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ABSTRACT 

 

 
Interference refers to reduced performance on some form of a memory test due to the 

learning of other information (for a review see Anderson & Neely, 1996). Interference is a major 

cause of forgetting. Educational contexts in particular are rife with sources of interference. 

Reducing interference in educational contexts should therefore be a goal of researchers. Recent 

research has demonstrated that being reminded can transform proactive interference into 

proactive facilitation (Wahlheim & Jacoby, 2013), creating a memory benefit when encountering 

conflicting information rather than a memory detriment. In the current experiments, I aim to 

extend recent research to educationally relevant materials and explore strategies to increase being 

reminded in order to mitigate interference. Results are consistent with the notion that reminding 

can produce proactive facilitation rather than proactive interference, and that reminding can be 

increased through certain strategies. 
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CHAPTER 1 

 

INTRODUCTION 

 

Encoding (learning) conflicting information or similar and potentially confusable 

information typically results in reduced recall for the information; a finding known to memory 

researchers as interference (for a review, see Anderson & Neely, 1996). In educational contexts, 

it is not uncommon to encounter conflicting or potentially confusable information. Conflicting 

information may be encountered for a number of reasons. For example, a student may read 

incorrect information from an unreliable source or an instructor may misspeak during class. But 

upon further instruction, students may learn the accurate information, resulting in two competing 

pieces of information for later recall: the accurate information and the inaccurate information. 

In other situations, students may encounter conflicting information that is not due to 

error. Previously accurate information may simply be outdated. For example, a recent large scale 

replication project found that roughly 50% of cognitive psychology studies and roughly 75% of 

social psychology studies did not replicate (Open Science Collaboration, 2015). Many sources 

will, however, continue to reference the original, outdated research for some time. Learners may 

therefore encounter conflicting information: the old outdated findings and the new updated 

findings. Again, these two pieces of information would compete in memory. The failure to recall 

the new, changed information can impede learning and successful research. The failure to update 

memory can have important practical implications as well. For instance, 13% of articles 

published in the New England Journal of Medicine called for a reversal of practices (Persad, 

Gall, Cifu, 2011). 

It is also not uncommon for students to encounter confusable material during the course 

of the semester. For example, many Introductory Psychology instructors can recount (likely with 
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frustration) instances of students who confuse classical conditioning and operant conditioning. 

As is the case with conflicting information, learning confusable information can result in 

competition at recall between the information trying to be recalled and the similar information. 

For example, research has shown that reading two passages about a similar, related concept can 

result in interference. Dempster (1988a) found that reading a passage about operant conditioning 

after reading a passage about classical conditioning reduced performance on a memory test as 

compared to not reading the second passage or reading an unrelated passage. 

In each of these scenarios, competing information may result in interference. In order to 

improve learning and student success, research should attempt to find ways to reduce 

interference. Recent work has indicated that being reminded of the competing information while 

learning subsequent similar information may be beneficial for escaping interference (Jacoby, 

Wahlheim, & Kelley, 2015; Putnam, Wahlheim, & Jacoby, 2014; Wahlheim, 2015; Wahlheim & 

Jacoby, 2013). This manuscript will first briefly review interference, the role of remindings in 

escaping interference, and studies that speak to being reminded and escaping interference with 

educationally relevant materials. 

1.1 Interference 

 

Interference is thought to be a major cause of forgetting (Underwood, 1957). Interference 

refers to reduced performance on some form of a memory test due to the learning of other 

information (for reviews, see Anderson & Neely, 1996; Crowder, 1976; Postman & Underwood, 

1973). Interference is observed for both the recall of the original learning (retroactive 

interference), such as when eyewitnesses incorrectly recall information following the 

presentation of misinformation (e.g. the misinformation effect, Loftus, 2005), as well as for the 

recall of newly learned information (proactive interference), such when an individual has trouble 
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learning an acquaintance’s new name when that acquaintance changes her name upon being 

married, having previously learned her maiden name. 

Interference has typically been studied using paired associate learning. In these 

experiments, participants generally learn two lists of paired associates. Some items between lists 

will share a cue but are paired with a changed response. For example, participants learn A-B 

items (e.g. knee-bone) in one list, and in a later list, participants learn A-D items (e.g. knee-

bend), which share a cue with a previous item (knee). The A-B, A-D items are recalled worse 

than control items, items for which there was not a shared cue presented on both lists (C-D items, 

e.g. angel-halo, where angel was not presented on another list). Interference is thought to occur 

largely due to response competition (Melton & Irwin, 1940; Postman & Underwood, 1973). 

Response competition refers to competition between the original and changed responses (e.g. 

bone and bend) at the time of test when both responses are linked to a single cue (e.g. knee). That 

is, attempted retrieval of the target response (e.g. bone) accidentally results in retrieval of a 

competitor response (e.g. bend). 

The classic A-B, A-D interference paradigm has proven robust. Interference research 

using this paradigm dates back over a century (Müller & Pilzecker, 1900 as cited by Anderson & 

Neely, 1996). Various variations have been implemented during the century long study of 

interference. Interference has been found using both between- and within-subject designs, using 

a variety of memory tests, and regardless of the criterion of learning required by the 

experimenter (for a review, see Anderson & Neely, 1996). Critically, interference has also been 

shown to generalize beyond basic materials such as word pairs. Effects of interference have been 

shown to extend to more complex materials, such as geometry proofs (Lovett & Anderson, 1994) 
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and numerous misinformation effect paradigms in studies of eyewitness memory (for reviews see 

Ayers & Reder, 1998; Loftus, 2005). 

Returning to the initial example, interference can also play an important role in 

educational context. Research has demonstrated that interference can be found for prose. 

Dempster (1988a) conducted a review of the literature concerning interference for prose and 

found that the results were mixed. While many studies found interference similar to that of the 

classic basic experiments (e.g. Anderson & Bower, 1973; Bower, 1974; Entwisle & Huggins, 

1963; Jensen & Anderson, 1970; King & Cofer, 1960; King & Tanenbaum, 1963; Slamecka, 

1960a,b), others failed to achieve meaningful levels of interference (e.g. Ausubel, Robbins, 

Blake, 1959; Ausubel, Stager, & Gaite, 1968, 1969), and some even found facilitation rather than 

interference (e.g. Ausubel, Stager, & Gaite, 1968). 

However, Dempster (1988a) noted that many of the failures to find interference using 

prose materials were not surprising. Most relevant, many of the failures to find interference used 

multiple choice testing, and basic research has demonstrated that recognition memory tests (tests 

where participants choose from presented targets rather than retrieving information from 

memory) are not sensitive to interference (Anderson & Watts, 1971; Postman & Stark, 1969). 

