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ABSTRACT OF THE DISSERTATION 

 

Retrieval-Enhanced Suggestibility: Experimentation and Meta-Analysis 

by 

Brendon Jerome Butler 

Doctor of Philosophy in Psychological Science 

University of California, Irvine, 2020 

Distinguished Professor Elizabeth F. Loftus, Chair 

 

Retrieval-enhanced suggestibility (RES) refers to the finding that immediately recalling 

the details of a witnessed event can increase susceptibility to later misinformation. This finding 

is particularly surprising considering decades of research on the testing effect, which shows that 

retrieval practice enhances memory and protects learners against subsequent memory intrusions. 

Although many researchers have found RES effects in their experiments, many investigations 

into RES have yielded mixed or null results. Thus, retrieval-enhanced suggestibility is an 

intriguing finding deserving of empirical review through meta-analysis. The objectives of this 

dissertation are to: (a) test retrieval-enhanced suggestibility through experimentation in two new 

contexts; (b) identify the overall size of the retrieval-enhanced suggestibility effect; and (c) 

identify the methodological factors that moderate the size of the effect. 
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INTRODUCTION 

 

A century ago, Arthur Irving Gates (1917) showed that immediate testing improves later 

recall of studied or learned material. Since then, numerous studies have shown this same testing 

effect. Researchers have examined the memorization of word lists (Brewer, Marsh, Meeks, 

Clark-Foos, & Hicks, 2010; Pastötter, Schicker, Niedernhuber, & Bäuml, 2011; Tulving & 

Watkins, 1974), picture lists (Wheeler & Roediger, 1992), face-name patterns (Weinstein, 

McDermott, & Szpunar, 2011), and written narratives (Glover, 1989; Roediger & Karpicke, 

2006). For all these different types of tested materials, the results remain consistent: testing 

enhances learning and memory for practiced material.  

 Testing is also known to help protect against retroactive interference, where newly 

learned information interferes with memories for previously learned material (e.g. Brewer et al., 

2010; Chan & McDermott, 2007; Jang & Huber, 2008; Szpunar, McDermott, & Roediger, 2009; 

Weinstein et al., 2011). Some researchers believe testing also protects against proactive 

interference by improving source discrimination (Weinstein et al., 2011). According to this view, 

testing helps individuals isolate discrete sets of information (e.g. specific word lists) from one 

another, which improves speed and accuracy during retrieval. Alternatively, Pastötter et al. 

(2011) proposed that initial testing improves the encoding process of the learned material. 

Because of this enhanced encoding, an individual’s memory is more resistant to potential 

interference from subsequent information.  

Despite the extant literature showing that initial testing buffers against proactive 

interference, there is a growing line of research surrounding an effect known as retrieval-

enhanced suggestibility, which in some ways can be thought of as a reverse testing effect (Butler 
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& Loftus, 2018). Retrieval-enhanced suggestibility, or RES, refers to the finding that 

immediately recalling the details of a witnessed event can increase an individual’s susceptibility 

to later misinformation (Chan, Thomas, & Bulevich, 2009). Some researchers believe that the 

RES effect is due to initial test questions serving as cues that guide attention to the 

misinformation (e.g., Gordon, Thomas, and Bulevich, 2015). For example, if a witness is asked, 

“What color was the robber’s hat?” on the initial test, the witness effectively receives a cue that 

the hat color is important. When the witness is later presented with post-event information, they 

will pay more attention to information concerning the hat color, which increases the likelihood of 

them learning the misinformation. Some researchers studying RES have measured increased 

attention by recording how long participants take to read the misinformation narrative and what 

is typically found is that subjects who took an initial test spend more time reading sentences that 

contain misinformation (e.g. Gordon, Thomas, and Bulevich, 2015). Unlike Gordon, Thomas, 

and Bulevich (2015), Butler and Loftus (2018) did not find that taking an initial test affected the 

time spent reading sentences containing misinformation.  

There are three main types of variables in the RES paradigm: encoding variables (e.g., 

the type of material subjects initially learned and the type of misinformation); storage variables 

(e.g., the retention interval between the initial test and misinformation exposure); and retrieval 

variables (e.g., the format of the retrieval practice). Each of the variable types have been shown 

to moderate the RES effect. LaPaglia and Chan (2013) found that initial retrieval increased 

suggestibility when later misinformation (an encoding variable) was presented via an audio 

narrative, but not when it was presented via misleading questions. The format of the final test (a 

retrieval variable) has also been shown to produce dissimilar effects in the RES paradigm. For 

example, an RES effect has commonly been demonstrated using cued recall (e.g., Chan et al., 
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2009; Gordon et al., 2015). A testing effect, however, has been found using other types of a final 

test. For example, Gabbert et al. (2012) found that free recall enhanced memory for the original 

event and LaPaglia & Chan (2012) found that initial testing increased performance on a lineup 

identification task.  

Chapter 2 of this dissertation focuses on two primary RES experiments that attempt to 

extend the effect to new contexts. The first explored the RES effect in a classic multiple-choice 

testing educational context. The second experiment aimed to determine whether retrieval-

enhanced suggestibility occurs in a lineup identification context.  

 Researchers have put forth several hypotheses as to why the RES effect occurs, but 

empirical support for the hypotheses is inconsistent.  Further, although there are many published 

studies demonstrating an RES effect, researchers have not reached convergence on the 

conditions under which the RES effect does or does not occur, how generalizable the effect is, 

and the mechanisms driving the effect. Due to the recent emergence of this phenomenon, now is 

an ideal time to perform an empirical review through meta-analysis (Chapter 3). Specifically, the 

objectives of the meta-analysis are to identify: (a) the overall size of the retrieval-enhanced 

suggestibility effect; (b) the methodological factors that moderate the effect size; (c) the 

boundary conditions of the effect; and (d) theoretical mechanisms underlying the effect.  

Chapter 1: Retrieving Information from Memory 

 

The Testing Effect 

 Over the years, research has shown that taking a test after learning new information leads 

to better long-term retention of that information. During the first phase of a typical laboratory 

experiment examining the testing effect, participants study some material for a set amount of 
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time. Following this study phase, some subjects take a practice test that assesses their learning of 

the material they just studied. Other subjects do something else, such as restudy the material, 

perform another task, or nothing at all (Adesope, Trevisan, & Sundararajan, 2017). In the classic 

Gates (1917) study, children of various ages studied nonsense syllables and short biographies. 

Then, Gates instructed some of the children to look away from the material and try to recall the 

information on their own (self-testing). Later, he tested their retention of the information. He 

found that the children that self-tested had better retention of the material than the other students. 

Gates’s work, however, was limited because young children may not have the ability to test 

themselves. More recently, one of the clearest examples of the effects of testing, restudy, or 

doing neither comes from a study by Nungester and Duchastel (1982). In their study, 97 high 

school students read passages from a history textbook. The students were then divided into three 

conditions: students in the initial test condition took a test shortly after studying the passage; 

those in restudy condition were allowed to study the passage again, and those in the control 

condition performed a filler task. Two weeks later, students were tested on their retention of the 

material. Students in the initial test condition performed the best, followed by those in the 

restudy condition than those in the control condition. That same pattern of results occurred even 

after five months, when the researchers tested the same group of students again.  

Research has also shown that repeated retrieval attempts are more beneficial than only 

one. For example, Hogan and Kintsch (1971) had subjects study a list of 40 words during the 

first study trial. One group of subjects proceeded to study the list of words for three more study 

trials, while the other group took three practice recall tests. All subjects then took a final recall 

test. They found that subjects who studied and had three recall test trials performed better on the 

final test than subjects who only had the study trials. Karpicke and Roediger (2008) examined 
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the effects of repeated study versus repeated retrieval on the learning of Swahili-English word 

pairs. They found that repeated retrieval enhanced long-term retention of the word pairs, whereas 

repeated study had no effect.  

The time between repeated retrieval attempts also matters. Duchastel (1981) had high 

school students read study a passage from a history textbook. After studying the material, 

subjects took either a short-answer test, a multiple-choice test, a free-recall test, or performed 

filler tasks. All subjects were then tested two weeks later. Duchastel found a testing effect 

(increased retention due to initial testing) for those who took the short-answer test, but not for the 

other two types of tests. Experiments by Glover (1989) examined how the number and timing of 

practice tests affect the benefits of testing. In the first two experiments, subjects studied a 300-

word essay and the parts of a flower, respectively. Subjects in the experimental conditions were 

tested on the studied material, while those in the control conditions were not. Four days after 

studying the material, all subjects then were given a final retention test. As expected, a testing 

effect was observed: subjects in the experimental conditions performed better on the final tests 

than subjects in the control condition. The fourth experiment consisted of two conditions: spaced 

test and massed test. Subjects in the massed test condition took an intervening test immediately 

after studying the material, while subjects in the spaced test condition took the intervening test 

two days after studying the material. Glover found that subjects performed best when they were 

given an intervening test two days after studying. In the final experiment, Glover examined the 

number of practice tests following study. On Day 1, all subjects were given a drawing of a 

flower and were instructed to study its different parts. Subjects were assigned to one of three 

experimental conditions: one intervening test, two intervening tests (massed), two intervening 

tests (spaced). The next day (Day 2), subjects in the one intervening test condition were tested on 
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the different parts of the flower, and subjects in the massed condition took the intervening test 

twice (the second right after the first). Subjects in the spaced condition took the intervening test 

once on Day 2 and again on Day 3. On Day 5, all groups (including a control condition) took the 

final retention test. Glover found a standard testing effect: subjects who took at least one test 

performed better than control subjects on the final test. Subjects who took two spaced 

intervening tests performed best, and there was no statistically significant difference in 

performance between the massed and one test groups.  

Wheeler, Ewers, and Buonanno (2003) studied the effects of repeated testing and 

repeated studying, with particular interest in their differential effects on the rate of memory 

decay. In their first experiment, subjects studied a list of 40 words. Subjects in the repeated test 

condition took three recall tests (spaced roughly three minutes apart) before taking a final recall 

test either five minutes or 48 hours after the final test. Subjects in the repeated study condition 

had three additional study sessions before taking a final recall either five minutes or 48 hours 

after the final test. Wheeler and colleagues found that after five minutes, subjects in the repeated 

study condition were able to recall more words (M ≈ 14) on the final test than those in the 

repeated test condition (M ≈ 9). At 48 hours, there was no difference between the two groups. 

The second experiment was very similar to the first except for two changes: the final recall test 

was now after seven days (instead of 48 hours), and each group had an extra study or test trial 

(depending on condition). Like in Experiment 1, repeated study subjects performed better (M ≈ 

21) after five minutes than repeated test subjects (M ≈ 12). Seven days later, however, the 

repeated test subjects performed better (M ≈ 9) than those with multiple study sessions (M ≈ 6). 

Together, these results demonstrate two interesting findings. First, after a very brief retention 

interval, multiple study sessions can be more beneficial than multiple test sessions. Second, after 
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a longer retention interval, there was either no difference between groups (after 48 hours) or 

multiple test sessions led to better performance than multiple study sessions (after seven days). 

Similar results were found by Roediger and Karpicke (2006). They had subjects study a 

scientific passage and then either write down as much as they could about the passage (free recall 

test) or restudy the passage. Subjects were then given a free recall test five minutes, two days, 

and seven days later. Like Wheeler and colleagues (2003) they found that after a very short delay 

(five minutes), the restudy group performed better than the retest group. However, two and seven 

days later, the trend reversed: subjects who were tested after studying the passage performed 

better. 

Providing learners with the correct answer following a retrieval attempt has been shown 

to enhance the testing effect (Roediger and Butler, 2011). Pashler and colleagues (2005) 

presented subjects with Luganda-English word pairs. After two presentations, subjects were 

tested twice and given corrective feedback for both correct and incorrect responses. The 

researchers found that providing corrective feedback following incorrect responses dramatically 

improved final retention of the word pairs. Corrective feedback is believed to enhance learning 

by helping the test-taker correct the errors that were made on the test (Roediger and Butler, 

2011).  

While there has not been much debate whether feedback is beneficial to learning, 

researchers do hold different views about the timing of the feedback. Kulik and Kulik (1988) 

conducted a meta-analysis on the timing of feedback on verbal learning. They found immediate 

feedback to be more beneficial than delayed feedback, concluding, “to delay feedback is to 

hinder learning.” (Kulik and Kulik, 1988, p. 94). More recent research, however, has shown that 

delayed feedback can be beneficial for learning. For example, Butler, Karpicke, and Roediger 
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(2007) examined the type and timing of feedback on learning from multiple-choice tests. 

Subjects were given feedback immediately or after a 10-minute distractor task. The type of 

feedback was varied: some subjects received standard corrective feedback, while other subjects 

were allowed to keep answering until they chose the question correct (answer-until-correct-

feedback). Subjects took a final test the following day. Although they did not find feedback type 

to make a significant difference, they did find that subjects who received delayed feedback 

performed better on the final test than those who received immediate feedback.  

Theoretical explanations. There are several classes of theories that have been put forth 

to account for the testing effect: overlearning/overexposure, effortful retrieval, elaborative 

retrieval, and transfer appropriate processing (Rowland, 2014). The bifurcation model, a 

framework for interpreting testing effect results, is also discussed. 

Overlearning/overexposure. Overlearning/overexposure refers to the study of newly-

learned information beyond the point of initial mastery. Some researchers have posited that the 

testing effect is merely the result of overexposure to the studied and later tested material (e.g., 

Thompson et al., 1978). Slamecka and Katsaiti (1988) had subjects study a list of paired 

associates, and subjects in the experimental condition were tested on subsets of the list over 

multiple sessions. They found no significant differences in the rate of memory decay between 

subjects who were tested and subjects who were not. This suggests that testing itself does not 

lead to better retention, rather, it is the overlearning of a portion of the material (Roediger & 

Karpicke, 2006).  

