�.5), in subsequent analyses
the two learning conditions (pictures and words)
were collapsed in order to simplify reporting of
the results.

Hit rates. The percentage of hits (Figure 3) was
analysed in a 2 Encoding Similarity (same mod-
ality, different modalities)�2 Retrieval Similarity
(same modality, different modalities) analysis of
variance (ANOVA). A significant main effect of
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Encoding Similarity was found, F(1, 145) �14.65,
pB.001, indicating as predicted that the percen-
tage of hits was significantly higher when target
and interfering information were presented in
different modalities (M �84.65, SE �1.79) than
in the same modality (M �74.67, SE �1.9). In
addition a significant main effect of Retrieval
Similarity was found, F(1, 145) �19.95, pB.001,
indicating as predicted that the percentage of hits
was significantly higher when target and test were
presented in the same modality (M �85.02,
SE �1.84) than in different modalities
(M �74.3, SE �1.85). The Encoding�Retrieval
interaction did not reach significance, F(1,
145) �0.58, p�.05.2

False alarm rates. The percentage of false
alarms (Figure 4) was analysed in a mixed-design
ANOVA, with the between-participants factors of
Encoding Similarity (same modality, different
modalities) and Retrieval Similarity (same mod-
ality, different modality) and the within-partici-
pants repeated-measure factor of Error Type
(interferer false alarm vs new foil false alarms).
As in Experiment 1 most of the main effects are
redundant and illustrate a mirror picture of the
hit rates effects, and therefore are not reported.
There was a significant Encoding Similar-
ity�Error Type interaction, F(1, 145) �7.45,
p B.01. Further analyses revealed that when the
target and interfering information were presented
in different modalities (ABA and ABB condi-

tions) there was no significant difference between
interferer and new false alarms, F(1, 78) �0.69,
p�.05. However, when the target and interfering
information were presented in the same modality
(AAA and AAB conditions), the interaction was
significant, F(1, 69) �8.63, pB.005. Further ana-
lyses indicated that, while in the AAA there was
no significant difference between the two error
types, F(1, 34) �0.32, p�.05, in the AAB condi-
tion the percentage of interferer false alarms was
significantly higher than the percentage of new
false alarms, F(1, 34) �12.4, pB.005.

Discussion

The results of Experiment 2 strengthen the claim
that the effects of context at encoding and at
retrieval are additive and their influence on
memory is cumulative. In addition it reveals that
categorical context that uniquely specify the
target and interferer information helps to distin-
guish between them, and in some conditions can
compensate for their perceptual similarity.

The most significant influence of categorical
context was observed when there was no percep-
tual distinctiveness between the target, interferer
and test stages (AAA condition). In this condi-
tion we assume that using different categories for
each list enabled participants to distinguish be-
tween the target and interferer information, and
to use the perceptual context advantage at
retrieval (both target and test are presented in
the same modality) more effectively. However, it
seems like such discrimination is not sufficient
and does not improve performance in cases of

Figure 3. Mean percentage of hits (and standard error) in Experiment 2, as a function of advantages and disadvantages of context

at encoding and retrieval processes (for details regarding the different context conditions see Table 1).

2 Similar results were obtained when using d’ [Z(hits) �
Z(total false alarms)] as the dependent variable, revealing a

significant main effects of Encoding Similarity, F(1,

145) �18.42, p B .001, and Retrieval Similarity, F(1,

145) �21.88, p B .001.
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encoding and retrieval disadvantages (AAB con-
dition), nor fully compensate for perceptual
similarity between target and interferer informa-
tion (AAA BABA). Therefore categorical con-
text that forms thematic discrimination between
two lists may help to use the perceptual context
advantage at retrieval more effectively (up to a
certain level), but without it, its effect in this
paradigm is minimal.

In order to further investigate the reciprocal
relations between perceptual and categorial con-
texts, it is essential to compare the performance in
each experimental condition (ABA, ABB, AAA,
& AAA) as a function of thematic connection
within the lists. To that end, in the third part of
this article we compared the two experiments
directly.