Interference is not found because interference is largely driven by competition between 

responses, which is typically absent in a recognition memory tests (J. Anderson, 1981; R. 

Anderson & Watts, 1971). Recognition memory tests tend to only show interference if both 

competing responses are present at test (Anderson & Watts, 1971), which was not the case with 

the studies that failed to find interference.  

Other studies failing to find interference involved designs that would also not be expected 

to cause interference. In order to demonstrate interference, the material must be related. The need 
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for materials to be related is why within-subject test designs with mixed lists of control items and 

interference items are possible (see Postman & Underwood, 1973); recall of control items is not 

impaired by the study of other unrelated items, whereas interference items that share a cue and 

conflicting responses show interference. But some of the studies reviewed by Dempster used 

completely unrelated passages or continuation of the same passage in an attempt to evoke 

interference. As is the case with control items in within-subject designs, these unrelated passages 

should not be expected to result in interference. 

Dempster (1988a) then conducted a series of new experiments examining interference 

with prose. These studies showed significant interference when the material was related (e.g. 

reading about alternating current and direct current), but no interference when material was 

completely unrelated (e.g. positive reinforcement and direct current). The result of these 

experiments, in combination with his thorough review of the literature, show that interference is 

not limited to laboratory studies of word pairs, but rather extends to prose and memory for 

passages such as ones that would be used in educational settings.  

However, despite important implications for education, interference has largely been 

overlooked in the educational context in recent decades. For example, Dempster (1988a) has 

only been cited 13 times according to Google Scholar, and two of the citations appear to be in 

error, attempting to cite another journal article by the same author that year, Dempster (1988b). 

Seemingly no work has been done to examine ways to mitigate or escape interference in an 

educational context. 

1.2 Escaping Interference Through Being Reminded 

One possibility for escaping interference is through being reminded. When one 

encounters a stimulus with properties that overlap with a previously learned stimulus, one is 
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often reminded of the originally encountered stimulus. Cognitive psychologists refer to these 

events as remindings. Being reminded often results in a memory benefit (for a brief overview, 

see Benjamin & Ross, 2011). Recent research on remindings have indicated that being reminded 

can transform interference into facilitation (Jacoby et al., 2015; Putnam et al., 2014; Wahlheim, 

2015; Wahlheim & Jacoby, 2013). 

Wahlheim and Jacoby (2013) proposed that being reminded of the original information 

when encountering the similar but changed information could act as a moderating variable, 

predicting interference or facilitation for items with shared cues but changed responses between 

lists. In the absence of being reminded, participants would show interference (reduced recall for 

changed items as compared to control items) for items with shared cues (e.g. knee-) but changed 

responses between lists (e.g. -bone in the first list, but -bend in the second list). However, when 

reminded, participants would show facilitation (increased recall as compared to control items) 

for items with shared cues but changed responses between lists. 

To examine the possibility that being reminded moderates interference and facilitation, 

Wahlheim and Jacoby (2013) added two additional measures to a traditional A-B, A-D proactive 

interference experiment using word pairs. First, during encoding of the second list, participants 

completed a change detection procedure. For each item on the second list, participants were told 

to study items at their own pace, clicking a button labeled “Next” to advance through items. 

However, as a secondary task, participants were also told to click a “Changed Word” button 

whenever they noticed that an item had changed between lists. This change detection procedure 

was used as a measure of how often participants were reminded while encoding the second list. 

The second additional measure was a recollection of change procedure. For the recollection of 

change procedure, during the final cued-recall task, after recalling the target List 2 response for 
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each cue, participants were asked if any other items from the experiment came to mind prior to 

or simultaneously with the recall of the correct response, and, if so, to report the other item that 

came to mind. If the corresponding first list response was reported, it was inferred that 

participants were recollecting the reminding at the time of test. To foreshadow, the distinction 

between a reminding occurring at the time of encoding as compared to later recollecting the 

reminding is an important distinction to make. 

Wahlheim and Jacoby did not show an overall memory difference between control items 

(A-B, C-D items) and interference items (A-B, A-D items). However, further analysis revealed 

that lack of a difference between control items and interference items was the result of mixture of 

some interference items (A-B, A-D items) displaying the traditional interference pattern (reduced 

recall for the A-B, A-D interference items as compared to the C-D control items), and other 

interference items displaying facilitation (increased recall for the A-B, A-D interference items as 

compared to the C-D control items). The traditional pattern of interference was found only when 

participants were not reminded while studying the second list (did not detect change), or when 

participants were reminded but did not recollect the reminding at test. In contrast, facilitation was 

found for items if the participant was reminded during study and recollected the reminding at the 

time of test. That is, participants displayed interference when not reminded, but instead displayed 

facilitation when they were reminded. The addition of the change detection task implemented by 

the authors probably increased the likelihood of being reminded, thus increasing the likelihood of 

facilitation, eliminating overall interference. This explanation is reinforced by the results of 

Experiment 2 of Wahlheim and Jacoby (2013), where the change detection procedure during List 

2 was dropped: when the experiment did not include change detection, an overall interference 

effect (reduced recall for interference items as compared to control items) was found, indicating 
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that asking participants to look for change likely increased the noticing of change. Subsequent 

experiments and analyses confirmed that the pattern of results were not due to some items being 

studied for longer than other items and confirmed that effects of reminding were not due to item 

selection effects (that is, the effects of being reminded were not due to some items being easier to 

remember than other items). 

In another series of experiments, Jacoby et al. (2015) demonstrated a transformation of 

proactive interference into proactive facilitation and retroactive interference into retroactive 

facilitation. The authors conducted a series of proactive interference and retroactive interference 

experiments with instructions meant to encourage or discourage being reminded. In each 

experiment, participants completed a standard A-B, A-D interference paradigm experiment. 

However, the second list contained both within-list changed items, as well as between-list 

changed items. That is, some interference pairs were both presented in the second list (e.g. knee-

bone and knee-bend both in the second list), and some interference pair presentations were 

divided between the first and second list (e.g. knee-bone presented in the first list, and knee-bend 

presented in the second list). Half of the participants were told to press a key in response to any 

changed items presented during the second list. The other half of participants were told to only 

press a key in response to changed items for which both pairs were presented in the second list. 

Therefore, the instructions for the first half of participants, told to press a key in response to any 

changed item, were encouraged to think about the first list and be reminded; whereas participants 

in the latter group were discouraged from thinking about the first list, reducing the likelihood of 

being reminded of the first list for between-list changed items. 

The results of Jacoby et al. (2015) emphasized the ability to bring reminding under 

control of the experimenters with instructions. Participants in the condition told to look back 
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across both lists showed significantly higher rates of recollection of change at test for between-

list changed items than did participants in the condition told to only look for within-list changes. 