Effortful retrieval. Proponents of the theory of effortful retrieval (or retrieval difficulty) 

posit that the testing effect is directly related to how much effort/difficulty was involved in the 

retrieval attempt (Rowland, 2014). Some researchers (e.g. Jacoby, 1978; Karpicke & Roediger, 
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2007) suggest that as the difficulty of the retrieval attempt increases, so should the size of the 

testing effect. One way that researchers have demonstrated effortful retrieval is by increasing the 

interval between testing and retrieval (e.g. Rowland, 2014; Whitten & Bjork, 1977). For 

example, Pyc and Rawson (2009) manipulated both the intervals between study/test phases, as 

well as the number of items subjects had to correctly retrieve. Their results supported the 

retrieval effort hypothesis: as the difficulty of retrieval increased (either by longer retention 

intervals or by a greater number of items needed to be recalled), so did the magnitude of the 

testing effect.  

Although studies have demonstrated that effortful retrieval can lead to larger testing 

effects, the specific causal mechanism has not been determined. Some researchers believe that 

retrieval increases the number of retrieval routes that one can use when searching for information 

(Rowland, 2014). For example, McDaniel & Masson (1985) found that cued recall strengthened 

the memory’s representation and increased its variability (the number of ways to access the 

memory). Similar results have been found in other research (e.g. Cuddy & Jacoby, 1982; 

Glenberg, 1979).   

Elaborative retrieval. The elaborative retrieval hypothesis proposes that the act of 

retrieval results in the elaboration of a memory trace, which leads to a testing effect (Rowland, 

2014). Due to elaboration, the memory is more easily retrieved. Carpenter (2009) had subjects 

study cue-target pairs that were either strongly associated (e.g., Toast-Bread) or weakly 

associated (e.g., Basket-Bread), followed by either a cued-recall test or restudy. She found that 

retention for restudied items were similar regardless of whether they were weakly or strongly 

associated with each other. However, tested items that were weakly associated were best retained 

over time. These results support the elaborative retrieval hypothesis; weakly-associated items, 
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which required more elaborative retrieval processes, showed greater improvement as a result of 

initial testing than strongly associated items which were already well-recalled.  

Transfer-appropriate processing. The final theory of the testing effect to consider is the 

theory of transfer appropriate processing (TAP), which suggests that the testing effect is a result 

of processing similarities that result from the overlap in the initial and final tests (Rowland, 

2014). According to TAP theory, the degree of similarity between the two tests should moderate 

the strength of the testing effect (i.e. the more similar the two tests, the greater the testing effect) 

(Rowland, 2014). 

 Although transfer appropriate processing is a very intuitive theory to explain the testing 

effect, in practice the results are mixed (Rowland, 2014). As discussed previously, Duchastel and 

Nungester (1982) had students read passages, take a test, and then take a final recall test after a 

two-week delay. The final test contained both multiple-choice and short-answer questions. The 

researchers found that students who took an initial multiple-choice test performed better on the 

multiple-choice portion of the final test. Johnson and Mayer (2009) had subjects study a narrated 

animation, followed by either restudy or two types of practice tests. They found that subjects 

who took a practice-retention test after watching the animation performed the best on the final 

retention test (which was of the same format), supporting a transfer appropriate processing 

theory of the testing effect. On the other hand, some researchers have failed to find support for 

TAP theory. For example, Carpenter and DeLosh (2006) employed a fully-crossed design to 

investigate the TAP and elaborative retrieval theories of the testing effect. After studying 12 lists 

of nouns, subjects were tested on four of the lists via free recall, four via cued recall, and four via 

recognition. The remaining four lists were given an additional study period. Subjects were 

randomly assigned to one of three final test conditions: free recall, cued recall, or recognition. 



 11 

The researchers found that subjects who had matched intervening and final tests did not perform 

better than those who did not, failing to find support for TAP theory.  

In summary, the support for TAP theory is inconsistent. However, it is possible that TAP 

theory can be useful for understanding the effects of retrieval practice on suggestibility.  

 Bifurcation framework. In this framework, test and study condition items rest on 

independent probability distributions (Rowland, 2014). After restudy, all items generally 

increase in memory strength. After testing, however, there is a bifurcation such that successfully-

retrieved items increase in memory strength, while unsuccessfully-retrieved items remain the 

same. According to the bifurcation framework, the larger the proportion of successfully-retrieved 

items during an initial test, the larger the testing effect should be (Rowland, 2014). 

Unsuccessfully-retrieved items do not see any benefit of initial testing, leaving their memory 

strength static.  

Summary. In a recent meta-analysis, Rowland (2014) investigated the effect of testing 

versus restudy on retention. As expected, testing led to better retention than restudy. He did not 

find support for the TAP theory of the testing effect: the effect size for studies with matching 

initial and final tests did not significantly differ from the effect size where the two tests were 

mismatched. He did, however, find support for the retrieval effort theories of the testing effect. 

As discussed previously, according to retrieval effort theories, the magnitude of the testing effect 

is positively associated with how difficult or effortful the test is (e.g. Pyc and Rawson, 2009). 

Generally, free-recall tests are considered the most difficult, followed by cued-recall, and finally 

recognition. Rowland (2014) found that the magnitude of effect was indeed correlated with final 

test difficulty; free-recall tests produced the largest effect size (g = 0.82), followed by cued-recall 

(g = 0.72), and finally recognition (g = 0.36). In summation, the testing effect has been shown to 
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be reliable and robust. Even when varying the learning context, study materials, and test type, the 

result remains the same; after learning, testing leads to better retention than restudy (or nothing). 

Retrieval Enhanced Suggestibility  

 Given the extensive literature showing that testing leads to better memory performance, it 

is surprising that testing can lead to worse memory performance in certain conditions. 

Specifically, after encoding some information, taking an initial test can cause individuals to be 

MORE susceptible to misinformation than those who were not tested. This finding is known as 

retrieval-enhanced suggestibility (RES; Figure 1; Chan & Langley, 2011). In the initial study on 

RES (Chan, Thomas, and Bulevich, 2009), subjects watched a video of a television show that 

depicted criminal activity. Immediately after watching the video, half of the subjects were tested 

on details from the video, while the other half completed an alternate task. All subjects were later 

exposed to misinformation contained in a post-event narrative that summarized some of the 

details in the crime video. Then they took a final test on the details of the video. Chan and 

colleagues found that the subjects who took the initial test were more susceptible to 

misinformation, performing worse on the final test than those who did not take the initial test.      

 Theoretical explanations. There are three main theoretical explanations that researchers 

have put forth in an effort to explain (or, at least, partially explain) the RES effect: test-

potentiated learning (TPL), memory reconsolidation, and misinformation acceptance.  

 Test-potentiated learning. Research has shown than that testing can potentiate the 

learning of subsequent learning of new information (Pastotter and Bauml, 2014). For example, 

Wissman, Rawson, and Pyc (2011) had subjects study a three-section text describing government 

intervention in the United States labor market. Subjects in the interim test group took intervening 

free-recall tests after reading each of the three sections. Subjects in the control condition also 
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took a free-recall test after reading section three, followed by free-recall tests for sections one 

and two. The researchers found that subjects in the interim test group performed better than the 

control condition on the free-recall test for section three, although both groups took the test 

immediately after reading the section. Thus, the authors found a forward effect of testing such 

that interim testing facilitates the subsequent learning of new information (Wissman et al., 2011). 

In the context of RES, after retrieval practice the to-be-learned “new information” is the 

misinformation, which would result in an RES effect. 

Weinstein, McDermott, and Szpunar (2011) found a forward effect of testing when using 

face-name pairs. Subjects studied four lists of face-name pairs. After studying the first three lists, 

subjects in the tested condition took a cued-recall test on pairs from lists one through three, while 

subjects in the control condition performed math problems. After the fourth list, both groups 

were tested on face-name pairs from that list. Following that test, all subjects were given a 

cumulative test for all face-name pairs that they had studied. The researchers found a forward 

effect of testing; when tested on the fourth list, subjects in the tested condition performed better 

than control subjects, despite the fact that both groups took the test immediately after studying 

the list. Further, subjects in the tested condition outperformed than control subjects in the 

cumulative test as well.  
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Figure 1. Retrieval-enhanced suggestibility procedure 

 

Why does testing facilitate the learning of subsequent learning of new information? 

According the retrieval explanation, being tested on sets of information increases set 

differentiation, where memory traces for each set are enhanced and made more distinct, which 

improves recall and reduces memory intrusions (Pastotter and Bauml, 2014). Evidence for this is 

found in the aforementioned study by Wissman and colleagues (2011). While being tested on the 

fourth list, subjects in the control condition experienced approximately 12 times more prior list 

intrusions than subjects who were previously tested on lists one through three.  

 According to the encoding explanation, testing facilitates subsequent learning by 

improving the encoding of the new material (Pastotter and Bauml, 2014). Pastotter et al. (2011) 

have suggested that after studying multiple lists, intermittent testing leads to a “reset” of the 

encoding process, which makes encoding of later lists as effective as the encoding of earlier 

ones. Looking at EEG data, they found that when subjects studied multiple lists without retrieval 

between lists, there was a buildup of power in the alpha band, which led to poor recall. Other 

research has supported this view that buildup in alpha power can lead to poorer encoding of 

items (e.g. Sederberg et al., 2006). In contrast, intermittent retrieval attempts break up this 

buildup, which resets the encoding process, allowing subsequent lists to be learned as efficiently 

as prior ones (Pastotter et al., 2011).  
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 Test-potentiated learning appears to be an intuitive explanation for retrieval-enhanced 

suggestibility. After encoding the initial event the initial test facilitates learning of subsequent 

information, which in the RES paradigm is misinformation. However, test-potentiated learning in 

the RES paradigm seems to be at odds with some of the other benefits of initial test, such as 

increased list discrimination (e.g. Chan & McDermott, 2007) and a reduction in interference 

between lists (e.g. Szpunar et al., 2008). If the initial witnessed event and later misinformation 

are thought of as two separate lists of information, the intervening test should increase memory 

for both while also increasing a differentiation between the two sets of information. On the final 

test, subjects are typically instructed to answer questions based on what they saw during the 

initial witnessed event (e.g. Butler and Loftus, 2018). Thus, the intervening test should prevent 

memory intrusions from the misinformation narrative.   

 Memory reconsolidation. Once a memory trace is acquired, it stabilizes and moves into 

long-term memory. This process is known as consolidation (Dudai, 2004). Some research has 

shown that memories are not consolidated shortly after being acquired (e.g. McGaugh, 1966). 

Instead, the consolidation process has been shown to occur slowly over a span of several hours. 

During that time, our memories are susceptible both impairment and enhancement (McGaugh, 

1966). For example, Mondadori and Ducret (1991) demonstrated that the use of nootropic CGS 

5649B improved retention in mice for up to 24 hours after initial encoding. After a memory trace 

has been stored and subsequently activated, such as during a retrieval attempt, it must go through 

another round of consolidation (reconsolidation; Przybyslawski & Sara, 1997). According to the 

reconsolidation hypothesis, once stored memories are activated, they are highly susceptible to 

interference (Nader, Schafe, & Le Doux, 2000). Although the initial finding occurred in mice via 
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the loss of a previously-formed fear memory, it has been replicated in animals and in humans in 

a variety of contexts (for a review see Besnard, Caboche, & Laroche, 2012).  

 Applying the reconsolidation hypothesis to the retrieval-enhanced suggestibility 

paradigm, testing after encoding the initial event can leave the memory trace more susceptible to 

interference. While the memory is in this labile state, it is possible that the exposure of 

misinformation can disrupt the reconsolidation of the original memory trace, either leading to 

consolidation of the misinformation or misinformation intrusions at the time of recall. The 

reconsolidation hypothesis cannot (at least fully) account for the RES effect, considering 

consolidation is a process that occurs over a protracted period of time (McGaugh, 1966). In a 

typical RES study, subjects are tested immediately after encoding the initial event (e.g. Chan et 

al., 2009). Because of this narrow timeline, it is unlikely that memories have gone through 

complete consolidation and were subsequently reactivated by the initial test. Further, if newly 

acquired memories are susceptible to interference (Nader & Hardt, 2009), then everyone in an 

RES study should be more suggestible, not only the subjects who took an initial test.  

 Misinformation acceptance. Although research has shown that misleading post-event 

information can impair memory for an event (for an overview, see Loftus, 2005), some 

researchers have argued that the misinformation effect is not evidence for memory impairment 

(e.g. McCloskey & Zaragoza, 1985). For example, Belli (1989) posited that the misinformation 

effect is attributed, at least in part, to misinformation acceptance. It is possible that subjects view 

the misinformation narrative as corrective feedback, thus updating the memories with this new, 

accurate information (Chan, Manley, and Lang, 2017). It is also possible that subjects simply 

accept the details in the misinformation narrative to be true, or they fail to notice discrepancies 

between what they witnessed originally and misinformation in the post-event narrative. Despite 
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being an important determinant of misinformation acceptance, measures of discrepancy detection 

are seldom-used in misinformation research (Butler & Loftus, 2018). Loftus (1979) found that 

when subjects are presented with blatantly contradictory information, they were more likely to 

reject it and were more resistant to other pieces of misinformation. Researchers have also found 

that reading misinformation narratives more slowly is associated with increased scrutiny, which 

leads to a greater likelihood of detecting discrepancies and resisting misinformation (Tousignant, 

Hall, & Loftus, 1986).  

