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Testing potentiates new learning in the misinformation
paradigm

Leamarie T. Gordon & Ayanna K. Thomas

# Psychonomic Society, Inc. 2013

Abstract Retrieval enhanced suggestibility (RES) is the find-
ing that the misinformation effect is exacerbated when a test
precedes misleading postevent information (Chan, Thomas, &
Bulevich Psychological Science 20: 66–73, 2009). In the
present study, we tested three hypotheses relevant to RES.
First, we examined whether retrieval of critical details was
necessary for the RES effect. Second, we examined whether
initial testing influenced the allocation of attention to critical
details during postevent information processing. Finally, we
examined whether RES resulted in impaired access to the
originally learned information. We compared three groups of
participants in three experiments: an identical-test group, a
related-test group, and a standard misinformation group. Both
testing groups were tested on the original event before the
introduction of misinformation; however, the identical-test
group took the same test before and after the misinformation,
whereas the related-test group took different tests before and
after misinformation. We found that testing before misleading
postevent information affected attention allocation to details in
the postevent narrative. Furthermore, the RES effect did not
accompany reduced accessibility to the original information,
as measured by a modified–modified free recall test. These
data have implications for how testing may potentiate new
learning.

Keywords Eyewitnessmemory .Misinformation effect .

New learning . Retrieval . Testing effect

After witnessing a crime, most individuals undergo some form
of immediate recall of the event. That is, witnesses are likely to

call the police, be interviewed by responders to the scene, or
even contact family or friends to talk about what they
witnessed. In the present study, we investigated the role of
immediate testing on eyewitnessmemory in themisinformation
paradigm. Numerous studies have demonstrated the deleterious
effects that misleading postevent information can have on
memory for an originally witnessed event (see Loftus, 2005,
for a review).More recent studies have suggested that in certain
situations, immediate retrieval may exacerbate misinformation
susceptibility (e.g., Chan et al., 2009), whereas in other situa-
tions, immediate retrieval has been shown to reduce
misinformation susceptibility (Gabbert, Hope, Fisher, &
Jamieson, 2012). The circumstances that result in enhanced or
reduced misinformation susceptibility due to immediate testing
remain unclear. In the present study, we tested the hypothesis
that immediate testing directly impacts posttest learning,
resulting in enhanced posttest learning or misinformation sus-
ceptibility. We further hypothesized that the seemingly delete-
rious effects of immediate testing may be diminished through
unconstrained retrieval.

The hypothesis that testing after witnessing an event will
reduce susceptibility to misleading postevent information has
emerged from the well-established testing effect. Research has
demonstrated that repeated testing increases long-term reten-
tion, as compared to repeated study (for a review, see Roediger
& Karpicke, 2006). One theory to explain the testing effect is
that testing appears to produce an elaboration of an existing
memory representation, perhaps in terms of retrieval routes,
which offers a more robust memory trace than does simple
restudy (Bjork, 1975; Carpenter, 2009, 2011; McDaniel,
Kowitz, & Dunay, 1989; Pyc & Rawson, 2012).
Alternatively, repeated testing may enhance memory by im-
proving the diagnostic value of retrieval cues (Karpicke &
Blunt, 2011; Karpicke & Smith, 2012). Regardless of the
underlying mechanism, repeated testing has consistently been
shown to improve memory.
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Though testing effects are robust, few studies have exam-
ined the benefits of repeated testing in eyewitness scenarios,
and those that do exist have yielded conflicting results. On the
one hand, a series of studies by Chan and colleagues (Chan &
Langley, 2011; Chan & LaPaglia, 2011; Chan et al., 2009;
Thomas, Bulevich, & Chan, 2010) have demonstrated that
testing before misleading postevent information increased sus-
ceptibility to misinformation. Comparing a group who took a
test before misleading postevent information to a standard
misinformation group on a final test of memory, Chan and
colleagues found that immediate testing impaired accuracy on
the final test of memory and increased misinformation produc-
tion. The retrieval enhanced suggestibility (RES) effect has
been replicated in several subsequent studies (Chan &
Langley, 2011; Chan & LaPaglia, 2011; Thomas et al., 2010).

On the other hand, research has demonstrated that imme-
diate retrieval of a witnessed event may immunize participants
against the deleterious effects of misleading postevent infor-
mation (Gabbert et al., 2012; Lane, Mather, Villa, & Morita,
2001; Memon, Zaragoza, Clifford, & Kidd, 2010; Saunders &
MacLeod, 2002; Thomas et al., 2010). In one study, Lane et al.
had participants provide a review of a witnessed event prior to
the introduction of misinformation. They found that there was
no difference in misinformation susceptibility between the
review condition and a no-review control condition. In other
words, testing prior to misinformation did not increase sus-
ceptibility. In a related study, Gabbert et al. (2012) had partic-
ipants view a video of a robbery, and then complete a self-
administered interview (SAI; Gabbert, Hope, & Fisher, 2009).
They found that participants who had completed a SAI were
less susceptible to misinformation than those who did not
(Gabbert et al., 2012). In both of these studies, participants
had more control over their initial retrieval than in the studies
performed by Chan and colleagues. Specifically, in Lane et al.
(2001) participants were given free recall instructions. The SAI
employed by Gabbert and colleagues offered a more structured
recall process than free recall; however, specific details in the
original event were not directly queried. In standard RES
studies, participants are tested on specific details, and those
details are then manipulated in the context of a postevent
narrative. Therefore, in the context of the RES methodology,
immediate retrieval is tied to later misinformation presentation.
In the context of less constrained initial-testing studies, retrieval
of details that will later be manipulated is not guaranteed.