That is, participants discouraged from thinking about the prior list were reminded less than 

participants encouraged to think about the first list. Following these results, participants also 

demonstrated facilitation (higher rates of recall for A-B, A-D interference items as compared to 

A-B, C-D control items) for between-list changed items, but only for participants in the condition 

encouraged to be reminded. As noted by the authors, these findings do not rely on 

conditionalized data (analyzing data separated on the basis of responses; e.g. items for which 

participants noted change as compared to items for which participants failed to note change), 

underscoring that the facilitation effect of being reminded does not depend solely upon item 

selection effects, where pairs that trigger remindings are simply more memorable, and therefore 

more likely to be recalled on the test. 

A hypothesis for the mechanisms underlying why being reminded can assist in escaping 

interference was furthered by Jacoby et al. (2015). The authors proposed that different 

mechanisms underlie the escape from retroactive interference versus the escape from proactive 

interference. The transformation from retroactive interference to retroactive facilitation is more 

simply explained. When one is reminded of the previously learned information, the previously 

learned information is brought to mind, strengthening the memory trace of the originally learned 

material. This can be thought of as self-initiated retrieval practice (i.e. the testing effect, for a 

review, see Roediger & Karpicke, 2006). Why taking a test and retrieving information improves 

performance has been the focus of much research itself (e.g. Bjork, 1975, Bjork & Bjork, 1992; 

Carpenter & DeLosh, 2006; Karpicke, Lehman, & Aue, 2014; Roediger & Karpicke, 2006), but 

two commonly identified factors are the strengthening of the item and the creation of new 
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retrieval routes or strengthening of existing retrieval routes. That is, in addition to increasing the 

strength of the memory trace, participants may display improved recall due to improvement in 

the ability for one to retrieve an existing memory trace from storage. 

Whereas retroactive facilitation results as a consequence of merely being reminded at the 

time of study, proactive facilitation requires both being reminded at the time of study and 

recollecting the reminding at the time of test. Being reminded at the time of study produces a 

recursive memory trace that embeds the original event (A-B) into that of the changed event (A-

D). For example, while studying knee-bend in a second list, the participant is reminded of knee-

bone in the first list. Being reminded strengthens knee-bone and embeds knee-bone and the event 

of being reminded within the recursive memory trace for knee-bend (i.e. “I saw knee-bend and it 

reminded me of knee-bone”). The embedded trace allows for the preservation of temporal order 

(Jacoby & Wahlheim, 2013). That is, if one knows that the later event reminded him of a 

previous event, one knows that the previous event must have occurred prior to the later event 

(“knee-bend reminded me of knee-bone, so knee-bone must have been learned earlier”). 

Therefore, recollecting change at the time of test allows participants to recall both A-B and A-D, 

and participants maintain the order of which occurred first. Additionally, participants may use 

the strengthened memory trace of A-B as a retrieval route for the recall of the recursive trace 

because A-B is embedded with A-D. That is, A-B and A-D are linked in the recursive trace, a 

memory of being reminded. Therefore the retrieval of A-B may be used to assist in retrieving the 

recursive trace (recalling the strengthened knee-bone at test assists in recalling the recursive trace 

as knee-bone and knee-bend are now linked, allowing participants to recall knee-bend). Recall of 

the recursive trace provides the participant with the order of the presentations, resulting in 

improved performance. Thus recollecting the reminding at the time of test is necessary to 
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observe proactive facilitation; merely being reminded is insufficient to observe proactive 

facilitation. 

A number of findings in the data from Wahlheim and Jacoby (2013) and Jacoby et al. 

(2015) support the hypothesis of differing mechanism of facilitation for escape from retroactive 

interference and escape from proactive interference. In a proactive interference paradigm, 

Wahlheim and Jacoby (2013) only found facilitation for items for which change was detected 

and change was recollected at the time of test. Items for which change was detected (knee-bend 

reminded the participant of knee-bone) but the change was forgotten (participants did not 

recollect noticed change at test) did not display facilitation. On the contrary, such items 

displayed a memory detriment larger than items for which change was never noticed at all. This 

pattern of results is explained by the differing mechanism account. Noticing the change but not 

recollecting the reminding at the time of test strengthens the prior response (knee-bone), creating 

more competition and more difficult retrieval of the new response (knee-bend). A failure to 

notice the change during encoding, however, results in weaker interference as the prior response 

is not strengthened (less interference is displayed as a result of knee-bone not being strengthened 

and thus not being as strong of a competitor).  

Also supporting this account, Jacoby et al. (2015) showed that merely conditionalizing 

data upon whether participants noticed change (splitting data according to whether participants 

reported that an item had changed or not) was sufficient to demonstrate retroactive facilitation. 

However, conditionalizing data upon whether participants noticed change was insufficient to 

demonstrate proactive facilitation. Proactive facilitation was only demonstrated when data was 

instead conditionalized upon recollection of the reminding at the time of test. That is, noticing 
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change produced retroactive facilitation, but only recollecting change at test produced proactive 

facilitation, consistent with the differing mechanism account. 

1.3 Reminding and Educationally Relevant Materials 

Could reminding be used to escape interference with material more relevant to 

educational contexts? To date, no experiments have examined the effect of being reminded with 

educationally relevant materials. However, the transformation of proactive interference into 

proactive facilitation has been observed with materials more complex than traditionally used in 

interference studies. For example, Putnam et al. (2014) observed a transformation from proactive 

interference into proactive facilitation when participants in an experiment noticed a politician 

flip-flopping during the second debate on an issue that had been debated at a previous debate. It 

is therefore possible that increasing reminding could be useful to aid in the escape of interference 

and improve learning in other contexts. 

There are reasons, however, to question whether increasing the rate of being reminded 

would be an effective strategy to improve learning of general knowledge. Unlike simple 

materials, such as word pairs typically used in basic research, general knowledge statements are 

rich materials with meaning and relationships to other knowledge. The rich nature of general 

knowledge statements could mean that individuals readily notice conflicting information. If 

individuals are already reminded at a very high rate when encountering conflicting general 

knowledge statements, there might not be much room for improvement in increasing reminding 

for researchers and educators. Are individuals already reminded at a very high rate when 

encountering conflicting information? Evidence suggests that they are not. Marsh and Fazio 

(2006) conducted studies in which participants read fictional stories that contained incorrect 

general knowledge information (e.g. the Atlantic Ocean is the largest ocean in the world). 
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Participants only noted 32% of general knowledge errors in stories in an error detection task 

despite much higher rates of knowledge of the correct information (closer to 65%). Even more 

jarring, Otero and Kintsch (1992) had students read paragraphs about various topics in which the 

second sentence and the sixth sentence of a paragraph directly contradicted each other (e.g. 