This finding seems relevant to – and perhaps at odds with – some RES findings, 

particularly to the results found by Gordon et al. (2015). Tousignant et al. found slower reading 

times to be associated with discrepancy detection and increased resistance to misinformation, 

while Gordon and colleagues found that slower reading times lead to increased learning of 

misinformation. A relevant study is one by Butler and Loftus (2018, Experiment 1) who 

measured discrepancy detection in the retrieval-enhanced suggestibility paradigm. We found that 

discrepancy detection was a key predictor of who endorsed misinformation on the final test: 

those who noticed discrepancies between the original event and the misleading post-event 

narrative were less likely to endorse misinformation. Although the theory of misinformation 

acceptance appears to be a plausible explanation for misinformation endorsement in general, it 

cannot explain why misinformation endorsement rates are higher for participants that engaged in 

retrieval practice. 

Summary. Several theories have been put forth to explain the retrieval-enhanced 

suggestibility effect, but none of them can completely explain the exact causal mechanisms 

behind the finding. Like the many theories relating to the testing effect, it is possible that they are 
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all contributing someway to the overall RES effect. In the following section, I discuss two 

primary research studies where I try to extend the RES effect to different contexts. 

Chapter 2: Experimental Work 

 This chapter reports the results of two new RES studies; Multiple-choice testing (Butler, 

2018 Experiment 1) and Lineup Identification (Butler, 2019 Experiment 1). 

Primary Study 1: Multiple-choice testing (Butler, 2018 Experiment 1) 

 It is possible that the intensity of the RES effect — or whether it occurs at all 

— is contingent on the type of information being encoded initially; the vast majority of RES 

studies have been conducted in an eyewitness scenario, using mock crime videos (e.g. Wilford, 

Chan, & Tuhn, 2014) or slideshows (e.g. Butler & Loftus, 2018). However, the implications of 

retrieval-enhanced suggestibility might extend to a variety of contexts. Education, for example, 

is a domain where retrieval practice has perhaps the most prominent role. Pre-tests, practice tests, 

pop quizzes, and self-testing are prominent fixtures in Western schooling (Adesope et al., 2017; 

Rowland, 2014). The goal of the present research is to examine whether retrieval practice 

enhances suggestibility in a multiple-choice testing context. 

Multiple-choice testing is used heavily throughout all levels of education. Multiple-

choice tests are an attractive option for instructors because they are easier to grade and less 

subjective than other test formats (Butler, 2018). Further, students prefer multiple-choice 

questions over other formats such as short-answer and essay-type questions (Struyven, Dochy, & 

Janssens, 2005). Despite multiple-choice tests having positive memorial benefits, there are 

negative consequences of multiple-choice testing. For example, as the number of lures increases, 

so does the likelihood that a learner will select the incorrect answer on a later test (Roediger & 
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Marsh, 2005). Further, if a learner erroneously endorses a lure it can lead them to acquire false 

knowledge (Butler & Roediger, 2008). In addition to acquiring misinformation from the test 

itself, learners are at risk of acquiring faulty information from outside sources, such as study 

guides. Typically, study guides enhance learning by increasing engagement with the material and 

by presenting learners with the most important salient information (Mafinejad et al., 2014). 

However, it is possible for erroneous information in study guides or outside discussions to be 

learned as factual knowledge. The goal of the present research was to examine whether retrieval-

enhanced suggestibility occurs in a common testing paradigm. In both experiments, students 

studied 12 prose passages relating to either historical or scientific information. Half of the 

students immediately took a multiple-choice test after studying, while the other half performed 

filler tasks. Later, all participants read summaries for each of the 12 passages. Unbeknownst to 

them, four of the summaries contained erroneous information. Finally, all students took a final 

multiple-choice test that covered details from each of the 12 passages.  

The testing effect literature has shown that retrieval practice enhances memory for 

learned information and protects learners from retroactive interference. Conversely, the retrieval-

enhanced suggestibility and test-potentiated learning frameworks suggest that retrieval-practice 

will enhance the learning of subsequent misinformation. In reconciliation of these seemingly 

competing ideas, I hypothesized that positive and potentially negative effects of testing would 

counteract each other such that retrieval practice would ultimately not enhance susceptibility to 

misinformation. 

Method 

 91 undergraduate students (74 female, 16 male, 1 other) from the University of 

California, Irvine participated in this experiment in exchange for course credit (Mage = 23.57, 
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SD = 6.75). Participants were randomly assigned to one of the two conditions: control (N = 46) 

or retrieval practice (N = 45). 

 The stimuli used in this experiment were 12 prose passages used in previous testing effect 

research (e.g. Butler & Roediger, 2008; Roediger & Marsh, 2005). The passages covered 

historical topics or persons (e.g. the history of basketball, the history of education, humanitarian 

Dorothea Dix’s life story). Each passage consisted of approximately 300 words, broken into four 

paragraphs. The 12 passages were presented to participants in random order. Post-event 

information was presented to participants in the form of 12 short summaries which ostensibly 

reiterated four “key points” from each of the 12 passages. However, there was a 

“misinformation” version of each narrative that consisted of three accurate statements and one 

inaccurate statement (the misinformation). For example, the original passage would correctly 

state that Dorothea Dix was born in Maine; the accurate version of the summary would state, 

“Dorothea Dix was born in Maine”, while the misinformation version would state, “Dorothea 

Dix was born in Delaware”. Eight of the 12 passage summaries presented to participants were 

accurate, while four of the summaries were misinformation versions. In order to minimize any 

specific item effects, the computer program randomly selected which of the four summaries 

would be presented to participants in their misinformation version.  

Participants’ memory for the passages was tested using a 48-item multiple-choice test. The test 

was divided into 12 sections, one for each of the 12 passages. Each question corresponded to one 

of the key points from the corresponding passage and narrative summary. When answering each 

question, participants could select one of six possible responses: the accurate “target” response, 

the misinformation lure, or one of four neutral lures. 
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 Participants were told that they would be studying a series of passages that they would 

later be tested on. They were instructed to study the passages carefully and that they would have 

90 seconds to study each passage. After 90 seconds elapsed, the page automatically advanced to 

the next passage. Participants were then randomly assigned to either the retrieval practice or 

control condition. Participants in the retrieval practice condition took the 48-item multiple-

choice test immediately after studying the final passage, while those in the control condition 

completed a filler task (health and lifestyle surveys). Following either the initial test or filler task, 

all participants performed a series of unrelated distractor tasks (behavior and attitude 

questionnaires) to fill a 20-minute retention interval. After completing the distractor tasks, 

participants were told that they would be presented with summaries of the 12 passages they read 

earlier. The summaries were presented one at a time, and they were given a maximum of 15 

seconds to read each summary before the computer automatically advanced to the next summary. 

As detailed in Section 2.1.3, eight of the summaries were completely factual and four contained 

misinformation. After reading the final summary, participants took a final, 48-item multiple-

choice test (which was identical to the initial test taken earlier by participants in the retrieval 

practice condition). 

Results and discussion 

The primary conclusions reported here are based on the results from Bayesian statistical 

analyses. In lieu of p values, which have a number of significant limitations (see Wagenmakers, 

2007; Nuzzo, 2014), I instead report Bayes factors. The Bayes factor (BF) quantifies and 

compares the predictive fitness of two competing statistical models (Wagenmakers et al., 2018). 

In the present experiments, the two competing models are the null (H0) and alternative (H1) 

hypotheses. As an example, imagine an outcome where the Bayes factor BF10 = 5. This 
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indicates that the data are 5 times more likely under H1 than under H0. Similarly, the Bayes 

factor BF01 = 5 indicates that the data are 5 times more likely under H0 than under H1.  

Bayesian hypothesis testing and parameter estimation has many benefits in comparison to 

traditional null hypothesis significance testing (for a detailed review, see Wagenmakers et al., 

2018). Most notably, the Bayes factor quantifies the amount of evidence for the null vs. the 

alternative hypothesis. In contrast to merely “rejecting” the null hypothesis based on p > .05, the 

Bayes factor can quantify the support that the data provide the null hypothesis. All analyses 

reported in this paper were performed using the R (R Core Team, 2018) package BayesFactor 

(Morey & Rouder, 2018) and JASP (JASP Team, 2018) using the default Cauchy prior 

distribution parameters. 

As a reminder, only participants in the retrieval practice condition (from here on referred 

to as “RP participants”) took an initial multiple-choice test immediately after studying the 12 

prose passages. Performance on the initial test was quite low (M = 0.50, SD = 0.20). Participants 

endorsed misinformation lures at rates similar to chance (M = 0.16, SD = 0.14). This was 

expected, as participants had not yet been presented with the misinformation summaries. 

As predicted by the testing effect, retrieval practice participants performed much better 

on the second test in comparison to the first (Mdiff = 0.25, BF10 = 1.76e+10). A Bayesian 

repeated-measures analysis of variance indicated extreme evidence of a standard misinformation 

effect. Overall, participants performed much better on consistent trials (M = 0.75) than on 

misinformation trials (M = 0.18), BF10 = 1.74e+37. However, participants in the retrieval 

practice condition (M = 0.28) were not more likely to endorse misinformation on the final test 

than control participants (M = 0.39). A Bayesian independent samples t-test resulted in the Bayes 

factor BF01 = 1.86, which indicates that the data are 1.86 times more likely under the null 
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hypothesis that retrieval does not enhance suggestibility. In other words, the data did not provide 

evidence of an RES effect. The data did not support the hypothesis that initial testing would 

reduce retroactive interference, leading to a reduction in suggestibility. Retrieval practice (M = 

0.15) and control (M = 0.21) participants performed similarly on misinformation trials, BF01 = 

2.12.  

Participants endorsed lures on the final test 30% of the time. For participants in the 

retrieval practice condition, the odds of endorsing a lure on the final test were 3.65 times higher 

if they also endorsed a lure for the corresponding question on the initial test, OR = 3.65, 95% CI 

[2.76, 4.88].  

In summary, retrieval practice did not result in an increase in suggestibility.  

Primary Study 2: Lineup Identification (Butler, 2019 Experiment 1) 

 As mentioned previously, the majority of RES research occurs in the mock-crime 

paradigm. Despite being a large focus of misinformation research, there is a noticeable lack of 

lineup identification tasks in retrieval-enhanced suggestibility research. The lone exception 

would be in LaPaglia & Chan (2012); they had participants go through a traditional RES 

experiment, but the final test was a target-present lineup identification task. During the 

misinformation phase, the participants in the retrieval practice condition were given misleading 

details about the appearance of the suspect. The researchers found misinformation reduced target 

identifications from 23% to 12%. In an effort to extend the findings of this study, I designed an 

experiment to test whether subjects would be more suggestible when making lineup 

identifications after being shown a misleading suspect photograph.   

Method 



 24 

 137 undergraduate students from the University of California, Irvine participated in this 

experiment in exchange for course credit. Participants were randomly assigned to one of the two 

conditions: control (N = 69) or retrieval practice (N = 68). 

 The stimulus used in this experiment was a 50-second mock-crime video used in Murphy 

and Greene (2016). The video depicts a young woman entering an office and stealing various 

items and then leaving. Unbeknownst to the perpetrator, a man witnessed the crime by looking 

through a window. Immediately following the video, participants in the retrieval practice 

condition took cued-recall test based on the events that occurred in the video. Following the 

recall test, retrieval-practice participants performed two lineup identification tasks for the thief 

and the witness, respectively. The lineups were both target-present, containing the thief/witness 

and four foils. 

Post-event information was presented to participants in the form of a written 

misinformation narrative that ostensibly summarized what happened in the video. 

Accompanying the misinformation narrative were photos of the thief and the witness. However, 

the photo of the “thief” was randomized between either the actual target or one of the four foil 

photographs. Finally, all participants took a final recall test and completed the same lineup 

identification tasks that the retrieval-practice participants completed previously.  

Results and discussion 

 Participants in the retrieval-practice condition endorsed text-based misinformation at a 

higher rate than participants in the control condition — an RES effect (MRP = 0.57, MC = 0.33). 

A Bayesian independent samples t-test produced a bayes factor of 7.70, indicating moderate to 

strong evidence for the alternative hypothesis that retrieval does enhance suggestibility.  
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 When looking at the results for the thief lineup identification task, participants in the 

retrieval-practice group endorsed the foil (misinformation) at slightly higher rates than those in 

the control condition. A Bayesian independent samples t-test produced a bayes factor of 1.43, 

indicating weak evidence for the null hypothesis that there is no difference in suggestibility 

between the retrieval practice (M  = 0.69) and control (M = 0.58) conditions.  

 In summary, this experiment demonstrated that retrieval can enhance suggestibility for 

some types of information. Specifically, retrieval enhanced suggestibility for information where 

misinformation was delivered via a narrative. When misinformation was presented in the form of 

an erroneous suspect photograph, there was not enough evidence to support the claim that 

retrieval enhances suggestibility.  

 The two primary studies reported here, in conjunction with the mixed results from Butler 

and Loftus (2018), led me to believe that obtaining or replicating the RES effect was not straight-

forward. Further, when I did observe an RES effect, the effect size was often smaller than what 

other studies have reported. As a result, I chose to conduct a meta-analysis in order to obtain a 

pooled estimate of the RES effect size as well as in order to identify the variables that moderate 

the effect. 

Chapter 3: Meta-Analysis 

 In Chapter 1 I discussed the inconsistent findings in the retrieval-enhanced suggestibility 

literature. In Chapter 2 I described two primary studies that attempted to extend RES to new 

contexts. The next step in my investigation was meta-analysis. Instead of drawing conclusions 

from a collection of individual studies qualitatively, the meta-analysis allowed me to synthesize 

and summarize the data from the available studies quantitatively. 

Moderator Variables 



 26 

 One of the primary goals of this meta-analysis was to identify the factors that moderate 

the RES effect. There are three main classes of theoretical moderators in the RES paradigm: 

encoding variables (e.g., the type of material subjects initially learned and the type of 

misinformation); storage variables (e.g., the retention interval between the initial test and 

misinformation exposure); and retrieval variables (e.g., the format of the retrieval practice). 