The conflict in the literature suggests that the nature of the
initial test may determine misinformation susceptibility. The
more closely that initial testing relates to the posttest narrative,
the more likely a RES effect. In three experiments, we exam-
ined this relationship by manipulating the level of association
between initial testing and the posttest narrative. We tested the
hypothesis that retrieval, or attempted retrieval, of details later
manipulated in the narrative results in RES, whereas retrieval
of details associated with the original event that are not later

manipulated in a postevent narrative may reduce RES and
enhanced memory for the original event. We compared two
kinds of initial tests. The first was analogous to tests used in
previous RES experiments. In this testing group, participants
retrieved or attempted to retrieve details that were later ma-
nipulated in the narrative. This group was compared to an
initial-testing group that retrieved or attempted to retrieve
details associated with the original event that were not later
manipulated in the narrative. We hypothesized that initial or
immediate testing would affect misinformation susceptibility,
but that the magnitude of susceptibility would be contingent
on the retrieval or attempted retrieval of details later manipu-
lated in the narrative.

Experiment 1

The goal of Experiment 1 was to test the hypothesis that
retrieval of critical details, prior to exposure to misleading
information about those same details, is necessary for RES to
occur. In addition to the single-test control and identical-test
groups from standard RES studies, we created a second,
repeated-test group in which initial- and final-test questions
were contextually related, but not identical. We hypothesized
that if retrieval of critical details is necessary for RES to
occur, the related-test group would not show increased
susceptibility to misinformation as compared to the single-
test control group. The identical-test group, on the other
hand, would show the standard RES effect, demonstrated
by both an increase in misinformation production and a
decrease in accuracy on misleading trials as compared to
the single-test control group.

Method

Participants Agroup of 89 undergraduate students fromTufts
University participated in this study for course research credit.

Materials and procedure The experimental design was a 3
(testing: related, identical, or single) × 3 (item type: consistent,
control, or misleading) mixed design. Presence/type of the
initial test was manipulated between subjects, whereas item
type was manipulated within subjects.

As in Chan et al. (2009), we used the first episode of the
first season of the television program 24 as the witnessed
event material. The visual narrative was created by modifying
the episode guide provided by Fox television at www.fox.
com/24. No participant had seen this video before.

The test materials were 48 questions that asked about
details from the witnessed event. Questions were divided into
24 pairs denoted as Set A and Set B. Two sets of questions
were required for the related-test group. For example, one
question in Set Awas, “What type of plane does Tony report
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has exploded?” and the related question in Set B was, “Tony
reports that a plane exploded over a desert. Which desert?”
Related questions were constructed on the basis of the degree of
co-occurrence of queried detail in the witnessed event. That is,
we strove to construct them in such a way that answering a
question from Set A activated information relevant to the related
question from Set B. Crucially, critical details from the video
that served as the answers to each question of a pair across Sets
A and B were not the same. As per Chan, McDermott, and
Roediger (2006), we provided a metric of question-pair related-
ness via the pairwise comparison feature on the latent semantic
analysis website (http://lsa.colorado.edu). We computed
relatedness ratings for both intended pairs, and random pairs.
The purpose of this was to show that the intended pairs were
associated via specific information from the witnessed event.
We did so by demonstrating the average relatedness rating for
intended pairs exceeded that of the random pair. Indeed, the
average relatedness rating for intended pairs (a correlation) was
.62, significantly higher than the average of .11 for random
pairs, t(46) = 11.86, p < .01, d = 3.49.

Participants first viewed the episode of 24 . After viewing
the witnessed event, those in the identical- and related-testing
groups took an immediate recall test on 24 details of the video.
For the related-test takers, these questions belonged to Set A.
For the identical-test takers, these questions belonged to Set B.
During the cued-recall test, participants were told to answer
every question (by typing their responses into the computer).
No corrective feedback was provided, and participants were
required to answer every question. Participants in the single-
testing group played Tetris (a computerized falling-shape
game) for the same amount of time (12 min). Participants in
each condition then completed a brief demographic question-
naire and a synonym and antonym vocabulary test (Salthouse,
1993). This distractor phase lasted approximately 20 min.

Following the distractor tasks, participants read a narrative
that described the video. The narrative was presented via
computer and divided across five screen captures. Each screen
presented between three and five paragraphs of the narrative,
and all screens included control, consistent, and misleading
details. Participants pressed a computer key to advance to the
next screen and were unable to return to a previous screen.
Twenty-four critical details were targeted in the narrative. The
critical details were details that had been viewed in the original
event and then correctly repeated, omitted, or distorted in the
postevent narrative. Details were randomly assigned to one of
the three counterbalancing groups, and each group of eight
details appeared equally often as control, consistent, or mis-
leading details. The final test required that participants answer
questions that directly assessed memory for these critical
details. The final-test questions for both repeated-test groups
were always from Set B. Before beginning the final test,
participants were instructed to answer every question by
reporting what they recalled from the video.

The key manipulation was that, for the identical-test partici-
pants, the initial and final tests were the same. Thus, the narrative
content pertained directly to both tests. However, for the related-
test participants, the critical details in the narrative were related
to the questions from the initial test (for these participants, the
Set A questions), but participants were not asked to retrieve
information on the initial test that would later be manipulated in
the narrative. For example, one initial-test question given to
related-test takers asked, “How many joints did Teri find in
Kimberly’s room?” On the final test, participants were asked
“Where in Kimberly’s room did Teri find the joints?”When this
question pair was presented as part of the consistent condition,
the narrative indicated that Teri found the joints in Kimberly’s
desk. This information was consistent with what participants
had seen in the video. When this question pair was presented in
themisleading condition, the narrative indicated that Teri found
the joints in Kimberly’s dresser. When the item was in the
control condition, the narrative indicated only that Teri found
joints in Kimberly’s “room.” In each testing condition, when
misinformation was presented, it was always a plausible alter-
native, and critical information in the narrative was only
presented once. Each final-test item was counterbalanced, such
that all critical details served equally across participants in the
control, consistent, and misleading conditions.