“Until now it [superconductivity] has only been obtained by cooling certain materials to low 

temperatures near absolute zero” and “Until now superconductivity has been achieved by 

considerably increasing the temperature of certain materials”). Students missed contradictions 

over 40% of the time. The failure to spontaneously detect contradictions may be adaptive. 

Disbelief is mentally taxing, therefore it is evolutionarily necessary for humans not to critically 

question all information as it is encountered (Gilbert 1991).  

Notably, warnings to be vigilant against conflicting information prior to learning were 

ineffective in both Fazio and Marsh (2006) and Putnam et al. (2014), indicating that merely 

being aware of the possibility of contradictory was insufficient to increase the probability of 

being reminded of the original information. But when told to explicitly detect errors and note 

changes during encoding, participants in Fazio and Marsh (2006) and Putnam et al. (2014) did 

improve performance on later tests of general knowledge and policy positions held by 

candidates, respectively, just as participants in Wahlheim and Jacoby (2013) demonstrated 

facilitation when reminded. These findings demonstrate the ability for instructions to improve 

noticing discrepancies and improve subsequent performance on tests with complex materials. 

Similarly, participants in Otero and Kintsch (1992) who reported noticing the contradictions 

displayed excellent recall for both of the contradictory statements. It therefore seems probable 

both that there is room for the likelihood of being reminded to be increased and that being 

reminded of contradictory general knowledge statements would lead to facilitation. 
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A study involving the learning of contradictory general knowledge statements may 

provide some additional insight. Pashler, Kang, and Mozer (2013) examined the updating of 

information using fictional statements made to resemble general knowledge statements. 

Specifically, Pashler et al. were interested in the effect of reviewing erroneous information prior 

to the learning of the updated information. The study was designed and analyzed through a 

framework of reconsolidation. Reconsolidation refers to memory traces becoming malleable 

once activated. Through retrieval of a previous memory, the memory trace for the previously 

learned information can be updated or overwritten with the new information, weakened, or lost. 

Evidence of reconsolidation has been found with animal models for some time (e.g. Nader, 

Schafe, & LeDoux, 2000; Przybyslawski & Sara, 1997), and more recent work with humans has 

been conducted with some success (e.g. Chan & LaPaglia, 2013; for a review see Hupbach, 

Gomez, & Nadel, 2013, for an alternative explanation see Sederberg, Gershman, Polyn, & 

Norman, 2011). However, Pashler and colleagues’ results are more easily interpreted through a 

reminding framework. 

Pashler et al. utilized fictional topics (e.g. Chef Leonardi Franco) accompanied by three 

statements about this topic. Each topic had two sets of statements: The set of statements initially 

presented on the first day of the study, and a corresponding set of contradictory statements (Chef 

Leonardi Franco is a “famous chef in Italy” vs. a “famous chef in France”) to be presented on the 

second day of the study. After learning statements on the first day, participants on the second day 

were tested on a subset of statements from the first day, then restudied a subset of statements 

from the first day, and a subset of statements from the first day were neither tested on nor 

restudied by the participants. After being tested for some items and restudying some items, 

participants learned the contradictory statements. Participants were told that the originally 
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learned statements were erroneous, and they were to learn the accurate facts and attempt to forget 

the old information and replace it with the correct information. At a final test one week later, 

participants were given the topics and asked to recall statements from the second day, being 

careful not to recall the erroneous information from the first day. 

Pashler et al. predicted that testing or restudy of the material on the second day would 

activate the memory traces, rendering the traces malleable to be updated and overwritten with the 

new learning, as would be predicted by reconsolidation theory. Items not tested or restudied 

would be less likely to be activated, made malleable and be updated, resulting in interference and 

poorer recall at test. Results were consistent with these predictions. Items for which the initial 

statement had been tested or restudied were remembered better than updated items for which the 

erroneous statement was neither tested nor restudied. However, the reconsolidation interpretation 

proved problematic for the second experiment. A second experiment was conducted that was 

identical to the first experiment except that participants were asked to recall statements from both 

the first and second days. If the results of first experiment were due to reconsolidation, then it 

would be predicted that the statements from the first day would be remembered less well for the 

tested and restudied items, as those memory traces would have been overwritten with the 

changed statement. However, instead, the authors found superior recall for the tested and 

restudied items as compared to the items that were neither tested nor restudied. Clearly the 

information was not overwritten. 

The results of Pashler et al. are easily interpreted through a reminding framework. Tested 

and restudied items probably were more likely to trigger a reminding than were items that were 

neither tested nor restudied (see also Wahlheim, 2015 for evidence that tested items are more 

likely to trigger a reminding). Assuming this was the case, being reminded of the Day 1 
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statement while studying the Day 2 statement would have strengthened the original memory 

trace and created a recursive memory trace (embedding the memory of the original statement 

with the changed statement) and provided additional routes of retrieval for the new statement, 

resulting in facilitation. An indicator that a recursive reminding was created and caused 

facilitation would be observing higher recall of statements learned on the second day when the 

participant also recalled the corresponding statement learned on the first day, as compared to 

recall of statements learned on the second day when the participant did not recall the 

corresponding statement learned on the first day. That is, conditionalize the recall of second day 

facts upon whether the participant reported remembering the corresponding first day fact. 

Unfortunately, the authors did not report the recall of statements learned on the second day 

conditionalized upon recall of statements learned on the first day. Also, the authors’ design did 

not contain control items, items presented only on the second day which could act as a baseline 

to measure facilitation or interference, limiting interpretation of the data. That is, although items 

that were tested or restudied were remembered better than items that were neither tested nor 

restudied, it is impossible to say if items would be recalled better or worse than items for which 

no conflicting information was learned. Additionally, the lack of control items prevents the 

possibility of item analyses to rule out item selection effects. Inclusion of control items would 

allow experimenters to control for the memorability of items and ensure that different rates of 

reminding and recall at test are not the result of some items simply being easier to remember. 

1.4 The Current Experiments 

The goal of the current experiments was to scale the basic effects of being reminded to 

escape proactive interference to materials more relevant to educational contexts and extend 

ecological validity of the results. The first two experiments serve to demonstrate that 
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educationally relevant materials such as those used in Pashler et al. (2013) can replicate the 

moderating effect of being reminded, showing facilitation when reminded and interference in the 

absence of reminding, found by Wahlheim and Jacoby (2013). The current experiments conform 

more closely to the classic A-B, A-D interference paradigm than Pashler et al. (2013), with items 

presented one at a time and one sentence per topic per list. Importantly, these experiments 

contain control items, items presented only on the second list, that can be used as a baseline for 

memory performance from which one can observe facilitation and interference. To examine 

being reminded, measures of being reminded used by Jacoby et al. (2015) were included. All 

experiments include a recollection of change procedure at test to infer whether participants were 

reminded while studying. Experiment 2 and Experiment 3 also included a measure of change 

detection during the second list, to more directly assess whether participants were retrieving the 

original statements while studying the second list, rather than simply recalling both statements 

independently at the time of test.  