Additionally, I included two methodological moderators — research group and publication 

status. Table 2 contains the list of moderator variables and corresponding hypotheses.  

Report characteristics.  

Publication status. Research has shown that studies with statistically significant findings 

are more likely to be accepted for publication (see Dickersin, 2005). Researchers that find small 

or nonsignificant effects tend to simply store the results of their research in their “file drawers”, 

which leads to the scientific community only being aware of statistically significant effects 

(Rosenthal, 1979). In an attempt to combat this publication bias, I contacted researchers for 

unpublished RES studies. Publication status will be included as a categorical moderator with two 

levels: published and unpublished. Theses, dissertations, and other research reports obtained 

from researchers were coded as unpublished. Due to psychological science’s tendency to prefer 

statistically significant findings (e.g., Ferguson & Brannick, 2012; Rosenthal, 1979), I 

hypothesized that published research reports will produce larger effect sizes than unpublished 

reports.  

 Research group. A noticeable proportion of retrieval-enhanced suggestibility research has 

been conducted by the author that discovered the effect (Chan) and their colleagues (e.g. 

Bulevich, Gordon, LaPaglia, Thomas, and Wilford). Research group will be used as a moderator 

to identify whether those researchers produce studies with larger RES effects than the rest of the 
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field. I hypothesized that the Chan & colleagues research group will produce studies with larger 

effect sizes than other researchers. This hypothesis is solely driven from my observation that 

Chan and colleagues appear to produce reports with larger RES effect sizes than other 

researchers.  

Encoding variables. 

 Stimulus type. The most common stimulus used in RES research is the depiction of a 

mock crime. Chan and colleagues (2009) showed participants an episode of the television show 

24, which depicted a bank robbery taking place. They found an RES effect, similar to other 

researchers who have used mock-crime videos (e.g., Chan et al., 2012; Wilford et al., 2014). 

RES effects have also been found in studies where participants viewed mock-crime slideshows 

(e.g., Butler & Loftus, 2018; Rindal et al., 2016), learned factual information (e.g., Mullet et al., 

2014), and studied word pairs (Weber, 2012). In contrast, some studies have failed to find an 

RES effect. Huff et al. (2016), for example, found that retrieval practice reduced suggestibility. 

In the study, participants viewed a series of scenes that many common household scenes (e.g., 

bathroom, kitchen) and were told that their memories for items in the scenes would be tested. 

After completing filler tasks, participants in the testing conditions took free-recall tests for each 

scene that they viewed. They were then required to review six recall tests that were ostensibly 

completed by previous test-takers but were actually researcher-created and contained 

misinformation. Immediately after reviewing the tests, participants took a final free-recall test 

that was identical to the first. The researchers found a protective benefit of testing, such that 

participants in the testing conditions were less likely to endorse misinformation on the final test. 

In other words, the authors found the opposite of an RES effect. Stimulus type will be coded 

categorically: mock-crime video; mock-crime slideshow; factual knowledge; word pairs/lists; 
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and other. Research has shown that different types of stimuli can affect processing and 

perception of information. For example, Sundar (2000) showed that participants’ abilities to 

correctly recall news information differed based on the type of multimedia enhancements 

accompanied by it. I did not have a specific prediction about how stimulus type would moderate 

the RES effect; to my knowledge, past research has not examined the effect of different types of 

stimuli on misinformation endorsement. Thus, stimulus type was examined exploratorily. 

 Misinformation type. Misinformation is typically given to participants in the form of a 

narrative that is ostensibly an accurate summary the contents of the stimulus. Although subjects 

typically read the narrative, it is sometimes delivered auditorily (e.g., Butler & Loftus, 2018 

Experiment 3; LaPaglia & Chan, 2013). Although narratives have typically facilitated an RES 

effect, other methods of delivering misinformation have not been as successful. For example, 

Pansky and Tenenboim (2011) did not find an RES effect when misinformation was presented to 

participants via misleading questions. Similarly, LaPaglia and Chan (2013) found that retrieval 

enhanced suggestibility when misinformation was delivered via a narrative but decreased 

suggestibility when it was delivered via misleading questions. Misinformation type will be coded 

categorically: written narrative; audio narrative; misleading questions; and other. The other 

category is reserved for studies that do not present misinformation in one of the above methods. 

Memon et al. (2010), for example, had participants forcibly fabricate information after a 

Cognitive Interview. Consistent with previous research, I hypothesized that misinformation 

delivered via a narrative (either audio or written) would produce larger RES effects than 

misinformation delivered via misleading questions or other methods. When misinformation is 

delivered via a narrative, it is possible that participants view the information as corrective 

feedback, passively updating their memories with the new information. In contrast, at the time of 
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test (where performing well is important), subjects might be more discerning with regards to the 

information they are being given.  

 Stimulus and misinformation exposure duration. The most common stimulus used in RES 

research is a mock-crime video, usually either 20 or 40 minutes in length. RES effects are less 

common in studies where participants are presented with shorter stimuli (and corresponding 

misinformation narratives). Butler and Loftus (2018) found inconsistent RES effects after 

presenting participants with a pair of three-minute slideshows. Huff et al. (2016) showed 

participants six color images of common household scenes (each presented for 15 seconds) and 

found that retrieval practice reduced suggestibility. LaPaglia and Chan (2012) showed 

participants a 45-second mock-crime video and Gabbert et al. (2012) showed participants a two-

minute mock-crime video, both of which led to a reduction in suggestibility.  

 Research has shown that longer exposure time is associated with enhanced recognition 

accuracy (Palmer et al., 2013). So why, then, have studies with longer stimuli produced larger 

RES effects? The answer might be related to the length of the misinformation narrative and not 

the stimuli itself. Research has shown that receiving increasing amounts of misinformation leads 

to increased misinformation endorsement (Pena et al., 2017). The researchers hypothesized that 

this is due to increased cognitive demands participants face when being presented with a large 

amount of misinformation, which reduces their ability to detect the inaccuracies. Less 

misinformation is presented in shorter narratives, which might enable participants to more-easily 

detect inaccuracies in the information. Thus, I hypothesized that the size of the RES effect will 

be stronger with longer misinformation exposure duration. Exposure duration was coded in 

minutes as a continuous variable.  

Storage variables. 
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Delay between stimulus and retrieval practice; Delay between initial retrieval practice 

and misinformation; and Delay between misinformation and final test. Researchers have found 

RES effects whether retrieval practice is immediate or not (e.g., Chan and LaPaglia, 2013). Chan 

and Langley (2011) found that retrieval enhanced suggestibility when misinformation was 

delivered shortly after the initial test (Experiment 1) and after a one-week delay (Experiment 2). 

In contrast, Chan and LaPaglia (2013) found that the RES effect was reduced when the 

misinformation delivery was delayed by 48 hours. Research has shown that longer retention 

intervals lead to a reduction in eyewitness identification and recognition accuracy, due to the 

tendency for memories to fade and become weaker over time (e.g. Deffenbacher et al., 2008; 

Ebbinghaus, 1964; Palmer et al., 2013; Sauer et al., 2010). Thus, I hypothesized that longer 

retention intervals will be positively associated with the size of the RES effect. Each of the delay 

variables will be coded continuously as seconds.    

Retrieval variables. 

 Format of retrieval practice and final test. The prevailing form of retrieval practice in 

RES research is the cued-recall test. However, free-recall tests (e.g., Wilford et al., 2014) and 

cognitive interviews (e.g., LaPaglia et al., 2014) have also been shown to produce RES effects. 

Surprisingly, recognition tests have rarely been used as a form of retrieval practice in RES 

research. Other forms of retrieval practice have resulted in inconsistent findings. For example, 

Holliday (2003) and Gabbert et al. (2012) Cognitive Interviews did not increase susceptibility to 

misinformation. In fact, Self-Administered Cognitive Interviews in Gabbert et al. (2012) 

significantly decreased suggestibility. Retrieval practice type will be coded categorically as free 

recall, cued recall, recognition/AFC, modified-modified free recall, cognitive interview, and 

other.   
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 RES effects have been observed in most final test types: cued recall (e.g. Chan et al., 

2009); free recall (e.g., Wilford et al., 2014); recognition (e.g. Butler & Loftus, 2018); and 

modified-modified free recall (e.g., Gordon & Thomas, 2014). Despite RES effects occurring in 

various test types, not all researchers have found RES effects. The final test in Gabbert et al. 

(2012) was free recall, and they found a reduction in suggestibility. Rindal et al. (2016) failed to 

find an RES effect when the final test was recognition (although the misleading option was not 

presented, just a new lure). Final test type was coded categorically: free recall; cued recall; 

recognition/AFC; modified-modified free recall; cognitive interview; and other.  

 As discussed earlier, the effortful retrieval hypothesis states that more difficult retrieval 

attempts lead to better retention of the tested material (e.g. Jacoby, 1978). Free-recall tests are 

usually considered the most difficult, followed by cognitive interview, cued-recall tests, and 

finally recognition tests. In the RES paradigm, effortful retrieval (which leads to better 

recognition) should enhance memory performance and reduce suggestibility. Thus, I 

hypothesized that more difficult retrieval attempts will lead to smaller RES effects (in order of 

difficulty: free recall; cognitive interview; cued recall; and recognition). 

Retrieval practice – final test match. This variable will be coded categorically as same if 

the retrieval practice and final test are the same format; and different if they are not. According 

to the theory of transfer-appropriate processing, the strength of the testing effect is positively 

associated with the similarity between retrieval practice and final test (Rowland, 2014). As a 

result, I hypothesized that a match in the format of the retrieval practice and the final test will 

lead to increased memory performance, which will result in smaller RES effects.  

Warning. In misinformation research, warning participants that what they heard/read/saw 

significantly reduces the misinformation effect (for a meta-analysis on post-warning studies, see 
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Blank & Launay, 2014). A similar trend has been observed in RES research. In Thomas et al. 

(2010), after listening to the misleading audio narrative, some participants were told that the 

veracity of the narrative could not be verified. The authors found that this warning eliminated the 

RES effect. In Butler and Loftus (2018), participants were required to judge the accuracy of the 

misinformation narrative as they read or listened to it. The authors found that warning reduced 

the size of the RES effect. When participants were warned that there might be erroneous 

information in the narratives, they were more likely to detect the discrepancies and resist 

acceptance of the misinformation. I hypothesized that studies in which participants are warned 

about the veracity of the misinformation would produce smaller RES effects than studies without 

a warning. Several theories have been proposed to explain the RES effect, but none of them 

completely explain the exact causal mechanisms behind the finding. Further, methodological 

variation across studies has produced inconsistent and sometimes contradictory findings. 

Given the inconsistent findings discussed and demonstrated in Chapters 1 and 2, the 

objectives of this meta-analysis were to identify: (a) the overall size of the retrieval-enhanced 

suggestibility effect; (b) the methodological factors that moderate this effect size; (c) the 

boundary conditions of the effect; and (d) the theoretical mechanisms underlying the effect. 

Method 

 Search Strategy and Coding Procedure 

This meta-analysis followed reporting guidelines outlined by The PRISMA Group 

(Moher, Liberati, Tezlaff, Altman, & The PRISMA Group, 2009). The flowchart of the search 

and screening process can be seen in Figure 2. The official literature search was conducted via 

ProQuest’s electronic database search on August 5, 2019 and returned 733 results. The three 

databases searched were PsycINFO & PsycArticles (n = 547) and ProQuest Dissertations and 
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Theses A&I (k = 186). An overview of the terms and parameters for this literature search can be 

seen in Table 1. The search terms were: “retrieval enhanced suggestibility”; eyewitness AND 

suggestibility; eyewitness AND susceptibility; test* AND misinformation suggestibility; test* 

AND misinformation susceptibility; retrieval AND misinformation; “retrieval practice” AND 

misinformation; test* AND misinformation; "revers* test* effect"; and “RES” AND 

misinformation. Following the electronic database search, I also performed forward and reverse 

citation search on all papers included in the meta-analysis.  

In August 2019 I made a call for papers on the Psychonomic Society’s listserv and asked 

leading RES researchers (Chan, Thomas, Gordon, Bulevich, and LaPaglia) for any unpublished 

RES research; These efforts resulted in five research reports. Additionally, I contributed two of 

my own unpublished research reports. 

Table 1. Overview of literature search procedure for electronic databases 

 

Search date Search terms Electronic databases Documents retrieved

Monday, August 5, 2019 “retrieval enhanced suggestibility” or PsycINFO and 733

eyewitness AND suggestibility or ProQuest Dissertations and Theses A&I  
(2)

eyewitness AND susceptibility or
test* AND misinformation suggestibility or 
test* AND misinformation susceptibility or
retrieval AND misinformation or
“retrieval practice” AND misinformation or
test* AND misinformation or
"revers* test* effect" or
“RES” AND misinformation
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Figure 2. Flowchart of search and screening process 

 

Inclusion criteria. All studies in the present meta-analysis followed the general RES 

procedure (Figure 1). Specifically, the five necessary criteria for a study’s inclusion were: (1) all 

subjects were presented some type of stimulus material (e.g., mock crime video; 211 studies 
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removed); (2) random assignment (479 studies removed); all subjects exposed to stimulus 

material 217 studies removed); (4) all subjects were exposed to misinformation; (5) all subjects 

were tested on their memory for details in the originally-encoded stimulus (0 studies removed); 

and (6) the methods and results were reported in English (1 study removed).  