Results

Unless otherwise noted, all results reported were significant at
an alpha level of .05. Figure 1 displays the mean probabilities
of responding with accurate information from the video or
misinformation from the narrative, as a function of test con-
dition and item type. Figure 1 illustrates that test condition
affected responding on misleading trials. The three-way inter-
action of item type (misleading, consistent, control), testing
group (single, repeated, related), and response (video, narra-
tive) was significant, F(4, 172) = 4.38, ηp

2 = .09. Planned
comparisons using a Bonferroni correction revealed that par-
ticipants in the identical-testing group (M = .50) were mar-
ginally less likely to produce correct information than were
participants in the related-testing group (M = .61), t (57) =
1.73, p = .06, and significantly less likely to produce correct
information than were participants in the single-testing group
(M = .65), t(58) = 2.42, d = 0.62. We found no difference in
correct responding between the related- and single-test
groups. Participants in the identical-test group (M = .37) were
also more likely to produce misinformation on misleading
trials than were those in the single-test group (M = .19),
t (58) = 2.9, d = 0.75. Similarly, participants in the related-
test group (M = .32) were more likely to produce
misinformation than were those in the single-test group,
t (57) = 2.52, d = 0.64. No difference in misinformation
production was apparent between participants in the related-
and identical-test groups.
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Discussion

The results of Experiment 1 suggest that retrieval of critical
details, or details manipulated in a postevent narrative, may not
be necessary for RES. That is, when susceptibility to
misinformation wasmeasured as production ofmisinformation,
both the identical- and related-test groups were more likely to
produce misinformation than were single-test participants.
Although participants in the related-test group took a test about
the witnessed event before reading the postevent narrative, they
were not questioned about critical details manipulated in the
narrative. Thus, critical detail retrieval was not a requirement
for RES. Rather, our data suggest that testing before postevent
information may direct attention allocation to specific details in
the narrative, enhancing learning of that information.

This conclusion is consistent with findings in the verbal-
learning literature that have demonstrated the potentiation of
new learning after testing. Specifically, Tulving and Watkins
(1974) demonstrated greater learning of A–C in an A–B, A–C
paired-associate learning paradigm if a test of A–B preceded
A–C learning, as compared to when no test intervened between
the learning phases. The finding that participants produced
more misinformation details in the repeated-testing than in the
single-testing groups suggests that immediate testingmay result
in RES, because it affects learning of the postevent narrative.

Experiment 2

The goal of Experiment 2 was to investigate the influence of
immediate testing on posttest processing. The results from the
first experiment, as well as those from the verbal-learning
domain, (e.g., Tulving & Watkins, 1974) suggest that cued-

recall testing prior to new learning will facilitate posttest
learning. In Experiment 2, we tested whether an attention
mechanism could account for enhanced misinformation pro-
duction. Specifically, we hypothesized that testing prior to
new learning would influence the allocation of attention to
details in the narrative. Thomas et al. (2010) suggested that
immediate testing in a misinformation paradigm may result in
attentional capture by details in a posttest narrative that are
related to information previously tested. Thomas et al. hypoth-
esized that attentional capture influenced both the learning of
misinformation and the ease, or fluency, with which informa-
tion from the narrative came to mind during the final test
phase (i.e., Baddeley, 1982; Jacoby & Dallas, 1981; Kelley
& Lindsay, 1993; Koriat, 1993).

Experiment 1 of the present manuscript provides additional
support for the conclusion that immediate testing may influ-
ence how posttest information is learned. Experiment 2 was
designed to directly measure attention during postevent narra-
tive processing. In this experiment, we measured the time it
took participants to read different types of information
presented in the postevent narrative. We used reading time as
an index of attention allocation. We hypothesized that if testing
affected attention to critical details, the repeated-test groups
should spend more time processing misleading information,
relative to single-test controls. Reading time is a long standing
proxy for attention allocation (Reynolds & Anderson, 1982;
Tousignant, Hall, & Loftus, 1986), with longer times reflecting
more attention allocated.

Method

Participants A total of 90 undergraduate students from Tufts
University participated for course credit.

Fig. 1 Mean probabilities of responding with accurate video information or with misinformation from the narrative, as a function of test group and item
type in Experiment 1
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Materials and procedure The experimental design was a 3
(testing: related, identical, or single) × 3 (item type: consistent,
control, or misleading) mixed design. The presence/type of
the initial test was manipulated between subjects, whereas
item type was manipulated within subjects.

The witnessed event and test materials were the same as in
Experiment 1. Narratives and test questions were constructed
such that eight consistent, eight control, and eight misleading
trials were included. As in Experiment 1, item type was also
counterbalanced. Participants in each group first watched the
video. Those in the identical and related-test groups then took
an immediate cued-recall test, whereas single-test participants
played Tetris. Participants were instructed to answer every
question. All participants then completed the same demo-
graphic questionnaire and synonym and antonym vocabulary
test as in Experiment 1. Following that phase, all participants
were presented with the written narrative. The critical change
in this experiment was the presentation format of the narrative.
The narrative was presented sentence by sentence, to allow for
the collection of reading time data. The narrative presented
information that was consistent, neutral, or misleading with
regard to the video. Eighty-eight sentences were presented to
participants; however only 24 of those contained details of
interest. Those 24 sentences were constructed to have an
average length of 15words (SD = 3.01) and housed the critical
detail near the end of the sentence. After each sentence was
presented, participants were instructed to press the space bar
to move onto the next sentence. Reading time was measured
as the time between each press of the space bar. After the
narrative presentation, participants completed the final cued-
recall test.