Experiment 1 and Experiment 2 are intended to provide initial evidence that moderating 

effect of being reminded can be found with educationally relevant materials. I predicted that 

when reminded, participants would display facilitation for changed information. However, in the 

absence of being reminded, participants would display interference. Experiment 3 and 

Experiment 4 explored the possibility of decreasing and increasing the benefit of being 

reminded, respectively. Experiment 3 aimed to compare the effects of being reminded over 

meaningful retention intervals similar to what one may encounter in schools rather than the 

truncated retention intervals typically found in studies of interference. It was predicted that 

delayed testing will result in additional forgetting of remindings, thus reducing facilitation and 

increasing proactive interference as compared to participants who take an immediate memory 
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test. In contrast, Experiment 4 aimed to increase remindings by using the encoding strategies 

used by Pashler et al (2013) that resulted in facilitation. It was predicted that participants would 

be reminded more often on items for which they had previously been tested upon or restudied as 

compared to items for which they were neither tested nor restudied, and increased rates of 

reminding would result in additional facilitation. 
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CHAPTER 2 

 

EXPERIMENTS 
 
 

2.1 Experiment 1 

 
Experiment 1 was designed to demonstrate that the moderating effects of being reminded 

found in Wahlheim and Jacoby (2013) could be replicated with educationally relevant materials 

such as those used in Pashler et al. (2013). The design closely resembled Wahlheim and Jacoby 

(2013). Participants studied two lists of statements and at recall were given the topic of a 

statement and asked to recall the statement presented in List 2. A third of items presented in List 

2 were interference items about a repeated topic but with a contradictory statement. List 2 also 

contained repetitions from the first list and control items, statements about completely new 

topics. The inclusion of control items provides a baseline for memory performance. At test, 

participants were also asked if the statement had changed between lists, and, if so, to report the 

contradictory statement from List 1. This measure of recollection of change was used as an 

indirect measure of whether the participant had been reminded during encoding of List 2. It was 

predicted that items for which participants recollected being reminded would display facilitation 

as compared to control items, and items for which participants did not report being reminded 

would display reduced recall as compared to control items. 

2.1.1 Method 

Participants. Thirty undergraduate students at Florida State University participated in 

exchange for partial course credit. All participants were tested individually. 

Design and materials. The within-participant design consisted of three types of items: 

Control items presented only in the second list, repetition items presented in both the first and 
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second list, and interference items which shared a topic but presented contradictory statements 

about the topic.  

Materials are presented in Appendix A. Initial materials were drawn from Pashler et al. 

(2013). Additional topics and statements were created to increase the number of topics learned. 

Newly created items were designed to be similar in complexity and difficulty as those from 

Pashler et al. (2013). Pilot testing was conducted to assess the difficulty of items; pilot testing 

showed a similar level of difficulty between newly created items and items from Pashler et al. 

(2013), and no items demonstrated at floor or at ceiling levels of recall. All topics were created 

such that there were two possible statements about the topic, with each statement concerning the 

same information but contradicting each other (e.g. Chef Leonardi Franco is a “famous chef in 

Italy” vs. a “famous chef in France”). Three sets of 12 items were created. For each participant, 

one set of items served as control items, one set served as repetition items, and one set served as 

interference items. Sets were counterbalanced between participants resulting in three 

counterbalances. 

List 1 consisted of 24 items: 12 repetition items and 12 interference items. List 2 

consisted of 36 items: 12 repetition items (repeated between lists), 12 interference items (the 

same topic with a contradictory statement), and 12 control items (completely new topics not 

present in List 1). At test, participants were cued with all topics from List 2. 

Procedure. The experiment was administered using E-Prime 2.0. An experimenter read 

all instructions to the participant and ensured the participant understood all instructions. 

Participants were instructed to read each statement aloud and to use the remaining time to 

attempt to commit the statement to memory. List 1 items were presented one at a time in a 
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random order. All items were presented for 15s followed by a 500ms pause between items 

(interstimulus interval, ISI). 

Prior to List 2, participants were informed that some of the information they had learned 

in List 1 was erroneous. Participants were told that they should try to learn the information 

presented in List 2, as it was the accurate information. Additionally, participants were told that 

some information presented in List 1 was accurate and would be presented again, and some 

completely new statements would be included to be learned as well. As in List 1, items were 

presented in one at a time in a random order for 15s followed by a 500ms ISI. 

At test, participants were presented with each topic presented in List 2 (e.g. Leonardi 

Franco) and asked to recall the statement that was presented about that topic in List 2. 

Participants recalled statements aloud and an experimenter entered them into the computer. After 

recall of each item, participants completed a recollection of change measure. A screen would 

appear with the text “Did the statement change from List 1 to List 2?” with a box labeled “Yes” 

and a box labeled “No.” If the participant clicked the “Yes” box, a new screen would appear with 

the test “What was the statement on List 1?” and the experimenter entered the participant’s 

response. After entering the participant’s response, or the participant clicked the “No” box on the 

previous screen, participants would move on to the next item.  

2.1.2 Results and Discussion 

Responses were scored by a research assistant, rescored by a second research assistant, 

and any discrepancies in scoring were resolved myself. Initial rater agreement was over 98%. 

Scorers were instructed to adopt a liberal criteria for recall, scoring for meaning rather than 

specific words. As with Pashler et al. (2013), participants were awarded full credit if the meaning 
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of their response matched the correct response and half a point if the response was partially 

correct. 

Correct Recall. The probability of correct recall by item type is reported in Table 1. As 

predicted, participants demonstrated superior recall for repetitions as compared to control items 

presented only on List 2,  t(29) = -4.83, p < .001, d = -0.84. Of more interest to this study, 

participants recalled significantly more interference items than control items, t(29) = -8.99, p < 

.001, d = -0.88, indicating facilitation for interference items. Recall did not differ between 

interference items and repetition items, t(29) = 0.11, p = .92, indicating that previously studying 

a contradictory statement about the same topic influenced recall at a similar magnitude as 

previously studying the same statement. 

 
 
Table 1: List 2 mean recall as a function of item type in Experiment 1 and Experiment 2. 
 
  

        Item Type 
______________________________________________________________________________ 
             Repetition  Control           Interference 
______________________________________________________________________________ 
Experiment 1    .60 (.04)  .45 (.04)  .60 (.03) 
                                      
Experiment 2    .71 (.05)  .41 (.06)  .55 (.06)  

Standard error of the means are presented in parentheses. 
 