Six main types of information were recorded from each study: (1) report characteristics; 

(2) encoding variables; (3) storage variables; (4) retrieval variables; (5) participant 

characteristics; and (6) effect size. A complete list of information that was coded can and the 

coding protocol can be found in Appendix A. I coded all studies and two trained independent 

researchers each coded a random 25% of studies. Interrater reliability was k = 0.91 and all 

discrepancies were resolved through in-person discussion.  
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Table 2. Moderators, hypotheses, and study characteristics 

 

Moderators n k Hypothesis

Research Group 57 29

Chan & colleagues 36

Other researchers 21

Publication Status 57 29

Published 52

Unpublished 5

Stimulus Type 56 28

Videos and slideshows 49

Word lists/pairs 2

Pictures 5

Factual knowledge 1

Stimulus Length 56 29 Longer exposure duration times will lead to smaller RES effects

Misinformation Type 57 29

Audio narrative 30

Misleading Questions 1

Written narrative 16

Other 10

Misinformation Length 28 13 Longer exposure duration times will lead to larger RES effects

Retention Interval 1 49 24 Longer retention intervals will lead to larger RES effects. 

Retention Interval 2 49 24 Longer retention intervals will lead to larger RES effects. 

Retention Interval 3 42 22 Longer retention intervals will lead to larger RES effects. 

Retrieval Practice Format 56 29

Cognitive Interview 5

Cued Recall 39

Free Recall 8

Recognition 2

Other 2

Final Test Format 56 29

Cued Recall 42

Free Recall 6

Recognition 7

Other 1

Test Match 56 29

Match 44

No match 12

Warning 56 29

Warning 4

No warning ###

A match in the format of the retrieval practice and the final test will lead 
to increased memory performance, which will result in smaller RES effects

Studies in which participants are warned about the veracity of the 
misinformation will produce smaller RES effects than studies without a 

warning 

No prediction

Note. n  - number of effect sizes; k  - number of independent samples.          

Research reports from Chan & colleagues will produce larger RES effects 
than reports from other researchers

Published research reports will have larger RES effects than unpublished 
reports

Misinformation delivered via a narrative (either audio or written) will 
produce larger RES effects than misinformation delivered via misleading 

questions or other methods

More difficult retrieval attempts (i.e., cognitive interview, free recall) will 
lead to smaller RES effects 

More difficult retrieval attempts (i.e., cognitive interview, free recall) will 
lead to smaller RES effects 
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Effect Size Calculations 

In meta-analysis, effect sizes are used to measure the consistency of an effect across 

studies and to calculate a summary effect (the estimated mean of our sample of effect sizes; 

Borenstein et al., 2009). An effect size is a measure that quantifies the size of a relation between 

two variables or the difference between them (Coe, 2002). In this meta-analysis, the effect size 

quantifies the magnitude and direction of the difference in misinformation endorsement between 

the retrieval-practice and control condition. The most common effect size used in retrieval-

enhanced suggestibility research is Cohen’s d, which represents the standardized difference 

between means from two independent groups. It is defined as:  

𝑑 = 	!!""	!#
$%$%%&'(

 , (Equation 1) 

where MRP and MC represent the mean misinformation endorsement for the retrieval-practice and 

control condition, respectively. In the denominator, the pooled standard deviation is defined as: 

𝑆𝐷!""#$% =	%
('!"())+!"

# ,	('$())+$
#

'!",	'$(.
	,	(Equation 2) 

where nRP and nc are the sample sizes from the two groups and SRP and SC are their standard 

deviations (Borenstein et al., 2009). Because Cohen’s d tends to overestimate the true effect size 

in small samples, a correction factor J is used to reduce this bias (Borenstein et al., 2011). It is 

defined as:  

𝐽 = 1 −	 )
*+,-.

	,	(Equation 3) 
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where df is the degrees of freedom used to estimate the pooled standard deviation (nRP + nC – 2). 

The correction factor is then multiplied by d, which results in the unbiased effect size estimate, 

Hedges’ g:  

𝑔 = 𝐽 ∗ 𝐷. (Equation 4) 

All analyses were conducted using Hedges’ g, which is interpreted the same way as Cohen’s d 

(Rowland, 2014). Positive values for g indicate higher misinformation endorsement in the 

retrieval practice group, and negative values indicate higher misinformation endorsement in the 

control group.  

Statistical Approach  

I chose a random-effects model (instead of a fixed-effect model) for the present meta-

analysis. In a fixed-effect model, we assume that the estimated effects come from a single 

homogenous population (Schwarzer, Carpenter, & Rucker, 2015) Under this theoretical 

assumption, all of the factors that could influence the summary effect are identical across studies, 

with the only reason they find different effect sizes is due to sampling (i.e., estimation) error 

(Borenstein, et al., 2009). In contrast, a random-effects model estimates the mean of a 

distribution of true1 effect sizes (Borenstein et al., 2009). Under this theoretical assumption we 

acknowledge that the studies included are similar enough to be meta-analyzed, however they are 

not functionally identical. Therefore, we would expect effect sizes to differ as a result of 

different population characteristics, stimulus material, and methodological differences.  

 

1 True effect size refers to the underlying effect size in the population that would be observed if the sample size was 
infinitely large. In contrast, observed effect size refers to the effect size that was observed and reported in a research 
study. 
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I used random-effects meta-regression to estimate all effects in this meta-analysis. Meta-

regression is meta-analytic equivalent of traditional regression, where the model predicts an 

outcome Ŷ (the RES effect) as a function f(x) of the explanatory variables (the moderators). I 

estimated the overall RES effect size using an intercept-only meta-regression model. In an 

intercept-only model, the coefficient is interpreted as the estimated mean effect size and the 

associated t-statistic is used to test the null hypothesis that the effect size is equal to zero. In 

models with continuous moderators, the meta-regression coefficient represents the estimated 

amount of change in the RES effect given a one-unit increase in the moderator. In these models, 

the t-statistic is used to test the null hypothesis that the relationship (slope) between the 

moderator and the RES effect is equal to zero. A statistically significant p-value on this test 

indicates that we can reject the null hypothesis, concluding that the moderator is significantly 

associated with the outcome. In meta-regression models with categorical moderators, the 

intercept coefficient represents the estimated mean effect size for the reference group and the 

associated t-statistic is used to test the null hypothesis that the effect size is equal to zero. The 

coefficients for the other subgroups in the analysis represent the estimated difference in effect 

size between each subgroup and the reference group, and the associated t-statistics are used to 

test whether each difference between means is equal to zero. I used a Wald test to determine 

whether there is a statistically significant difference between all levels of the categorical 

moderators (Rubio-Aparicio et al., 2019).  

For each meta-regression, I used hierarchical robust variance estimation in order to 

produce robust estimates of the variance-covariance matrix of the model coefficients. Robust 

variance estimation (RVE) is used to account for the non-independence of effect sizes in meta-

analysis (Tipton, 2015). Although each effect size in the present meta-analysis is ostensibly 
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independent, there is clear non-independence that can be accounted for — specifically, many of 

the effect sizes included in the meta-analysis come from the same research report, with 

participants coming from the same pool of students at the same university. Another advantage of 

RVE is that it tends to perform better when the number of studies is relatively small (Tipton, 

2015). This is particularly useful for the current analyses as several moderators were not well-

represented in the dataset. In the hierarchical model, the RVE weight is defined as 

𝑤!" =	
#

$!"	&	'#	&	(#	
	, (Equation 5) 

where 𝑉&' is the within-study variance for the ith effect size in the jth study. Hierarchical meta-

regressions using RVE calculate two measures of variability: tau-squared (𝜏2), the between-

cluster variance component of the model; and omega-squared (ω2), the within-cluster variance 

component.  

All moderator analyses were conducted using the R packages robumeta and 

clubSandiwch (R Core Team, 2017; Fisher, Tipton & Zhipeng, 2017; Pustejovsky, 2020).  

Results 

Description of Dataset 

 In total, 57 independent effect sizes were collected from 30 research reports totaling 

4,898 participants. The breakdown of effect sizes and independent samples per moderator can be 

found in Table 2.  

Overall Effect  

A forest plot showing the distribution of observed effect sizes and the summary effect 

size can be seen in Figure 3. Overall, the mean weighted effect size for retrieval-enhanced 
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suggestibility was 0.212 (SE = 0.05, t(23.9) = 3.91, p < 0.001, 95% CI[0.12, 0.30]), indicating a 

small but positive RES effect. In many RES studies, the number of participants was determined 

by researchers performing power analyses based on medium and large effect sizes — the result 

here suggests that those studies likely have been underpowered. 

Moderator Analyses 

 Results of the moderator meta-regressions can be found in Tables 3 through 6. For each 

moderator, I performed two separate meta-regression analyses. The first meta-regression model 

is specified as the RES effect predicted by the moderator alone2. The second meta-regression 

model is specified as the RES effect predicted by the moderator plus Research Group and 

Publication Status — study level moderators — as covariates3. 

 

2 I will be using the terms moderator-only model/meta-regression and individual model/meta-regression interchangeably. 

3 Note: Research Group was also included in a meta-regression model by itself as it was the first moderator meta-regression 

conducted. 
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Figure 3. Forest plot of effect sizes 
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I chose these two moderators as covariates due to their likely ability to explain part of the 

variability in the RES effect sizes. In meta-regression, the results with degrees of freedom below 

four should not be trusted because the Type I error rate increases dramatically (Tipton, 2015). 

Due to low degrees of freedom, I collapsed three moderators into dichotomous variables: 

Stimulus Type (Videos/Slideshows vs. Other), Retrieval Practice Format (Cued Recall vs. 

Other), and Final Test Format (Cued Recall vs. Other). The results for the moderator-only meta-

regression analyses can be found in Table 3, and the results for the meta-regression analyses with 

covariates can be found in Table 4. For completeness, Table 5 contains the individual meta-

regression analyses without collapsed moderators and Table 6 contains the covariate meta-

regression analyses without collapsed moderators. 

Report characteristics. 

Research group. I hypothesized that research reports from Chan and colleagues would 

produce larger RES effects than reports from other researchers. Research group was a significant 

predictor of RES effect size. As hypothesized, studies conducted by Chan and colleagues 

produced larger effect sizes (g = 0.30, b = 0.24, SE = 0.10, t(20.2) = 2.48, p = 0.02, 95% 

CI[0.03,0.45]) than reports from other researchers (g = 0.06).   

Publication status. I hypothesized that published research reports would produce larger 

RES effects than unpublished reports. This hypothesis was not supported, with publication status 

not a significant predictor of RES effect size in neither the individual model (b = -0.02, SE = 

0.21 , t(3.59) = -0.09, p = 0.93 , 95% CI[-0.63,0.60]) nor or the covariate model (b = -0.22, SE = 

0.21 , t(5.07) = -1.05, p = 0.34 , 95% CI[-0.76,0.32]).  
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Table 3. Moderator-only meta-regression results 

 

Moderators F Coeff SE t df p 95% CI n k ω2 !2
Report Characteristics
Research Group 57 29 0.010 0.04

Chan & colleagues 0.24 0.10 2.43 20.20 0.02 [0.03,0.45]
Other researchersa 0.60 0.07 0.81 10.10 0.44 [-0.10,0.23]

Publication Status 57 29 0.010 0.05
Published -0.02 0.21 -0.09 3.59 0.93 [-0.63,0.60]

Unpublisheda 0.23 0.20 1.13 2.96 0.34 [-0.42,0.88]

Encoding Variables
Stimulus Type 57 29 0.008 0.05

Videos and slideshows 0.09 0.16 0.58 5.11 0.06 [-0.03,0.51]

Othera 0.13 0.15 0.95 3.82 0.44 [-0.30,0.57]

Stimulus Length 0.01 0.00 2.57 16.70 0.02 [0.00,0.01] 56 29 0.012 0.03
Misinformation Type 13.90 10.90 <0.001 57 29 0.000 0.05

Audio narrative 0.28 0.18 1.59 7.37 0.15 [-0.13,0.69]
Misleading Questions -0.14 0.16 -0.86 4.54 0.43 [-0.57,-0.29]
Written narrative 0.19 0.20 0.91 8.52 0.39 [-0.28,0.65]
Othera 0.01 0.16 0.09 4.54 0.94 [-0.42,0.45]

Misinformation Length 0.05 0.03 1.89 5.99 0.11 [-0.01,0.11] 28 13 0.000 0.00
Storage Variables
Retention Interval 1 b -0.05 0.02 -2.94 2.65 0.07 [-0.11,-0.01] 49 24 0.004 0.03

Retention Interval 2 c 0.00 0.00 -2.68 1.62 0.14 [-0.00,0.00] 49 24 0.020 0.03

Retention Interval 3 d 0.00 0.00 0.09 1.29 0.94 [-0.00,0.00] 42 22 0.003 0.06
Retrieval Variables

Retrieval Practice Format 56 29 0.015 0.03
Cued Recall 0.26 0.10 2.52 13.66 0.02 [0.04,0.48]
Othera 0.03 0.08 0.34 7.45 -0.16 [-0.16,0.22]

Final Test Format 56 29 0.011 0.03

Cued Recall 0.28 0.07 3.78 8.66 <0.01 [0.11,0.49]
Othera <0.01 0.05 0.05 5.35 0.96 [-0.13,0.14]

Test Match 56 29 51.190 0.05
Match 0.25 0.10 2.57 7.29 0.04 [0.02,0.47]
No matcha 0.00 0.08 0.29 4.69 0.79 [-0.18,0.23]

Warning 56 29 0.008 0.05

Warning -0.23 0.07 -3.34 1.15 0.16 [-0.86,0.41]

No warninga 0.23 0.06 3.98 23.61 <.001 [0.11,0.35]
Note. n  - number of effect sizes; k  - number of independent samples; I 2 - percentage of true heterogeneity to variance across the 
observed effect sizes; tau 2 - between-study variance in study-average effect sizes; a  - reference group (intercept); b Delay between 
stimulus and retrieval practice; c Delay between retrieval practice and misinfomation; d Delay between misinforation and final test 
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Table 4. Moderator meta-regression results with covariates 