Results

Cued recall As with Experiment 1 we conducted a 3 (item
type: consistent, control, misleading) × 3 (testing group: sin-
gle, related, identical) × 2 (response: video, narrative) mixed-
design analysis of variance (ANOVA) on the average propor-
tions recalled. As Fig. 2 illustrates, respondingwas affected by
testing, but only on misleading trials. Although the three-way
interaction was not significant, F = 1.46, we did find a
significant interaction between item type and test group,
F(4, 174) = 2.90, ηp

2 = .06. Subsequent univariate ANOVAs
collapsing across the response variable were performed in
order to examine how testing affected responding for specific
item types. Participants in the three testing groups did not
differ in their responses given on control or consistent trials,
Fs < 1; however, a significant effect of test group was found
on misleading trials, F (2, 90) = 8.34, ηp

2 = .83. Pairwise
comparisons with a Bonferroni correction demonstrated that
participants in the identical-test group produced more com-
bined video and narrative, or correct and misleading, responses
than did participants in the related-test group, t(58) = 2.31, d =
0.61. In addition, participants in the related-test group pro-
duced more of these responses than did participants in the
single-test group, t (58) = 2.34, d = 0.63. Thus, as Fig. 2
illustrates, testing affected the production of both correct and
misleading responses, but only on misleading trials.

Reading time Table 1 presents the average reading times
associated with narrative presentation in Experiment 2. What
is clear from these data is that sentences that included
misinformation took more time to process than did sentences

Fig. 2 Mean probabilities of responding with accurate video information or with misinformation from the narrative, as a function of test group and item
type in Experiment 2
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that included consistent or neutral information. This main
effect was confirmed in a 3 (item type: consistent, control,
misleading) × 3 (testing group: single, related, identical)
mixed design ANOVA, F (2, 174) = 26.60, ηp

2 = .23.
Pairwise comparisons employing a Bonferroni correction re-
vealed that sentences with misinformation (M = 4,378 ms)
took longer to process than did sentences with consistent
information (M = 4,000 ms), t (89) = 3.71, d = 0.37.
Sentences with misinformation also took longer to process than
did control sentences (M = 3,690 ms), t(89) = 6.98, d = 0.64. A
main effect of test group was also confirmed, F(2, 87) = 4.77,
ηp
2 = .10. Pairwise comparisons using a Bonferroni correction

revealed that slower reading times were associated with identi-
cal testing (M = 4,411 ms) than with single testing (M =
3,843 ms), t(58) = 2.62, d = 0.68. No other comparisons were
significant. Finally, the interaction between test and item type
was significant, F(4, 174) = 3.48, ηp

2 = .07.
As is demonstrated in Table 1, participants in the identical-

test group took significantly longer to process sentences con-
taining misinformation than sentences containing consistent,
t (29) = 3.16, d = 0.62, and neutral information t (29) = 5.64,
d = 0.95. Participants in the related-test group also took longer
to read sentences with misleading details than control
sentences, t(29) = 5.01, d = 0.60, and marginally longer times
for misleading than consistent, t (29) = 2.01, p = .04. Finally,
for single-test group, there was a small difference in reading
times associated misleading and control trials, but this com-
parison failed to reach statistical significance. These analyses
suggest that the type of immediate test may have an important
effect on the processing of misleading details. Specifically, the
largest difference between control and misleading sentence
processing was found in the identical-test group. Three sepa-
rate secondary 2 (testing: identical – related, identical – single,
related – single) × 2 (item type: control, misleading) ANOVAs
confirmed that the magnitude of the difference in reading
times was greater in the identical-test group than in the
related-test group, F(1, 58) = 5.35, ηp

2 = .08, and greater in

the identical-test group than in the single-test group, F(1, 58) =
10.55, ηp

2 = .15. Finally, this interaction was only marginally
significant when the related- and single-test groups were com-
pared, F(1, 58) = 2.21, ηp

2 = .05.

Discussion

Similar to Experiment 1, Experiment 2 demonstrated that
immediate testing affected final-test responses on misleading
trials. In Experiment 2, participants who took an immediate
test were more likely to report either information from the
video or the narrative than participants who did not take an
initial test. In addition, the reading time results in Experiment
2 provide some support for the attention allocation hypothesis.
That is, immediate testing affected the processing of details in
the postevent narrative. The degree of the effect was depen-
dent on type of test. Specifically, all groups demonstrated a
difference in reading times between sentences that included
misleading as compared to neutral details. The magnitude of
that difference was dependent on testing condition. This dif-
ference was smallest when participants did not take an imme-
diate test, and was greatest when the immediate test was
identical to the final test and tested details that were later
manipulated in the narrative. These data suggest that informa-
tion that may be initially retrieved, and then later contradicted
in the narrative, may capture attention and thus slow reading.
These ideas will be elaborated upon in the General Discussion.

Experiment 3

Results from Experiment 2 suggest that immediate testing
resulted in changes in the allocation of attention to details in
a posttest narrative. These findings are novel and offer a new
approach to the study of misinformation, testing effects, and
RES. As such, one of the primary goals of Experiment 3 was
to replicate the findings of Experiment 2. Identical-test,
related-test, and standard misinformation groups were again
compared. The allocation of attention within the postevent
narrative was again measured using reading time data. In
addition to this replication, Experiment 3 addressed the ques-
tion of whether this shift in narrative processing also affected
access to originally encoded memories.