 

As discussed in the introduction, the typical finding in interference experiments is that the 

changed items are remembered less well than control items. However, facilitation is not unheard 

of in studies using an interference paradigm (e.g. Barnes & Underwood, 1959; Bruce & Weaver, 

1973; 1959; Chandler & Gargano, 1995; Robbins & Bray, 1974a, b). These studies have since 

been interpreted by some as an indication of facilitation due to reminding (e.g. Benjamin & Ross, 

2011; Jacoby et al., 2015). As noted by Robbins and Bray (1974b), a key difference in Robbins 
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and Bray (1974b) and Bruce and Weaver (1973), as well as the current study, as compared to 

traditional studies of interference is that participants were made aware of the A-B, A-D design 

prior to learning. Awareness of the relationship may be important in increasing the probability of 

being reminded (see Asch, 1969). As further analysis will show, facilitation as a result of 

reminding is likely to explain the facilitation found in the overall memory data here as well.  

Recollection of Change and Conditionalized Recall. The likelihood of being reminded 

can be inferred from the responses from the recollection of change procedure completed at test. 

Participants responded “Yes” to the question regarding the statement changing and were able to 

recollect the List 1 response for 43% of interference items (M = .43, SE = .05). Following 

Wahlheim and Jacoby (2013), I analyzed the recall of interference items on List 2 contingent on 

whether participants successfully recollected change or reported that the item had not changed. 

See Table 2 for means of conditionalized recall. Differing degrees of freedom in contingency 

analyses are due to the exclusion of data from participants who did not have at least one 

observation per cell. 

 
 
Table 2: List 2 recall of interference items contingent on recollection of change and control items 
for Experiment 1 and 2.  
 
 

        Item Type 
______________________________________________________________________________ 

Change Recollected  Control        Change Not Recollected 
______________________________________________________________________________ 
Experiment 1    .92 (.03)  .44 (.04)  .28 (.06) 
                                      
Experiment 2    .84 (.06)  .40 (.06)  .31 (.07)  

Standard error of the means are presented in parentheses. 
 

As predicted, items for which participants recollected change displayed significant higher 

rates of recall as compared to control items, t(26) = -11.98, p < .001, d = -2.32. That is, if 
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participants were reminded of that item during study (as inferred by later recollection of change), 

participants displayed facilitation when later when recalling the corresponding item. In contrast 

to when participants were reminded, as predicted, interference items for which participants 

reported there was no change displayed significantly lower recall as compared to control items, 

t(26) = 2.65, p = .014, d = 0.53. In sum, the conditionalized results match the predictions. 

Participants only displayed the traditional interference effect when they were unaware that an 

item had changed between lists. When participants were reminded, participants instead displayed 

facilitation. 

Hierarchical Regression Analyses. Although unlikely to completely explain the effects, 

given counterbalancing and facilitation in the overall recall, I next examined the data for item 

selections effects. Item selection effects could produce the facilitation found in the 

conditionalized data if some topics were simply easier to remember than others. That is, it could 

be argued that, when conditionalizing results contingent on recollection of the List 1 response, 

experimenters are simply separating easy to remember topics and hard to remember topics. To 

address these concerns, following Wahlheim and Jacoby (2013), I conducted a hierarchical 

multiple regression analysis to determine the contribution of recollecting change after controlling 

for differences in item memorability in predicting the recall of List 2 interference items.  

On the first step of the model, I controlled for the memorability of statements by entering 

the performance of the topic when it was presented as a control item. This analysis was possible 

due to counterbalancing that resulted in every item being presented equally often as a control 

item and as an interference item across participants. On the second step of the model, I examined 

the influence of recollection of change for the item. The dependent variable was recall of 

interference items. I predicted that, although the memorability of the items likely vary and could 
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explain some variance, recollection of change would contribute to the recall of interference items 

over and above the memorability of the item. This would translate to unique variance in both the 

first and second step of the model. 

 

Table 3: Proportion of variance explained (R2change) in A-B, A-D recall performance by item 
differences and recollection of change for Experiments 1 and 2. 
 
 

 
Step   Experiment 1  Experiment 2    

 
Step 1:    .60***  .10*   
Item differences 
 
Step 2:    .13***  .58***   
Recollection of Change  
 

* indicates significance at p < .05 
** indicates significance at p < .01 
*** indicates significance at p < .001 

 

The unique variance accounted for by each step of the model is shown in Table 3. As 

predicted, the unique variance accounted for in the first step of the model indicates differences in 

recall of interference items due to variability in item memorability, but the unique variance 

accounted for in the second step demonstrates that recollecting change accounts for additional 

unique variance in the recall of interference items over and above the item differences. That is, 

although item effects exist, recollection of change still continues to predict performance of 

interference items over and above differences in item memorability.  

Again following Wahlheim and Jacoby (2013), I also examined these differences at the 

participant level. This model was similar but completed at a participant level rather than the item 

level, controlling for differences in participants’ general memory abilities. The mean recall of 
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control items was entered on the first step of the model as an index of participants’ general 

memory abilities; the second step again examined the influence of recollecting change; and the 

dependent variable was again recall of interference items. The unique variance accounted for by 

each step of the model is shown in Table 4. The unique variance accounted for in the first step of 

the model indicate that an individual’s general memory ability explains a significant portion of 

the variance. However, the unique variance accounted for in the second step of the model shows 

that, again, recollection of change accounts for additional variance over and above recall 

differences due to differences in an individual’s memory abilities. 

 

Table 4: Proportion of variance explained (R2change) in A-B, A-D recall performance by 
differences in participant memory and by recollection of change for Experiments 1 and 2. 
 
 

 
Step   Experiment 1  Experiment 2   

 
Step 1:    .37***  .61***    
General memory differences 
 
Step 2:   . 42***  .21***    
Recollection of Change 
 

* indicates significance at p < .05 
** indicates significance at p < .01 
*** indicates significance at p < .001 

 

Summary. Experiment 1 demonstrated that the moderating effect of being reminded, 

facilitation when reminded and interference when not reminded, found by Wahlheim and Jacoby 

(2013) could be replicated using educationally relevant materials such as those used by Pashler et 

al. (2013). When participants recollected change, recall demonstrated facilitation as compared to 

control items; when participants failed to recollect change, participants demonstrated 
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interference as compared to control items. Importantly, the inclusion of control items provided a 

baseline for memory from which to measure facilitation and interference that was absent in 

Pashler et al. (2013). The effect of recollection change remained after controlling for item 

memorability and differences in participants’ general memory abilities, indicating that results 

were not driven by item selection effects. 