COMPARISON BETWEEN THE TWO
EXPERIMENTS

A 2�2�2 ANOVA, with factors of Thematic
Connection (same theme, different theme, i.e.,
Experiments 1 and 2, respectively), Encoding
Similarity (same modality, different modalities),
and Retrieval Similarity (same modality, different
modalities) yielded a significant main effect
of Thematic Connection, F(1, 296) �10.53,
pB0.005, indicating that the percentage of hits
when each list contained items from the same
theme (M �79.66%, SE �1.3%) is significantly
higher compared to conditions in which each
list contained unrelated items (M �73.67%,
SE �1.3%). In addition there was a significant
interaction of Thematic Connection and Encod-

ing Similarity, F(1, 296) �4.74, pB.05. Further

analysis revealed that when the target and inter-

fering information were presented in different

modalities (ABA and ABB) the percentage of

hits did not differ as a function of thematic

connection, F(1, 156) �0.71, p�.05; however,

when the target and interfering information

were presented in the same modality hits percen-

tage was significantly higher in the same- com-

pared to the different-theme condition, F(1,

144) �11.9, pB.005, in both the AAA and the

AAB context conditions, F(1, 70) �7.12, pB.01;

F(1, 72) �5.19, pB.05 respectively.3

A mixed-design 2�2�2�2 ANOVA, with

the between-participants factors of Thematic

Connection (same theme, different theme), En-

coding Similarity (same modality, different mod-

alities), and Retrieval Similarity (same modality,

different modalities), and the within-participants

repeated-measure factor of Error Type (interferer

false alarms vs new foil false alarms) yielded a

significant interaction between Thematic Connec-

tion and Error Type, F(1, 296) �11.47, pB.005,

illustrating the difference between interferer and

new foil false alarms as a function of thematic

connection (see results of error type main effects

in Experiments 1 and 2). No significant interac-

Figure 4. Mean percentage of false alarms (and standard error) in Experiment 2, as a function of advantages and disadvantages of

context at encoding and retrieval processes and the type of error (for details regarding the different context conditions see Table 1).

3 Similar results were obtained when using d’ measure

[Z(hits) � Z(total false alarms] as the dependent variable,

revealing a significant main effects of Thematic Connection,

F(1, 296) �10.25, p B .005, and significant interaction be-

tween Thematic Connection and Encoding Similarity, F(1,

296) �4.61, p B .05. Follow up tests showed the same trends

revealing significant differences only in the same modality

conditions, F(1, 144) �9.51, pB.005, but not in the different

modalities conditions, F(1, 156) �1.14, p�.05.
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tions between Thematic Connection and other
variables were found. Other effects were redun-
dant to effects presented as part of the results of
Experiment 1 and 2. Please note that although we
have controlled for some stimulus properties
(syllabic length and concreteness) in the two
experiments, it is possible that the differences
we have found in memory performance are not
only due to the thematic connection but also due
to other distinctions between the lists we have
used. However, since the differences that were
found are specific to the AAA and AAB condi-
tions, this possibility is less likely.

GENERAL DISCUSSION

The current study represents an innovative at-
tempt to examine the effects of context at
encoding and at retrieval and the reciprocal
relations between them. In the first part of the
study we used perceptual context (different
modalities), and manipulating the similarities
between the target, interfering and test stages.
In the second part we tested whether adding
categorical context (different themes) alters the
effects of perceptual context.

Context effects at encoding and at
retrieval

The results clearly demonstrate a dual role for
context in memory processes*at encoding and at
retrieval. These effects obtained whether study
lists consisted of unrelated items (Experiment 1)
or shared a same theme (Experiment 2). The
context effect at retrieval emphasises the impor-
tant contribution of context in conditions invol-
ving exposure to interfering information (see also
Levy-Gigi & Vakil, 2010, for similar results in
children) and expands it beyond the simple
encoding-retrieval design that was previously
reported in the literature (e.g., Cook et al., 2006).