Research using the RES method has demonstrated that
immediate testing affected not only the later production of
misinformation on a final test, but also the accessibility of the
originally learned information. Changes in accessibility
resulted in significant reductions in accuracy on misleading
trials. Chan et al. (2009) hypothesized that immediate testing
reactivates participants’ memories for the original event.
Reactivation places those memories into a labile state,
resulting in increased susceptibility to interference and acces-
sibility disruption. In support of this argument, Chan et al.

Table 1 Mean reading times in milliseconds, by item type and group

Item Type
Consistent Control Misleading

Experiment 2

Single 3,850 (161) 3,678 (166) 4,003 (154)

Related 3,827 (150) 3,505 (185) 4,104 (178)

Identical 4,323 (175) 3,884 (199) 5,025 (238)

Experiment 3

Single 4,121 (212) 4,584 (245)

Related 3,566 (125) 4,133 (146)

Identical 3,730 (148) 4,822 (214)

Standard errors are in parentheses
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(2009) found that participants in an identical-testi group were
less likely to retrieve the originally witnessed details on a
modified–modified free recall (MMFR; Barnes &
Underwood, 1959) test after misinformation than after no
misinformation. In contrast, participants in a standard
misinformation group were as likely to retrieval correct details
after misinformation as after no misinformation under the
same final-testing constraints. Thus, the testing group demon-
strated disruptions in accessibility that were ameliorated by an
MMFR test in the standard misinformation group.

Chan et al. (2009) argued that accessibility disruption in the
misinformation paradigm is a consequence of immediate re-
trieval. However, accessibility disruption has not been consis-
tently demonstrated in RES studies. For example, Thomas
et al. (2010) found that when participants were warned about
the validity of the narrative before the final test, accessibility
disruption was diminished. Similarly, in Experiment 2 of the
present study, participants did not demonstrate accessibility
disruption for memory for the original event after misleading
information, even though they did demonstrate greater
misinformation production. That being said, accessibility dis-
ruption for memory for the original event after immediate
testing was found in the present Experiment 1.

One of the goals of Experiment 3 was to further investigate
original memory accessibility in a RES paradigm. In
Experiment 3, we employed an MMFR final test similar to
that used by Chan et al. (2009): Participants were encouraged
to retrieve memories from the original video as well as mem-
ories from the postevent narrative. We hypothesized that im-
mediate testing would direct attention resources to new infor-
mation in the narrative, thereby improving encoding and
strengthening the representation of that information in mem-
ory. The results from Chan et al. suggest that under the
constraints of MMFR testing, participants who take an imme-
diate test learn posttest information better, but have reduced
access to the original information when compared to those
who did not take an initial test. We tested this hypothesis by
comparing circumstances in which participants were able to
retrieve only the original information, only the narrative in-
formation, or both the narrative and video information.

Method

Participants A total of 121 undergraduate students from Tufts
University participated for course credit.

Materials and procedure Consistent trials were not relevant
for any hypothesis in Experiment 3, so these trials were
removed. Thus, the experimental design was a 3 (testing:
related, identical, single) × 2 (item type: control, misleading)
mixed design. The presence/type of the initial test was manip-
ulated between subjects, whereas item type was manipulated
within subjects.

The materials and procedure of Experiment 3 were similar to
those used in Experiment 2. The only difference in procedure
was the final testing, and the only difference in materials was
the elimination of consistent item trials. Instead, the experi-
ment included 12 control and 12 misleading trials.
Furthermore, in this experiment, Set A and Set B questions
were counterbalanced, such that half of the participants re-
ceived Set A questions on the initial test, whereas the other
half received Set B questions on the initial test. Item type was
also counterbalanced.

After video presentation followed by immediate testing or
a filler task, and the distractor phase, participants were
presented with the narrative. The narrative was presented
sentence by sentence, and the average critical sentence length
was 15 words (SD = 3.2). After the narrative, all participants
completed the same demographic questionnaire and
synonym/antonym test, as in Experiment 1. Finally, all partic-
ipants were given the MMFR test (Barnes & Underwood,
1959). Under these testing constraints, participants were en-
couraged to provide both the item from the video and the item
from the narrative. This procedure allowed us to examine the
effect of repeated testing on original memory accessibility.
Not only were we able to assess the number of misleading
details reported by each group on the final test, we were also
able to determine whether the misleading information was
supplementing, rather than replacing, original event memory.
When they received the instructions for the MMFR test,
participants were informed that they could potentially remem-
ber two different pieces of information in association with a
given question, but to provide information from the video
first. If participants only remembered one answer, they were
instructed to indicate only one answer. Participants were given
a practice question to orient them to the format of the MMFR,
and then they began the test.

Results

Cued recall Figure 3 illustrates the recall probabilities when
participants were only able to recall one answer. This presen-
tation is analogous to the recall probabilities presented in
Experiments 1 and 2, with the primary difference being how
responses were categorized. In Experiments 1 and 2, partici-
pants were asked to respond with only the originally presented
information from the video. If participants responded with this
information, their response was correct. If they responded with
information from the narrative, they provided misinformation,
and their response was scored as incorrect. In Experiment 3,
participants were encouraged to respond with any information
that could be associated with a question. If two answers came
to mind, participants were instructed to provide both; however,
the likelihood that two answers would come to mind was
dependent on several factors. One factor was item type. For
answers associated with control items, participants were only
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exposed to one possible answer, so they would only have
access to one response. On misleading trials, participants were
exposed to two different pieces of information; however, par-
ticipants could report them only if both pieces had been
encoded, and if both pieces remained accessible at retrieval.
In our first analysis, we examined situations in which partici-
pants provided only one response. The data displayed in Fig. 3
are based on this analysis.