2.2 Experiment 2 

 

Experiment 2 was conducted to replicate the moderating effect of reminding on 

contradictory materials and confirm that that reminding occurred at the time of encoding. One 

could argue that the recollection of change measure used in Experiment 1 merely reflected the 

ability to independently recall List 1 statements at retrieval, rather than evidence that participants 

had previously been reminded during encoding. To address this concern, Experiment 2 added a 

change detection task during study of List 2. After studying the statement for a fixed amount of 

time (15s), participants were asked if the statement had changed from List 1, and, if so, to report 

the original statement. Successful reporting of the original statement was counted as a reminding. 

The change detection procedure acts as a direct measure of being reminded, in contrast to the 

recollection of change measure from which it was instead inferred that reminding had previously 

occurred. Additionally, Experiment 2 was conducted online using Qualtrics surveys for 

programming and Amazon Mechanical Turk for recruitment (see Mason & Suri, 2012 for more 

information about Mechanical Turk). Mechanical Turk allows for rapid data collection from a 

sample more heterogeneous than a typical undergraduate general psychology population. 

Although there are still concerns by some, data has been shown to be reliable in test-retest 

studies (Buhrmester, Kwang, & Gosling, 2011) and the website is often used for recruitment in 

psychology experiments. 
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It was predicted that Experiment 2 would replicate Experiment 1. Additionally, the 

inclusion of the change detection measure provides insight as to whether participants were 

reminded during encoding or whether the recollection of change data in Experiment 1 was 

partially the result of separately recalling each statement for a given topic at the time of test. 

Successful replication would also validate Amazon Mechanical Turk as a useful platform for 

recruiting participants in future experiments.  

2.2.1 Method 

Participants. Thirty-six individuals were recruited using Amazon Mechanical Turk. 

Participants were restricted to individuals between the ages of 18-64, within the United States, 

and with work approval rates of 99% or higher. Of the 36 recruited, two were excluded for 

writing down statements, one was excluded for retaking the experiment, and four were excluding 

for not appropriately completing one or more parts of the experiment, leaving data for 29 

participants to be analyzed. Participants completed the experiment online from their personal 

computer in exchange for $4.00. 

Design, materials, and procedure. The design and materials were similar to Experiment 1 

with the following exceptions. Experiments were conducted online using Qualtrics. Instructions 

prior to beginning the experiment emphasized that because they were completing a memory 

experiment, it was important that they devote their complete attention to the task. As there was 

not an experimenter present to respond to questions during the task, prior to beginning the first 

list, participants studied and were tested with four unused statements and were provided 

feedback on what the appropriate responses should look like. The completion of this short 

practice list was meant to mitigate misunderstandings in the study and recall of items. 
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Prior to beginning List 2, after being told that some information studied in List 1 was 

erroneous, participants were told that their secondary task in this experiment would be to note 

changes and report the original statement from the first list. All items were again presented for 

15s. As soon as the item appeared, participants were provided with additional text below the item 

that asked “Did this statement change?” with buttons labeled “Yes” and “No” displayed below. 

Participants were immediately able to make their judgment, but the button to click “Next” did 

not appear until the entire 15s had elapsed, at which time they were free to click “Next” to 

continue. If participants selected the “Yes” bubble, they would then be asked to provide the 

original statement from List 1. If participants selected the “No” bubble, they would move on to 

the next item. 

After the task, participants answered a short series of questions including demographic 

information, attention checks to ensure participants were paying attention, and questions 

concerning writing down information or other reasons for possible exclusion. 

2.2.2 Results and Discussion 

Data were scored in the same manner as in Experiment 1. Initial interrater reliability was 

over 95%. 

Correct Recall. The probability of correct recall by item type is reported in Table 1. 

Results largely replicate Experiment 1. As in Experiment 1, participants demonstrated superior 

recall for repetitions as compared to control items,  t(28) = -5.93, p < .001, d = -1.11, and 

superior recall for interference items as compared to control items, t(28) = -3.75, p < .001, d = -

0.70, indicating facilitation for interference items. Unlike Experiment 1, recall was significantly 

greater for repetitions as compared to interference items, t(28) = 0.11, p < .001, d = -0.73. The 

significant difference here stems from greater recall of repetition items here as compared to 
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Experiment 1. Greater recall of repetition items may result from the change detection instructions 

encouraging looking back to List 1, increasing the probability of participants being reminded for 

repetitions (see Wahlheim, Maddox, & Jacoby, 2014), but was not the focus of this study. 

Change Detection and Recollection of Change. Participants detected contradictory 

statements and were able to recall the previous statement 64% of the time (M = .64, SE = .05), 

indicating a high rate of reminding during encoding. Participants recollected change at test for a 

total of 48% of statements (M = .48, SE = .06), a result similar to that of Experiment 1. Although 

the change detection task may have increased reminding as compared to mere instructions to be 

aware and look for contradictions in Experiment 1, the effect would appear to be small if it 

exists. Comparisons of the change detection and recollection of change results indicate that recall 

of the contradictory statement for the first time at the time of test was rare. Only three 

participants displayed a higher proportion of recollection of change than change detection; of 

those three participants, only one recalled more than one additional item. That is, participants 

tended to be reminded during study, rather than separately recall both statements at the time of 

test. Most participants displayed lower recollection of change than change detection, reflecting 

forgetting of the reminding by the time of test. 

Conditionalized Recall. As in Experiment 1, I analyzed the recall of interference items on 

List 2 contingent on whether participants successfully recollected change or reported that the 

item had not changed. See Table 2 for means of conditionalized recall. Differing degrees of 

freedom in contingency analyses are due to the exclusion of data from participants who did not 

have at least one observation per cell. As in Experiment 1, items for which participants 

recollected change displayed significant higher rates of recall as compared to control items, t(21) 

= -7.16, p < .001, d = -1.53, demonstrating the benefit of being reminded. However, though 
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numerically in the predicted direction, interference when participants were not reminded did not 

reach statistical significance, t(21) = 1.33, p = .10, d = 0.28 (one-tailed).  

Two possible explanations for why interference did not reach significance in Experiment 

2 as it did in Experiment 1 are power and a misunderstanding of instructions. Data from only 22 

participants qualified for inclusion in the conditionalized analysis, reducing the power to detect 

effects. The experiments following this one use much larger sample sizes to address this 

possibility. However, power is unlikely to explain the lack of interference; a power analysis 

reveals only a slightly underpowered sample (using the effect sizes from Experiment 1, a power 

level of .80 would require 24 participants for a one-tailed t-test), yet results did not approach 

significance. Another possibility is that some online participants may not have understood 

instructions. Five participants displayed 0% recall of control items, something that did not occur 

once in laboratory experiments; additionally, four of these five participants displayed normal 

levels of recall for other items in the experiment, indicating that they may have been focusing 

only on change detection and ignoring the task of learning all new items. To address the 

possibility of not understanding instructions, experiments following this one include additional 

instruction checks to ensure that participants understand all instructions. However, the lack of 

interference in the conditionalized data may be more complicated. Alternative interpretations 

will be discussed further in the results of Experiments 4 and the General Discussion. 