 

 

Moderators F Coeff SE t df p 95% CI n k ω2 !2
Report Characteristics
Research Group 57 29 0.012 0.04

Chan & colleagues 0.24 0.10 2.43 20.20 0.02 [0.03,0.45]
Other researchersa 0.60 0.07 0.81 10.10 0.44 [-0.10,0.23]

Publication Status 57 29 0.020 0.03
Published -0.22 0.21 -1.05 5.07 0.34 [-0.76,0.32]

Unpublisheda 0.23 0.20 1.13 2.96 0.34 [-0.42,0.88]

Encoding Variables
Stimulus Type 56 28 0.014 0.03

Videos and slideshows -0.03 0.13 -0.21 3.16 0.84 [-0.41,0.37]
Othera 0.23 0.22 1.08 3.05 0.35 [-0.46,0.91]

Stimulus Length <.01 <.01 1.14 8.81 0.29 [0.00,0.01] 56 29 0.020 0.03
Misinformation Type 0.89 5.66 0.50 57 29 0.000 0.05

Audio narrative 0.13 0.26 0.50 7.69 0.63 [-0.47,-0.72]
Misleading Questions -0.05 0.14 -0.39 4.29 0.71 [-0.43,0.32]
Written narrative 0.14 0.23 0.59 8.37 0.57 [-0.39,0.66]
Othera 0.13 0.37 0.35 3.90 0.75 [-0.91,1.17]

Misinformation Length 0.02 0.03 0.61 2.85 0.59 [-0.09,0.14] 28 13 0.000 0.00

Storage Variables
Retention Interval 1 b -0.02 0.02 -1.18 2.92 0.33 [-0.09,-0.04] 49 24 0.019 0.02

Retention Interval 2 c <.01 <.01 -1.73 1.86 0.24 [-0.00,0.00] 49 24 0.030 0.02

Retention Interval 3 d <.01 <.01 0.47 1.41 0.70 [-0.00,0.00] 42 22 0.030 0.03

Retrieval Variables

Retrieval Practice Format 56 29 0.015 0.03
Cued Recall 0.17 0.10 1.79 8.85 0.11 [-0.05,0.40]
Othera 0.04 0.22 0.21 6.71 8.38 [-0.48,0.58]

Final Test Format 56 29 0.011 0.03

Cued Recall 0.15 0.10 1.58 8.84 0.15 [-0.07,0.38]
Othera 0.07 0.22 0.31 7.93 0.76 [-0.44,0.58]

Format Match 56 29 0.012 0.05
Match 0.11 0.11 1.00 6.83 0.35 [-0.15,0.37]
No matcha 0.12 0.23 0.51 7.49 0.63 [-0.42,0.65]

Warning 56 29 0.016 0.03

Warning -0.11 0.19 -0.60 1.25 0.64 [-1.60,1.37]

No warninga 0.23 0.20 1.13 2.96 0.34 [-0.42,0.87]
Note. n  - number of effect sizes; k  - number of independent samples; I 2 - percentage of true heterogeneity to variance across the observed 
effect sizes; tau 2 - between-study variance in study-average effect sizes; a  - reference group (intercept); b Delay between stimulus and 
retrieval practice; c Delay between retrieval practice and misinfomation; d Delay between misinforation and final test; *Research Group  was 
run as an individual model, Publication Status  was run with Research Group as a covariate, and all subsequent models were run with both as 
covariates. 
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Encoding variables. 

Stimulus type. I did not have a hypothesis for this moderator. In the individual model, 

stimulus type was not a significant predictor of the RES effect (g = 0.23, b = 0.09, SE = .16, 

t(5.11) = 0.58, p = 0.06, 95% CI[-0.03,0.51]). Studies using videos/slides (g = 0.23) and word 

lists (g = 0.80) produced larger RES effects than those using pictures (g = 0.01), although due to 

low degrees of freedom the results should not be trusted. In the model with covariates, stimulus 

type was not a significant moderator of the RES effect size (b = -0.03, SE = 0.13, t(3.16) = -0.21, 

p = 0.84, 95% CI[-0.41,0.37]). 

Stimulus length. I hypothesized that longer exposure duration times would lead to smaller 

RES effects. Contrary to this hypothesis, longer stimuli led to larger RES effects in the 

individual model, although the effect was small (b = 0.01, SE < 0.01, t(16.70) = 2.57, p = 0.02, 

95% CI[0.00,0.01]). In the covariate model, there was no statistically significant relationship (b < 

0.01, SE < 0.01, t(8.81) = 0.29, p = 0.06, 95% CI[-0.03,0.51]) . 

Misinformation type. I hypothesized that misinformation delivered via a narrative (either 

audio or written) would produce larger RES effects than misinformation delivered via misleading 

questions or other methods. In the individual model, misinformation type significantly 

moderated the size of the RES effect (F(10.90) = 13.90, p <0.001, ω2 < 0.001, 𝜏2 = 0.05). 

However, unsupportive of my hypothesis, misinformation delivered via audio narratives (g = 

0.30, b = 0.25, SE = 0.16, t(7.64) < 1.61,  p = 0.15,  95% CI[-0.11,0.63]) did not result in 

significantly larger RES effects than written narratives (g = 0.19). In the covariate model 

controlling for research group and publication status, misinformation type did not significantly 

moderate the size of the RES effect (F(5.66) = 0.89, p = 0.50, ω2 < 0.001, 𝜏2 = 0.05). 

Additionally, misinformation delivered via narrative (b  = 0.14, SE = 0.21, t(8.80) = 0.66, p = 
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0.75, 95% CI[-0.34,0.62]) did not result in significantly larger RES effects than other types of 

misinformation. 

Misinformation length. I hypothesized that longer exposure duration times would lead to 

larger RES effects. This hypothesis was not supported; misinformation length was not a 

significant moderator of the RES effect in the individual model (b = 0.05, SE = 0.03, t(5.99) = 

1.89, p = 0.11, 95% CI[-0.11,0.11]) nor the covariate model (b = 0.02, SE = 0.03, t(2.85) = 0.61, 

p = 0.59, 95% CI[-0.09,0.14]). 

Storage variables. 

Retention interval 1. Delay between stimulus and retrieval practice. I hypothesized that 

longer retention intervals would be associated with larger RES effects. In the individual model, 

the moderator approached significance, but the low degrees of freedom indicate that the result 

should not be trusted (b = -0.05, SE = 0.02, t(2.65) = -2.94, p = 0.07, 95% CI[-0.11,0.01]). 

Retention interval did not appear to moderate the RES effect in the covariate model (b = -0.02, 

SE = 0.02, t(2.92) = -1.18, p = 0.33, 95% CI[-0.09,-0.04]). 

Retention interval 2. Delay between stimulus and retrieval practice. I hypothesized that 

longer retention intervals would be associated with larger RES effects. This hypothesis was not 

supported, with the second retention interval length not significantly moderating the RES effect 

in neither the individual model (b = < 0.01, SE < 0.01, t(1.62) = -2.68, p = 0.14 , 95% CI[-

0.01,0.00]) nor the covariate model (b = < 0.01, SE = < 0.01, t(1.86) = -1.73, p = 0.24 , 95% CI[-

0.00,0.00]). 

 Retention interval 3: Delay between stimulus and retrieval practice. I hypothesized that 

longer retention intervals would be associated with larger RES effects. This hypothesis was not 

supported, with the third retention interval length not significantly moderating the RES effect in 
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neither the individual model (b = < 0.01, SE < 0.01, t(0.94) = 1.29, p = 0.94 , 95% CI[-

0.00,0.00]) nor the covariate model (b = < 0.01, SE = < 0.01, t(1.41) = 0.47, p = 0.70 , 95% CI[-

0.00,0.00]). 

Retrieval variables. 

Retrieval practice format. I hypothesized that more difficult retrieval attempts (i.e., 

cognitive interview, free recall) would lead to smaller RES effects. Due to low degrees of 

freedom, I collapsed the initial moderator categories into a dichotomous variable: cued recall vs. 

other. In the individual model, studies that employed cued recall as the retrieval practice format 

produced larger effect sizes (b = 0.26, SE = 0.10, t(13.67) = 2.52, p = 0.04, 95% CI[0.04, 0.48]) 

than other formats. Cued recall, however, was not a significant moderator in the covariate model 

(b = 0.28, p = 0.17).  

Final test format. I hypothesized that more difficult retrieval attempts (i.e., cognitive 

interview, free recall) would lead to smaller RES effects. Due to low degrees of freedom, I 

collapsed the initial moderator categories into a dichotomous variable: cued recall vs. other. In 

the individual model, cued recall (g = 0.28, b = 0.28, SE = 0.07, t(8.66) = 3.78, p < 0.01, 95% 

CI[0.11,0.49]) resulted in larger RES effects than other retrieval practice formats such as free 

recall (g = -0.03) and recognition (g = 0.03). However, as was the case with retrieval practice 

format, final test format was not a significant moderator of the RES effect when controlling for 

research group and publication status (b = 0.07, SE = 0.22, t(8.84) = 1.58, p = 0.15, 95% CI[-

0.07,0.38]).  

Retrieval practice – final test format match. I hypothesized that a match in the format of 

the retrieval practice and the final test would lead to increased memory performance, which 

would thus result in smaller RES effects. Contrary to this hypothesis, test format matching 



 49 

significantly moderated the size of the RES effect (g = 0.27, b = 0.25, SE = 0.07, t(7.29) = 2.57, 

p = 0.04, 95% CI[0.02,0.47]). When the retrieval practice and final test formats did not match, 

the RES effect was much smaller (g = 0.04). Test format match was not a significant moderator 

in the covariate model (b = 0.11, SE = 0.11, t(6.83) = 1.00, p = 0.35, 95% CI[-0.15,0.37]). 

Warning. I hypothesized that studies in which participants are warned about the veracity 

of the misinformation would produce smaller RES effects than studies without a warning. 

Studies with participants were warned produced significantly smaller effect sizes (g = 0.01, b = 

0.23, SE = 0.06, t(23.61) = 3.98, p < 0.001, 95% CI[0.11,0.35]) than studies without such a 

warning (g = 0.23). However, when controlling for covariates, warning was no longer a 

significant moderator (b = -0.11, SE = 0.19, t(1.25) = -0.60, p = 0.64, 95% CI[-1.60,1.37]).  

Publication Bias 

Whether a study is published is largely based on the statistical significance of the results 

(Dickerson, 2005). In meta-analysis, a clear bias can occur from combining effect sizes only 

from published studies, often leading to overestimation of the effectiveness of an intervention 

(Montori et al., 2000). In this section, I assess potential publication bias several different ways.  

Fail-safe N. 

Rosenthal’s Fail-safe N, also called the “file drawer” analysis, is a statistical approach to 

estimate how many studies in the proverbial file drawer would need to be included in the 

analysis for the p-value of the meta-analysis to rise above 0.05 (Borenstein et al., 2009). 

Similarly, Orwin’s Fail-safe N determines how many studies would need to be included in order 

to reduce the effect size to a level of “substantive importance”, in the case of the current analysis, 

that target p-value is 0.05. Rosenthal’s Fail-safe N was 1,040, suggesting that over 1,000 studies 

with a mean effect size of zero would need to be added in order for the summary effect size 
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found in this meta-analysis to become non-significant. Orwin’s Fail-safe N was 57, suggesting 

that 57 studies with a mean effect size of zero would need to be added in order for the p value for 

the summary statistic to rise above 0.1015. I ran a meta-regression with publication status as a 

predictor which revealed that publication status was not a significant predictor of the RES effect 

in neither the individual model (b = -0.02, SE = 0.21 , t(3.59) = -0.09, p = 0.93 , 95% CI[-

0.63,0.60]) nor the covariate model (b = -0.22, SE = 0.21 , t(5.07) = -1.05, p = 0.34 , 95% CI[-

0.76,0.32]).  

Funnel plots.  