A 3 (testing: single, related, identical) × 2 (item type:
control, misleading) × 2 (responding: narrative-only, video-
only) mixed design ANOVA revealed a main effect of item
type, F (1, 118) = 11.35, ηp

2 = .09. Averaging across response
types and test groups, participants produced proportionally
more information on control (M = .33) than on misleading
(M = .28) trials. We also found a main effect of responding,
F(1, 118) = 311.11, ηp

2 = .72. Averaging across item types and
test groups, we found that participants produced proportion-
ally more video-only (M = .46) responses, as compared to
narrative-only responses (M = .15). This finding is not sur-
prising, as on control trials participants were not exposed to
new information in the narrative; thus, it was highly unlikely
that narrative information would be produced on control trials.
The main effect of testing was also significant, F(2, 118) =
7.55, ηp

2 = .11. Averaging across responding and item types,
we found that proportionally more information was provided
by participants in the single-test group (M = .33) than in the
related-test (M = .31) or identical-test (M = .27) groups.
However, only the difference between the single and identical
groups reached significance using a pairwise comparison with
a Bonferroni correction, t (78) = 3.91, d = 0.85.

More importantly, the interaction between responding and
testing was significant, F(2, 118) = 4.47, ηp

2 = .07. As can be
seen in Fig. 3, narrative-only responding was unaffected by

testing. That is, on both control and misleading trials, the
likelihood of producing a response from the narrative was
unaffected by immediate testing. On the other hand, partici-
pants in the single-test group provided proportionally more
video-only responses (M = .52) than did participants in the
related-test (M = .46) or identical-test (M = .39) groups, again
collapsing across item types. The differences between the
single and identical groups and between the related and iden-
tical groups reached significance using pairwise tests with a
Bonferroni correct, t (78) = 3.61, d = 0.86 ; t (81) = 2.68, d =
0.67. The interaction between item type and testing was also
significant, F(2, 118) = 3.27, ηp

2 = .05. Whereas no group
differences emerged for information provided on control tri-
als, participants in the single-test group provided proportion-
ally more information on misleading trials (M = .34) than did
participants in the related-test (M = .27) and identical-
test (M = .25) groups. The differences between single- and
identical-test group responding, as well as between single- and
related-test group responding, reached statistical significance,
t (78) = 3.75, d = 0.90; t (77) = 2.96, d = 0.80. Finally, the
interaction between responding and item type was significant,
F(1, 118) = 219.49, ηp

2 = .65; however, this effect was driven
by the expectedly low level of narrative-only responding on
control trials.

On the surface, these data suggest that under the constraints
of an MMFR test, participants in the identical-test group
demonstrated greater disruptions in accessibility to informa-
tion from the video on misleading trials than did participants
in either of the other test groups. As Fig. 3 illustrates, video-
only responding on misleading trials was significantly lower
for participants who took an immediate test than for those who
only took one, final test. This finding is supported by the
interaction between responding and testing. However, to con-
clude that testing disrupted access to video information on
misleading trials is premature.

Importantly, under the constraints of an MMFR test, par-
ticipants are encouraged to respond with multiple answers.
Although the analysis described above was performed to
examine situations in which participants could not produce
two answers, it purposely omitted situations in which partic-
ipants were able to provide both pieces of information.
Participants had the opportunity to provide two pieces of
information only on misleading trials; therefore, the following
analysis is confined only to these trials. A one-way ANOVA
comparing test groups on their ability to produce both the
narrative and video responses on misleading trials showed a
main effect of testing, F(2, 118) = 10.70, ηp

2 = .15. Participants
in the identical-test group (M = .38) produced more video and
narrative responses than did participants in the related-test
group (M = .25), t(81) = 2.26, d = 0.48. Likewise, participants
in the related-test group produced more video and narrative
responses than did those in the single-test group (M = .13),
t(77) = 2.38, d = 0.60. These data suggest that immediate

Fig. 3 Mean probabilities of responding with video-only or narrative-
only information on the modified–modified free recall test, as a function
of test group and item type in Experiment 3

Mem Cogn

Author's personal copy



testing helped participants learn both the video and conflicting
narrative information. As Fig. 4 illustrates, the amount of
learning, as measured by “both” responding in theMMFR test,
was dependent on the type of initial recall.

Reading time Reading times were examined using a 3 (test-
ing: related, identical, or single) × 2 (item type: control, or
misleading) mixed design. A main effect of item type was
found, F (1, 118) = 50.29, ηp

2 = .30: Participants spent more
time reading misleading sentences (M = 4,514 ms) than con-
trol sentences (M = 3,797 ms) (see Table 1). In addition, we
found an interaction between item type and test, F(2, 118) =
3.89, ηp

2 = .06. Planned comparisons with a Bonferroni correc-
tion showed that participants spent more time processing
sentences with misleading details than control sentences in
both the identical-test group, t (41) = 6.28, p < .001, d =
0.97, and the related-test group, t(40) = 4.55, p < .001, d =
0.71. With Bonferroni correction, the difference did not reach
significance for single-test participants, t(37) = 2.16. As in
Experiment 2, we conducted three separate secondary 2 (test-
ing: identical – related, identical – single, related – single) × 2
(item type: control, misleading) ANOVAs to examine the
magnitudes of the differences in reading times between testing
group pairs. This difference was greater in the identical-test
group than in the related-test group, F(1, 81) = 6.01, ηp

2 = .07,
and greater in the identical-test group than in the single-test
group, F(1, 78) = 5.32, ηp

2 = .06. Finally, this interaction was
not significant when the related- and single-test groups were
compared, F < 1.