The context effect at encoding is consistent
with prior studies showing that distinctive pro-
cessing is important for successful remembering
(e.g., Ausubel, 1962; Einstein & Hunt, 1980;
Moscovitch & Craik, 1976) as well as for better
discrimination between different sources of
information (e.g., Bayen & Murnane, 1996;
Ferguson et al., 1992; Geiselman & Crawley,
1983; Lindsay & Johnson, 1991). However, it
shows that using a single context manipulation,

rather than multiple contextual dimensions, is

sufficient to affect discrimination in a retroactive

interference paradigm.
Greater correct recognition rates in the ABB

(��) condition relative to the AAA condition

(��) in the first experiment (unrelated items)

suggest that encoding and retrieval processes

have a differential effect on memory perfor-

mance. The effect of context at encoding may

be more potent compared to its effect at retrieval,

particularly since appropriate encoding of infor-

mation is needed in order to ensure a successful

retrieval.
The results are consistent with our prediction

(see Table 1), revealing that the influence of

context is accumulative and that both effects, at

retrieval and at encoding, are beneficial to

memory and operate simultaneously. Thus, in

order to improve memory of target information

in retroactive interference paradigm, both effects

should be taken into account. It also supports the

recent proposal that context effects should not be

treated as a single comprehensive phenomenon

but as a complex of factors with different weights

(Vakil et al., 2007).

Perceptual and categorical types of
context

It was found that adding a categorical context that

specify the target and interferer information helps

to discriminate between them and leads to a

better memory performance. This effect is parti-

cularly strong in the AAA condition, when

encoding disadvantage (perceptual similarity be-

tween the target and interferer information) is

accompanied by retrieval advantage (perceptual

similarity between target information and test).

When the perceptual context distinguished be-

tween target and interference lists (ABA and

ABB conditions), or when there are perceptual

disadvantages both at encoding and at retrieval

(AAB condition) the contribution of additio-

nal categorical discrimination is not significant.

Therefore we concluded that the effect of cate-

gorical context is a function of retrieval processes.

It may help to use the perceptual context advan-

tage at retrieval more effectively (up to a certain

level), but without it, its additive effect in this

paradigm is minimal. These results align with

theoretical frameworks claiming that appropriate
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encoding is essential to ensure suitable retrieval
(Brown & Craik, 2000).

Practical implications

Our characterisation of the two contributions of
context provides a basis for understanding other
context-related findings. For example, it has been
reported that school-type test performance is not
consistently affected by similarity between the
learning and test contexts (Fernandez & Alonso,
2001; Metzger, Boschee, Haugen, & Schnobrich,
1979). Based on the dual role of context reported
herein, the inconsistency may be due to the fact
that possible context effect at encoding was
neglected.

Open questions and future directions

The present study was designed to explore the
effects of target�interference and target�test simi-
larities. However, it is important to note that
similarity between interference and test may affect
memory performance as well. This effect can take
two opposite forms: contextual similarity between
the interferer information and the test may in-
crease the tendency to erroneously endorse inter-
ferer items rather than target items. On the other
hand, when the target and interference stages are
distinct it may help participants to correctly reject
the interferer items during the test, and hence to
increase the probability of choosing target items
(Brainerd, Reyna, & Estrada, 2006). Although a
post-hoc interpretation of the current study results
supports a recollection rejection process (ABB�

AAB), further research is necessary to elucidate
this effect and the reciprocal relations between it
and the effects of context at encoding and at
retrieval.

To summarise, the current study simulates
everyday life where retrieval of information
does not always follow its encoding and may
serve as a first step towards developing a wider
and more comprehensive theoretical framework
regarding the contributions of context effect
as demonstrated in retroactive interference
paradigm.
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APPENDIX 1

Samples of stimuli presented as pictures (reduced in size)
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APPENDIX 2

Samples of the three alternative forced choice questions

Test items are presented as pictures (e.g., in the PWP context condition).

Test items are presented as words- (e.g., in the PWW context condition). The original words were
presented in Hebrew.
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