 Funnel plots are the most common way to assess publication bias visually. Study effect 

sizes are plotted on the x-axis with their corresponding standard errors on the y-axis. If there is 

no publication bias, effect sizes from individual studies should be distributed symmetrically 

around the summary effect size roughly in the shape of a funnel (Borenstein et al., 2009). If the 

plot is asymmetrical, for example if studies with large standard errors seem to be systematically 

missing on one side of the summary effect, publication bias might be present. The funnel plot for 

the RES effect can be seen in Figure 4. As the direction of the effect is to the right, the is a 

visible gap on the bottom left portion of the plot which is likely where nonsignificant studies 

would reside if they were included in the analysis. Additionally, I performed Egger’s regression 

test to evaluate funnel plot asymmetry (Sterne and Egger, 2005). This test did not reach 

statistical significance, indicating that there is not significant asymmetry in effect sizes (z = -

1.02, p = 0.31).  
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Figure 4. Funnel plot 
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Table 5. Moderator-only meta-regression results with un-collapsed moderators 

 

 

Moderators F Coeff SE t df p 95% CI n k ω2 !2
Report Characteristics
Research Group 57 29 0.010 0.04

Chan & colleagues 0.24 0.10 2.43 20.20 0.02 [0.03,0.45]
Other researchersa 0.60 0.07 0.81 10.10 0.44 [-0.10,0.23]

Publication Status 57 29 0.010 0.05
Published -0.02 0.21 -0.09 3.59 0.93 [-0.63,0.60]
Unpublisheda 0.23 0.20 1.13 2.96 0.34 [-0.42,0.88]

Encoding Variables
Stimulus Type 29.80 1.87 0.04 56 28 0.005 0.04

Videos and slideshows 0.24 0.07 3.32 2.41 0.06 [-0.03,0.50]
Factual Knowledge -0.03 0.04 -0.79 1.97 0.52 [-0.21,0.15]
Word lists/pairs 0.78 0.08 9.54 2.88 <0.01 [0.52,1.05]
Picturesa -0.01 0.04 -0.27 1.97 0.81 [-0.19,0.17]

Stimulus Length 0.01 0.00 2.57 16.70 0.02 [0.00,0.01] 56 29 0.012 0.03
Misinformation Type 13.90 10.90 <0.001 57 29 0.000 0.05

Audio narrative 0.28 0.18 1.59 7.37 0.15 [-0.13,0.69]
Misleading Questions -0.14 0.16 -0.86 4.54 0.43 [-0.57,-0.29]
Written narrative 0.19 0.20 0.91 8.52 0.39 [-0.28,0.65]
Othera 0.01 0.16 0.09 4.54 0.94 [-0.42,0.45]

Misinformation Length 0.05 0.03 1.89 5.99 0.11 [-0.01,0.11] 28 13 0.000 0.00
Storage Variables
Retention Interval 1 b -0.05 0.02 -2.94 2.65 0.07 [-0.11,-0.01] 49 24 0.004 0.03
Retention Interval 2 c 0.00 0.00 -2.68 1.62 0.14 [-0.00,0.00] 49 24 0.020 0.03
Retention Interval 3 d 0.00 0.00 0.09 1.29 0.94 [-0.00,0.00] 42 22 0.003 0.06
Retrieval Variables

Retrieval Practice Format 1.83 1.83 0.37 56 29 0.009 0.04
Cognitive Interview -0.03 0.16 -0.19 1.85 0.87 [-0.79,0.73]
Cued Recall 0.35 0.09 3.86 1.09 0.15 [-0.61,1.32]
Free Recall 0.18 0.14 1.22 1.47 0.38 [-0.72,1.07]
Recognition 0.11 0.06 1.78 1.00 0.33 [-0.69,0.92]
Othera -0.07 0.06 -1.04 1.00 0.49 [-0.87,0.74]

Final Test Format 12.00 3.66 0.02 56 29 0.012 0.04
Cued Recall 0.28 0.06 4.48 19.31 <0.001 [0.15,0.41]
Free Recall -0.04 0.12 -0.30 2.56 0.79 [-0.47,0.40]
Recognition 0.04 0.01 5.70 1.67 0.04 [0.00,0.07]
Othera 0.00 0.00 0.00 16.95 1.00 [-0.00,0.00]

Test Match 56 29 51.190 0.05
Match 0.25 0.10 2.57 7.29 0.04 [0.02,0.47]
No matcha 0.00 0.08 0.29 4.69 0.79 [-0.18,0.23]

Warning 56 29 0.008 0.05

Warning -0.23 0.07 -3.34 1.15 0.16 [-0.86,0.41]

No warninga 0.23 0.06 3.98 23.61 <.001 [0.11,0.35]
Note. n  - number of effect sizes; k  - number of independent samples; I 2 - percentage of true heterogeneity to variance across the 
observed effect sizes; tau 2 - between-study variance in study-average effect sizes; a  - reference group (intercept); b Delay between 
stimulus and retrieval practice; c Delay between retrieval practice and misinfomation; d Delay between misinforation and final test 
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Table 6. Meta-regression moderator results with covariates and un-collapsed moderators 

 

 

Moderators F Coeff SE t df p 95% CI n k ω2 !2
Report Characteristics
Research Group 57 29 0.012 0.04

Chan & colleagues 0.24 0.10 2.43 20.20 0.02 [0.03,0.45]
Other researchersa 0.60 0.07 0.81 10.10 0.44 [-0.10,0.23]

Publication Status 57 29 0.020 0.03
Published -0.22 0.21 -1.05 5.07 0.34 [-0.76,0.32]
Unpublisheda 0.23 0.20 1.13 2.96 0.34 [-0.42,0.88]

Encoding Variables
Stimulus Type 13.70 2.33 0.05 56 28 0.014 0.03

Videos and slideshows 0.04 0.08 0.48 2.74 0.67 [-0.24,0.32]
Factual Knowledge -0.07 0.07 -0.09 1.24 0.50 [-0.68,0.54]
Word lists/pairs 0.75 0.10 7.24 1.63 0.03 [0.19,1.31]
Picturesa 0.03 0.08 0.35 1.24 0.78 [-0.58,0.63]

Stimulus Length <.01 <.01 1.14 8.81 0.29 [0.00,0.01] 56 29 0.020 0.03
Misinformation Type 0.89 5.66 0.50 57 29 0.000 0.05

Audio narrative 0.13 0.26 0.50 7.69 0.63 [-0.47,-0.72]
Misleading Questions -0.05 0.14 -0.39 4.29 0.71 [-0.43,0.32]
Written narrative 0.14 0.23 0.59 8.37 0.57 [-0.39,0.66]
Othera 0.13 0.37 0.35 3.90 0.75 [-0.91,1.17]

Misinformation Length 0.02 0.03 0.61 2.85 0.59 [-0.09,0.14] 28 13 0.000 0.00
Storage Variables
Retention Interval 1 b -0.02 0.02 -1.18 2.92 0.33 [-0.09,-0.04] 49 24 0.019 0.02
Retention Interval 2 c <.01 <.01 -1.73 1.86 0.24 [-0.00,0.00] 49 24 0.030 0.02

Retention Interval 3 d <.01 <.01 0.47 1.41 0.70 [-0.00,0.00] 42 22 0.030 0.03
Retrieval Variables

Retrieval Practice Format 2.03 2.59 0.32 56 29 0.013 0.03
Cognitive Interview 0.03 0.15 0.22 1.88 0.85 [-0.63,0.70]
Cued Recall 0.28 0.09 3.09 1.15 0.17 [-0.59,1.16]
Free Recall 0.19 0.10 1.96 1.46 0.23 [-0.42,0.80]
Recognition -0.01 0.08 -0.17 1.11 0.89 [-0.83,0.80]
Othera -0.06 0.22 -0.27 1.90 0.82 [-1.06,0.94]

Final Test Format 5.05 5.82 0.05 56 29 0.011 0.04
Cued Recall 0.33 0.07 4.43 12.86 <.001 [0.17,0.49]
Free Recall 0.16 0.14 1.13 4.33 0.32 [-0.21,0.53]
Recognition 0.24 0.13 1.77 3.77 0.16 [-0.14,0.62]
Othera -0.10 0.21 -0.48 3.97 0.66 [-0.70,0.49]

Format Match 56 29 0.012 0.05
Match 0.11 0.11 1.00 6.83 0.35 [-0.15,0.37]
No matcha 0.12 0.23 0.51 7.49 0.63 [-0.42,0.65]

Warning 56 29 0.016 0.03

Warning -0.11 0.19 -0.60 1.25 0.64 [-1.60,1.37]

No warninga 0.23 0.20 1.13 2.96 0.34 [-0.42,0.87]
Note. n  - number of effect sizes; k  - number of independent samples; I 2 - percentage of true heterogeneity to variance across the observed 
effect sizes; tau 2 - between-study variance in study-average effect sizes; a  - reference group (intercept); b Delay between stimulus and 
retrieval practice; c Delay between retrieval practice and misinfomation; d Delay between misinforation and final test; *Research Group  was 
run as an individual model, Publication Status  was run with Research Group as a covariate, and all subsequent models were run with both as 
covariates. 
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Chapter 4: Summary and Discussion 

 

The aim of the present meta-analysis is to provide an empirical review of retrieval-

enhanced suggestibility through meta-analysis. Specifically, the objectives of this meta-analysis 

were to identify: (a) the overall size of the retrieval-enhanced suggestibility effect; (b) the 

methodological factors that moderate the size of the effect; (c) the boundary conditions of the 

effect; and (d) theoretical mechanisms underlying the effect. In total, 57 independent effect sizes 

were collected from 30 different research reports totaling 4,898 participants. The breakdown of 

effect sizes and independent samples per moderator can be found in Table 2. A forest plot 

showing the total distribution of effect sizes and overall effect can be seen in Figure 3. A 

summary of the moderators, hypotheses, and meta-regression results can be found in Error! 

Reference source not found.. In the next section, I discuss the overall RES effect across studies. 

Then I discuss the results for each moderator in relation to their respective hypotheses, potential 

theoretical mechanisms supporting their results, and areas for future research in relation to each 

moderator. I will then discuss limitations of the present meta-analysis and concluding remarks. 

Overall effect 

The main objective of this meta-analysis was to quantify the overall size of the RES 

effect. In the present meta-analysis, the mean weighted effect size for retrieval-enhanced 

suggestibility was g = 0.212, indicating a small positive RES effect (Figure 3). Much of the early 

RES research appeared to have overestimated the size of the RES effect, perhaps leading 

researchers to recruit relatively few participants in subsequent studies. For example, 36 total 

undergraduate students participated in Chan et al. (2009) Experiment 1A and only 18 in the 

retrieval-practice condition. Similarly, LaPaglia & Chan (2013) recruited 20 participants per-
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condition in their experiment. The results of the overall effect analysis should lead researchers to 

use more conservative effect size estimates when conducting power analyses which will 

hopefully lead to more studies using larger sample sizes, which will lead to more-precise 

estimates of the RES effect.  

Moderators 

A summary of the moderators, hypotheses, and meta-regression results can be found in 

Error! Reference source not found.. Detailed breakdowns of moderator meta-regression results 

can be found in Table 3 and Table 4. When looking at the moderator-only meta-regression 

results collectively, seven out of the eleven moderators significantly moderated the RES effect. 

However, when controlling for research group (Chan and colleagues vs. other) and publication 

status, none of the moderators were significantly associated with the RES effect.  

Report characteristics 

 Research group. 

Consistent with my hypothesis, studies conducted by Chan and colleagues produced 

larger effect sizes than studies conducted by other researchers. The result is consistent with 

research findings in my lab and trends in the literature. Butler (2017) unsuccessfully attempted to 

replicate the findings of Chan et al. (2009) using the same materials and procedures. We 

subsequently conducted three experiments, of which only one showed an RES effect (Butler & 

Loftus, 2018). In addition, in the RES literature, Chan and his research group consistently 

produced research reports with the largest effect sizes.  
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Table 7. Summary of moderators, hypotheses, and meta-regression results 

 

 

 

 

 

 

Moderators Hypothesis Moderator-only meta-regression results Covariate meta-regression results

Report Characteristics

Research Group
Research reports from Chan & colleagues 

will produce larger RES effects than reports 
from other researchers

Significant moderator; Chang & colleagues research 
reports produced larger effect sizes -

Publication Status
Published research reports will have larger 

RES effects than unpublished reports Not a significant moderator Not a significant moderator

Encoding Variables

Stimulus Type
No prediction Significant moderator; videos and slide shows 

associated with larger effect sizes Not a significant moderator

Stimulus Length
Longer exposure duration times will lead to 

smaller RES effects
Significant moderator; longer stimuli associated 

with larger RES effects Not a significant moderator

Misinformation Type

Misinformation delivered via a narrative 
(either audio or written) will produce larger 
RES effects than misinformation delivered 
via misleading questions or other methods

Significant moderator Not a significant moderator

Misinformation Length
Longer exposure duration times will lead to 

larger RES effects Not a significant moderator Not a significant moderator

Storage Variables

Retention Interval 1 b Longer retention intervals will lead to larger 
RES effects. 

Significant moderator; longer retention interval 
associated with larger RES effect Not a significant moderator

Retention Interval 2 c Longer retention intervals will lead to larger 
RES effects. Not a significant moderator Not a significant moderator

Retention Interval 3 d Longer retention intervals will lead to larger 
RES effects. Not a significant moderator Not a significant moderator

Retrieval Variables

Retrieval Practice Format
More difficult retrieval attempts (i.e., 

cognitive interview, free recall) will lead to 
smaller RES effects 

Significant moderator; cued recall associated with 
larger RES effect Not a significant moderator

Final Test Format
More difficult retrieval attempts (i.e., 

cognitive interview, free recall) will lead to 
smaller RES effects 

Significant moderator; cued recall associated with 
larger RES effect Not a significant moderator

Test Match

A match in the format of the retrieval practice 
and the final test will lead to increased 

memory performance, which will result in 
smaller RES effects

Significant moderator; test format match associated 
with larger RES effect Not a significant moderator

Warning

Studies in which participants are warned 
about the veracity of the misinformation will 

produce smaller RES effects than studies 
without a warning 

Not a significant moderator Not a significant moderator
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When looking at the moderator-only meta-regressions as a whole, seven out of the eleven 

moderators significantly moderated the RES effect. However, when controlling for research 

group and publication status, none of the moderators significantly moderated the RES effect. 

Although I hypothesized that research group and publication status moderators would account 

for some of the variation in effect sizes, it was surprising to find them to have such a strong 

impact. It is not clear why Chan and colleagues typically produce reports with larger RES effects 

than most other researchers. The results of the present meta-analysis cannot answer this question, 

but I can offer some speculation.  

There may be certain methodological procedures that their labs use that they are not 

communicating in their reports. As mentioned above, I performed a direct replication ostensibly 

using the same materials that Chan used — he sent them to me personally — and failed to find 

an RES effect. I considered regional differences in participant populations but have ruled that 

reason out due to the Chan & colleagues research groups being spread across the United States. 

It is possible that there is some form of confirmation bias occurring which has led the group to 

seek or interpret evidence of RES in a biased fashion (Nickerson, 1998). Chan was the first 

researcher to find RES, and he and his colleagues have produced the majority of the RES 

publications to date (36 for Chan and colleagues, 21 for other researchers). To be clear, I have 

absolutely no reason to suspect the Chan research group of nefarious practices, but rather 

highlight a potential explanation to a puzzling finding. This bias can affect decisions made in the 

research process, such as which variables to analyze and when to stop data collection. These 

“researcher degrees of freedom” (Simmons, Nelson, & Simonsohn, 2011) could contribute to the 

stark contrast in findings between Chan’s research group and the other researchers. Research has 
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shown that blinded interpretation of study results can diminish interpretation bias (Javinen et al., 

2014).  