Discussion

Experiment 3 confirmed results in Experiment 2. Reading times
were significantly slower for misleading sentences than for
control sentences in the identical as compared to the other

testing groups. These results suggest that testing directs atten-
tion to inconsistent information, thereby increasing the likeli-
hood that it is better learned and remembered. Experiment 3
also confirmed that initial testing did not result in impaired
access to the original event. We found that, whereas initial
testing affected learning of the information in the narrative, as
was shown by increased production of misleading details in the
identical- and related-test groups (see Fig. 4), it did not reduce
access to video information when participants were given the
opportunity to produce more than one response on the final test.

Interestingly, when participants were able to access only one
response, participants in the standard misinformation condition
(e.g., single test) demonstrated the best memory for the original
event (see Fig. 3). That is, on misleading trials, participants in
this group produced the highest proportion of video-only re-
sponses. In isolation, these data would suggest that immediate
testing negatively impacted access to the video information.
However, a separate analysis on responses when both the video
and narrative information was provided revealed that immedi-
ate testing improved access to both the video and narrative
information on misleading trials. Furthermore, the amount of
information retrieved was dependent on the type of initial test,
with identical testing resulting in the greatest access to both
video and narrative information. The implications for these
results are presented in the General Discussion.

General discussion

Research examining immediate testing in the misinformation
paradigm has yielded conflicting results. When immediate
testing is unconstrained, misinformation susceptibility has
been shown to diminish (Gabbert et al., 2012). However, when
immediate testing required participants to retrieve details later
manipulated, misinformation susceptibility has been shown to
increase (e.g., Chan et al., 2009). The primary motivation of
the present study was to examine the complex relationship
between immediate retrieval, postretrieval learning, and origi-
nal memory access. By manipulating what kind of information
was initially retrieved, we found that the magnitude of RES
was influenced by the retrieval or attempted retrieval of details
later manipulated in the narrative. Furthermore, we found that
testing before misleading postevent information affected atten-
tion allocation to the postevent narrative. Finally, we found that
retrieving event details prior to learning new information did
not impair access to the originally learned information, but
rather enhanced learning of postevent information.

Testing before misinformation

Testing of original event retention before the introduction of
misinformation affected how that misinformation was
processed. This finding was described as an enhanced

Fig. 4 Mean probabilities of responding with both video and narrative
information on the modified–modified free recall test, as a function of test
group on misleading trials in Experiment 3
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suggestibility phenomenon, and was thought to depend on
retrieval or attempted retrieval of details later distorted
through misinformation. However, the present study demon-
strated that retrieval or attempted retrieval of critical details
was not necessary for RES. Rather, RES resulted, albeit to a
lesser degree, when participants were tested on the original
event, but not required to retrieve critical details. This finding
is contrary to our original hypothesis. It is important to note,
however, that whereas retrieval of critical details is not re-
quired for RES (as RES was observed in the related-test
group), it does enhance RES. That is, larger effects were
observed in the identical-test than in the related-test group.
In addition, we found that under MMFR testing constraints,
the participants who took an immediate test demonstrated
better memory for the postevent narrative and the original
event than did participants in a standard misinformation
group, who only took one final test. These results suggest that
when the final test induces a more careful search of memory,
the benefits of testing may be revealed. When participants are
given a forced cued-recall test as the final test, as in most RES
studies, retrieval fluency may underlie responding (e.g.,
Thomas et al., 2010), resulting in misinformation-like effects.
When final testing is less constrained, participants may be
more likely to evaluate and withhold information (e.g.,
Gabbert et al., 2012). Research has demonstrated that more
challenging retrieval tasks force participants to carefully eval-
uate retrieved details, resulting in improved accuracy (see
Bulevich & Thomas, 2012, for a recent example).

Although the results of the present study suggest that
retrieval of critical details may not be a requirement for
enhanced suggestibility effects, we cannot be certain that
related-test participants did not covertly retrieve these details.
In fact, some researchers have contended that even in the
absence of initial testing, the narrative itself serves as a form
of covert retrieval (Hupbach, Gomez, Hardt, & Nadel, 2007).
Moreover, according to associative memory theories such as
Act-R (Anderson, 1996) and SAM (Raaijmakers & Shiffrin,
1981), materials such as those designed in the related-test
group may facilitate retrieval of related information (e.g.,
Chan, McDermott, and Roediger, 2006). That being said, the
finding that attempted retrieval of critical details was not
necessary for RES fits well within a broader literature on the
benefits of prior testing on later learning. For example,
Wissman, Rawson, and Pyc (2011) demonstrated that the
retrieval of prose material enhanced learning of subsequent
related material. This study extended Tulving and Watkins’s
(1974) earlier work to prose material, and supports our con-
clusion that enhanced learning in a misinformation para-
digm—termed enhanced suggestibility—can occur even
when initial testing does not required the retrieval of later-
manipulated details.

Retrieval attempts may enhance subsequent learning
through a general error correction process (Carrier & Pashler,

1992; Kang et al., 2011; McClelland & Rumelhart, 1985).
When participants produce a response that is later contradicted,
the discrepancy may produce an error signal, activating a
general error correction mechanism. This mechanism may
influence encoding strategies directed to new learning
(Carpenter, 2012; Pyc & Rawson, 2012). The reading time
data in Experiments 2 and 3 support the conclusion that dis-
crepancies in originally retrieved information and postevent
information may influence attention and encoding. That is,
because the identical-test groups spent more time reading
sentences that introduced new (e.g., misleading) information
subsequent to the initial test, it is plausible that a more active
encoding process was engaged on these trials. However,
whereas the present study suggests that changes in attention
allocation may influence RES, our data also suggest that this is
not the only mechanism that results in enhanced suggestibility.
Similar levels of misinformation production were found in the
related-test groups and in the identical-test groups, yet the
reading time patterns were dissimilar. Participants in the
related-test groups evidenced a reading time pattern closer to
that observed in the single-test groups. In any case, it appears
that attention may moderate the RES effect.

A second possible explanation for the finding that testing
previously learned information assists in the learning and re-
tention of later information is that intermittent testing prevents
the buildup of proactive interference (Szpunar, McDermott, &
Roediger, 2008). This proposal suggests that the benefit pro-
vided by testing after each list allows participants to segregate
lists and distinguish them from one another during final recall.
In other words, intermediate testing increases source discrimi-
nation (Johnson, Hashtroudi, & Lindsay, 1993). This proposal,
of course, assumes that both old and new information are
retained in memory. We know from the present results that this
holds true in the RES paradigm.

Retrieval-enhanced learning

Perhaps it is best to reconceptualize retrieval-enhanced sug-
gestibility as retrieval-enhanced learning . The present find-
ings suggest that retrieval may not impair memory for the
original event, but rather may enhance learning of new infor-
mation. Evidence of this conclusion comes from the MMFR
data. Participants in the repeated-testing groups were more
likely to remember original and new details than were the
standard misinformation participants. That being said, in the
present study we did not directly examine whether participants
remembered the source of details retrieved. Participants were
instructed to respond with information from the video first;
however, a careful source-monitoring test was not performed.
It is possible that participants may have remembered two
different details but were uncertain as to the source of those
details. However, research has supported the conclusion that
MMFR testing actually encourages source discrimination
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(Hicks & Marsh, 1999; Marsh, Landau, & Hicks, 1996).
Although an MMFR task may encourage source discrimina-
tion, the present study did not require source recollection.
Thus, in the present MMFR test, it is possible that discrimi-
nation was not necessary.

In a recent article, Chan, Wilford, and Hughes (2012)
found that initial testing did not enhance source memory,
but rather increased the likelihood of participants erroneously
reporting that misinformation was presented in both the nar-
rative and video. These data suggest that participants may
incorporate details from the narrative into their memory for
the video. However, when participants were required to des-
ignate either the narrative or the video as the source of a
particular memory, and the “both” response was no longer
an option, participants in the repeated-test group attributed
more misleading details to the narrative than did participants
in the standard misinformation group. The results of Chan
et al. (2012) are consistent with the present finding that when
participants take a test before receiving new information, they
are better able to learn that new information. The present study
extends Chan et al.’s (2012) findings by demonstrating that
the enhanced learning of new details from the narrative does
not reduce accessibility of originally learned details. Rather,
new details may be assimilated into memory for the originally
witnessed event, resulting in a memorial association between
a specific cue and two possibly conflicting targets.

The RES effect, as measured by a decrease in production of
details associated with the original event on a final test, was
greatest in the identical-test group (Exp. 1). These results are
consistent with previous RES effects, and suggest that immedi-
ate identical testing may increase misinformation effects by
disrupting access to the original event. RES, andmisinformation
effects, can also be measured by examining the proportions of
misleading details that participants produce on a final test. In
three experiments, we found that immediate testing resulted in
greater misinformation production than what we found when
participants took only one final test. That is, when participants
were incorrect on misleading trials, they were more likely to
answer questions with details from the narrative if they took an
immediate test (Exps. 1 and 2 only). Furthermore, in Experiment
3, in which participants had the opportunity to include both
video and narrative details on a final MMFR test, greater pro-
portions of both of these kinds of details were provided by
participants who took some kind of immediate test. These results
support an error correction theory for enhanced posttest learning
(cf. Carrier & Pashler, 1992; Kang et al., 2011; McClelland &
Rumelhart, 1985).

The present results also suggest that access to originally
learned information may be dependent on the type of imme-
diate test, the way in which new learning is presented, and the
options given to participants on the final test. In Experiment 1,
when immediate and final test were identical, participants
demonstrated the greatest misinformation effect. They were

less accurate on misleading trials and more likely to produce
misinformation. However, the phenomenon was mitigated in
Experiment 2 when the narrative presentation was shifted
from self-paced pages presenting multiple paragraphs to
self-paced single sentences. These results suggest that narra-
tive presentation may influence RES. Sentence-by-sentence
presentation may have influenced the encoding of contextual
and perceptual cues that were useful in segregating video and
narrative information. When participants were given an
MMFR test after self-paced learning (Exp. 3), we found the
strongest evidence for retrieval enhanced learning. That is,
immediate testing improved memory access to both the orig-
inal and postevent information. This was true in both kinds of
testing conditions, but strongest when the immediate and final
tests were identical.

Conclusions

Does retrieval help or hurt eyewitnessmemory? The answer to
this question is nuanced. Retrieval has both positive and
negative consequences in this context. First, retrieval pro-
motes new learning. Unfortunately, when new and incorrect
information is presented, that may introduce memory
reporting errors. Across three experiments, we found that
participants who engaged in immediate retrieval were more
likely to produce misleading details on a final test, regardless
of whether the details retrieved on immediate test were later
contradicted in the narrative. That being said, by changing the
nature of the final test and giving participants the opportunity
to report multiple targets in association with a particular cue, a
different pattern emerged: Immediate testing enhanced learn-
ing of misinformation without impairing access to memory for
the original event. We can conclude from the present findings
that individuals who witness an event, are tested on the event,
and then receive misinformation about the event in the form of
a narrative spend more time processing the misinformation in
the narrative than do individuals who were not given an initial
test. This difference in processing results in enhanced
learning.
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