 Publication status. 

 I hypothesized that published research reports will have larger RES effects than 

unpublished reports. The results of the meta-regressions did not support this hypothesis. As 

noted earlier in the publication bias section, RES research reports do not appear to be 

significantly more likely to be published if they are confirmatory. 

Encoding variables 

 Stimulus type.  

I did not have a prediction for this moderator. In the individual model, stimulus type 

significantly moderated the RES effect. Specifically, when the stimulus was a video or 

slideshow, the RES effect was larger. This finding makes sense in light of previous research 

showing that memory for dynamic stimuli can be better than memory for static stimuli 

(Goldstein et al., 1982).  

 Stimulus length. 

I hypothesized that longer exposure duration times would lead to smaller RES effects. 

Contrary to this hypothesis, longer stimuli led to a statistically significant increase in the RES 

effect in the individual model, although it was a small increase. In hindsight, this aligns with 

previous research on memory decay (e.g. Deffenbacher et al., 2008). As the length of the 

stimulus increases, more time has elapsed between the encoding of each key detail in the 

stimulus and the subsequent misinformation and final test. 

 Misinformation type. 



 59 

I hypothesized that misinformation delivered via a narrative (either audio or written) 

would produce larger RES effects than misinformation delivered via misleading questions or 

other methods because when misinformation is delivered via a narrative, it is possible that 

participants view the information as corrective feedback and thus update their memories. 

Misinformation type overall was a significant moderator of the RES effect, but my specific 

hypothesis was not supported. In the classroom context, research has shown that feedback given 

verbally or written can have differing effects. For example, Merry and Orsmond (2008) 

suggested that students may perceive audio feedback in a more meaningful way because speech 

seems more genuine and is received in a more personal way. Applying this idea to the RES 

context, subjects receiving misinformation via an audio narrative might be more likely to accept 

false information than subjects receiving misinformation via written narratives. To my 

knowledge, there are no studies that directly manipulate the method of misinformation delivery; 

a direct manipulation of misinformation type would provide a more-direct comparison.  

 Misinformation length. 

I hypothesized that longer exposure duration times would lead to larger RES effects. This 

hypothesis was not supported by the results. A potential explanation for this is that there simply 

wasn’t enough variability in misinformation length (M = 6.41, SD = 1.54) between studies. 

Storage variables 

Retention intervals. 

 There are three important retention intervals in RES research: the delay between the 

stimulus and the initial test; the delay between the initial test and the misinformation; and the 

delay between the misinformation and the final test. For all three retention intervals, I 
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hypothesized that longer retention intervals would be associated with larger RES effects due to 

the tendency for memories to fade and become weaker over time (Ebbinghaus,1964). The only 

retention interval that was significantly associated with the RES effect was the first, namely the 

delay between the initial test and the misinformation. This result seems to imply that as time 

passes and memory for the individual event fades, participants use the misinformation as 

corrective feedback or a second chance to encode the stimulus and update their memories 

accordingly.  

Retrieval variables 

Retrieval practice and final test format. 

For both of these moderators, I hypothesized that more difficult retrieval attempts (i.e., 

cognitive interview, free recall) would lead to smaller RES effects while cued recall and 

recognition would lead to larger RES effects. According to the effortful retrieval hypothesis, 

more difficult retrieval attempts lead to better retention of the tested material (Jacoby, 1978). The 

moderator-only meta-regressions support this hypothesis, where cued-recall retrieval practice 

and final tests were both associated with larger RES effects compared to other formats. 

Test match.  

According to the theory of transfer-appropriate processing, the strength of the testing 

effect is positively associated with the similarity between retrieval practice and final test 

(Rowland, 2014). Thus, I hypothesized that a match in the format of the retrieval practice and the 

final test would lead to increased memory performance, which would thus result in smaller RES 

effects. Contrary to this hypothesis, matching formats was associated with larger RES effects. 
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Despite research showing the memorial benefits of matched testing, some research suggests there 

is no benefit at all (e.g., Carpenter & DeLosh, 2006).  

 Warning. 

I hypothesized that studies in which participants are warned about the veracity of the 

misinformation would produce smaller RES effects than studies without a warning. Although the 

hypothesis was not supported by a statistically significant result, the data were in the right 

direction:  studies with warnings showed smaller RES effects in both the moderator-only model 

(g = -.23) and the covariate model (g = -0.11).  

Limitations 

 One limitation of the present meta-analysis is the small number of independent effect 

sizes in the literature for subgroups of certain moderators, particularly stimulus type and retrieval 

practice/final test format. More effect sizes in these categories would allow for more fine-tuned 

analyses form which more specific conclusions could be drawn. As more RES studies continue 

to be conducted, a follow-up meta-analysis sometime would provide more precise effect size 

estimates.  

 Another limitation of the current meta-analysis is the small number of unpublished 

research reports included in the analysis. Although I discussed three different ways to assess 

publication bias (Fail-safe N, visual funnel plot inspection, and Egger’s regression for funnel plot 

asymmetry), the best way account for the file drawer problem is to have an accurate number of 

unpublished reports in the analysis. Several researchers I contacted did have unpublished data, 

but they could not share the findings as they were being prepared for journal submission.  

Future directions 
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The present meta-analysis is an important first step in trying to make sense of retrieval-

enhanced suggestibility. Until now, research was being conducted based on the results of 

individual studies with varying methodologies, results, and sample sizes. Moving forward, I see 

two clear ways for RES researchers to improve our understanding of the RES effect and improve 

the quality of research on it.  

The first area of growth revolves around researchers designing experiments that can 

answer research questions more precisely, instead of trying to draw conclusions across 

experiments. For example, Butler and Loftus (2018) used two different discrepancy detection 

measures in Experiments 2 and 3. Instead of comparing the results across those two experiments, 

a beneficial alternative could have been to have presented the two different measures to different 

intervention groups in the same experiment and directly measured the difference. This applies to 

most of the moderators included in the present meta-analysis. Researchers can manipulate 

multiple moderators within experiments conducted at the same time in order to test the effects of 

multiple manipulations on the RES effect. Of course, this requires more resources (e.g., time, 

funding for more participants, research assistants), but it is necessary for the field to draw more 

precise conclusions.  

The second suggestion for future research is in regard to the Open Science movement, 

which aims to improve science by testing the replicability and reproducibility of research 

findings (Crüwell et al., 2018). Researchers are encouraged to pre-register their studies before 

conducting them. Generally, this entails explicitly stating your research questions, hypotheses, 

data source(s), methodology, and analysis plan, along with time-stamping them in an online 

database. Additionally, as the name implies, a key tenant of open science is open access to all 

parts of the study including its materials, data, code used to analyze the data, and the actual 
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research report itself. The hope is that with increased transparency, researcher degrees of 

freedom in scientific research are reduced and science benefits.  

Conclusion 

After conducting the present meta-analysis, I still find retrieval-enhanced suggestibility to 

be an intriguing finding with several areas that need further exploration. With the meta-analytic 

findings, my hope is that researchers approach these areas of exploration with transparency and 

precision such that the conclusions drawn are generalizable and reproducible. 
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APPENDIX A 
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RES Coding Protocol 

 

 

Report Characteristics 

 

R1) What is the report ID number? (ID) 

 

R2) What is the first author’s last name? (NAME) 

 

R3) What was the year of appearance of the report or publication? (YEAR) 

 

R4) What type of report? (PUBSTATUS) 

 

 published 

 unpublished (e.g., thesis, dissertation, conference presentation) 

 

 

 

Encoding Variables 

 

E1) Stimulus (STIM) 

  

 mock-crime video 
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 mock-crime slideshow 

 word list 

 word pairs 

 pictures 

 other _________________________ 

 

E2) Stimulus duration (STIM_LEN) 

  

E3) Misinformation type (MISINFO_TYPE) 

 

 written narrative 

 audio narrative 

 misleading questions 

 other ______________________ 

 

E4) Misinformation duration (MISINFO_LEN) 

 

 

 

Storage Variables 

 

S1) Delay between stimulus and retrieval practice (DELAY1) 
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 immediate 

 24hrs 

 1 week 

 other _____________________ 

 

S2) Delay between retrieval practice and misinformation (DELAY2) 

 

 

 

S3) Delay between misinformation and final test (DELAY3) 

 

 

 

 

Retrieval Variables 

 

R1) Format of retrieval practice (RP) 

 

 free recall 

 cued recall 

 recognition / AFC 

 cognitive interview 

 MMFR 
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 other _______________________ 

 

 

R2) Format of final test (TEST) 

 

 free recall 

 cued recall 

 recognition / AFC 

 cognitive interview 

 MMFR 

 other _______________________ 

 

R3) Retrieval practice — final test match (MATCH) 

 

R4) Warning (WARN) 

 

 before misinformation 

 after misinformation 

 other _______________________ 

 

 

Participant Characteristics 
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P1) What is this sample ID number? (SAMPLE ID) 

 

P2) Provide any “defining” characteristics of the sample. (DEFINING) 

 

 gender 

 age range 

 college student? 

 

P3) What is the proportion of males in the sample? (PROPMALES) 

 

 

 

Effect size 

 

E1) Effect size index (as labeled by authors) (EFFECT) 

 

E1b) Page found 

 

 

E2) Sample size 

 

 E2b) Retrieval-practice condition (RP_N) 
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 E2c) Control condition (C_N) 

 

 E2d) Page found  

  

 ** If the sample size presented in Results and Method section differ, use the sample size  

from the Results section (e.g., table or matrix Notes).  

 

 

E3) Retrieval-practice condition misinformation production (RP_PROD) 

 

 E3b) standard error, standard deviation, or confidence interval 

 

E4) Control condition misinformation production (C_PROD) 

 

 E4b) standard error, standard deviation, or confidence interval 

 

 

E5) Calculated effect size for inconsistent items (MISINFO_EFFECT) 

 

E6) Calculation Method (CALC METHOD) 

 

E5) Calculated effect size for consistent items (CONSISTENT_EFFECT) 
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E6) Calculation Method (CALC METHOD) 

 

E7) Initials of person calculating the effect size 

 

 

 

 

Coder and Coding Characteristics 

 

C1) What are your initials? (INITIALS) 

 

C2) In minutes, approximately how long did it take you to code this study? (MINUTES) 

 

C3) Provide any notes about the reports or concerns regarding your coding of it. (NOTES) 

 

 ** Make sure to include all notes in a single cell and “drag them down” to all rows.  
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Appendix B – Email sent to authors 

Hello XX, 

My name is Brendon Jerome Butler, and I'm working on a retrieval-enhanced suggestibility 

meta-analysis. While we've attempted to ensure all published studies on this research question 

have been collected, we also hope to include all relevant unpublished empirical work in our 

meta-analysis. To that end, we would greatly appreciate if you'd be willing to share any 

unpublished studies on this topic or could recommend other sources of unpublished empirical 

work. In particular, I am looking for any research where: (a) All subjects were presented some 

type of stimulus material; (b) a randomly-assigned group of subjects engaged in retrieval practice 

that pertained to the details from the stimulus; (c) a different randomly-assigned group of 

subjects did not engage in retrieval practice but performed some alternate task(s) (control 

condition); (d) all subjects were exposed to misinformation; and (e) all subjects were tested on 

their memory for details in the originally-encoded stimulus.   

I would be very grateful if you could send or refer me to an electronic copy of relevant research 

reports. A citation of empirical work that I could track down would also be great, as any 

information is helpful in our search for studies! Of course, we would be happy to share a copy of 

our results after completion of the search and analysis upon request.  

Many thanks for your time and help!  

Sincerely,  

Brendon Jerome Butler, M.A. 
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Graduate Student 

Psychology and Social Behavior 

University of California, Irvine 
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Appendix  C — Abstract Screening Guide 

For all questions below, answer “yes”, “no”, or “maybe/unsure”.  

Any question answered “no” is excluded. 

Do not answer any further questions after the first “no”.  

1. Primary Research: 

Is the abstract not a review of research (e.g., systematic review, meta-analysis)?  

2. Language: 

Is the abstract written in English?  

3. Retrieval practice and final test: 

Do participants engage in some form of retrieval practice and later take a final test?  

4. Misleading post-event information or questions: 

Are participants exposed to misleading information? Either via a narrative, questioning, or some 

other method? 

Decision: Keep (all “yes” or “maybe/unsure” answers) or Drop (at least one “no” answer)  
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Appendix  D — PRISMA FLOWCHART 
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APPENDIX E — Full-text Screening Tool 

For all questions below, answer “yes”, “no”, or “maybe/unsure”.  

Any question answered “no” is excluded. 

Do not answer any further questions after the first “no”.  

1. Primary Research: 

Is the research report not a review of research (e.g., systematic review, meta-analysis)?  

2. Language: 

Is the abstract written in English?  

3. Encoded stimuli: 

Do all participants encode some initial stimuli?  

2. True Experiment: 

Are participants randomly assigned to either a retrieval-practice or control group?  

3. Retrieval practice and final test: 

Do participants engage in some form of retrieval practice and later take a final test?  

4. Misleading post-event information or questions: 

Are participants exposed to misleading information following retrieval-practice? Either via a 

narrative, questioning, or some other method? 

Decision: Keep (all “yes” or “maybe/unsure” answers) or Drop (at least one “no” answer)  
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Appendix F – Coding Database 

 

https://docs.google.com/spreadsheets/d/1-  