Hierarchical Regression Analyses. I examined the influence of item effects in the same 

manner as in Experiment 1. The unique variance accounted for by each step of the model is 

shown in Table 3. As before, item differences accounted for unique variance in recall, however, 

recollection of change accounted for unique variance over and above that of item differences. 
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Also using the same methodology as in Experiment 1, I analyzed differences at the 

participant level. Although general memory abilities explained a portion of the variance, 

recollection of change accounted for unique variance over and above variance accounted for by 

general memory abilities (Table 4). Taken together, these analyses indicate that recollection of 

change is important in the recall of contradictory information, and conditionalized results are 

unlikely to be solely the result of item selection effects. 

Summary. Results from Experiment 2 largely replicated and extended those of 

Experiment 1 using Amazon Mechanical Turk. Contradictory statements showed facilitation as 

compared to control items and conditionalized analyses indicate that the facilitation was due to 

being reminded. Importantly, the use of change detection validates and confirms that recollection 

of change in an indicator of being reminded during List 2, and argues against the notion that 

recollection of change represents participants noticing change for the first time at the time of test 

or independently recalling statements. However, interference in the absence of reminding was 

not significant. Experiments 3 and 4 will further address the lack of interference in the 

conditionalized data. 

2.3 Experiment 3 

 

Experiment 3 aimed to extend the results of the previous experiments to more 

ecologically valid retention intervals (the time between the end of encoding and the start of 

testing). Memory studies are usually conducted within a single session. However, in real life, 

information often has to be remembered for longer than the duration of a single session 

psychology experiment. Retention intervals can be important for demonstrating effects in 

memory. For example, in many situations, studies of retrieval practice reveal no benefit of being 

tested on material as compared to restudying material when using a short retention interval, but 
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the benefit of testing reveals itself with the use of longer retention intervals (Roediger & 

Karpicke, 2006; but see also Karpicke, Lehman, & Aue, 2014). As Jacoby et al. (2015) noted the 

necessity of recollecting the reminding at recall to escape proactive interference, one might 

speculate that a longer retention interval could erase the benefit of being reminded due to 

forgetting of the reminding across time.  

Experiment 3 utilized two conditions. Participants in the immediate-test condition 

completed the task in a single session. Participants in the delay-test condition learned during an 

initial session (List 1 and List 2) but did not complete the memory test until four days later. It 

was predicted that the delay-test condition would display lower recall as compared to the 

immediate-test condition. Importantly, due to forgetting of the reminding over time, it was 

predicted that the delay-test condition would forget more changes than the immediate-test 

condition, resulting in a reduction (or elimination) of facilitation in the unconditionalized results. 

2.3.1 Method 

Participants. One hundred sixty-two individuals were recruited using Amazon 

Mechanical Turk. Eighty-one participants were in the immediate-test condition and 81 

participants were be in the delay-test condition. Participants were restricted to individuals 

between the ages of 18-64, within the United States, and with work approval rates of 99% or 

higher. Participants completed the experiment online from their personal computer in exchange 

for $4.00. Forty participants were excluded from analysis for the following reasons: not 

completing session two (12 delay, 8 immediate), failing instruction checks (4 delay, 14 

immediate), or having previously completed a similar experiment (1 delay, 1 immediate). The 

resulting sample consisted of 122 participants, 58 participants in the immediate-test condition 

and 64 in the delayed-test condition. 
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 Design, materials, and procedure. The design and materials were similar to Experiment 2 

with the following exceptions. One-half of participants, those in the delay-test condition, did not 

complete the test portion of the experiment until after a four day delay. To equate for possible 

differences in participants who do not return for the second session, participants in the 

immediate-test condition were also required to return for a second session in order to be included 

in analysis; participants in this condition were simply debriefed and thanked for participating. 

Additional checks were included throughout to ensure that there was as little confusion as 

possible in regards to understanding the instructions. 

2.3.2 Results and Discussion 

Data were scored in the same manner as in the previous experiments. Initial interrater 

reliability was greater than 97%. 

 

Table 5: List 2 mean recall as a function of item type and condition in Experiment 3. 
 
  

        Item Type 
______________________________________________________________________________ 
             Repetition  Control           Interference 
______________________________________________________________________________ 
Immediate Test   .67 (.03)  .33 (.04)  .53 (.04) 
                                      
Delay Test    .35 (.04)  .10 (.02)  .23 (.03)  

Standard error of the means are presented in parentheses. 
 

Correct Recall. The probability of correct recall by item type and condition is reported in 

Table 5. Results in the immediate-test condition largely replicate Experiments 1 and 2. As in the 

previous experiments, participants demonstrated superior recall for repetitions as compared to 

control items,  t(57) = -9.64, p < .001, d = -1.27, and superior recall for interference items as 

compared to control items, t(57) = -5.54, p < .001, d = -0.74, indicating facilitation for 
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interference items. As in Experiment 2, recall was significantly greater for repetitions as 

compared to interference items, t(57) = 4.86, p < .001, d = 0.64.  

Contrary to predictions, participants in the delay-test condition showed the same pattern 

of results as participants in the immediate-test condition (although recall was much lower). 

Recall of repetitions was as expected. Participants demonstrated superior recall for repetitions as 

compared to control items,  t(63) = -7.40, p < .001, d = -1.1, and, as in Experiment 2, recall was 

significantly greater for repetitions as compared to interference items, t(63) = 4.41, p < .001, d = 

0.59. However, notably, participants still demonstrated superior recall for interference items as 

compared to control items, t(63) = -4.49, p < .001, d = -0.59, indicating facilitation for 

interference items. Significant facilitation persisted despite much lower rates of recollection of 

change following a delay, as will be reported below.  

A condition (immediate-test vs. delay-test) x item type (control vs. interference) mixed 

model ANOVA confirms that there was not an interaction, F(1, 120) = 2.69, p = .10, η² = .02, 

indicating that forgetting of the reminding did not reduce facilitation in the delay-test condition, 

contrary to predictions. But, as expected, there was a main effect of condition, F(1, 120) = 39.49, 

p < .001, η² = .25, such that recall was greater in the immediate-test condition than the delay-test 

condition. There was also a main effect of item type, F(1, 120) = 51.78, p < .001, η² = .30, such 

that interference items were remembered better than control items. 

Change Detection and Recollection of Change. Participants in the immediate-test 

condition detected contradictory statements and were able to recall the previous statement 64% 

of the time (M = .64, SE = .03) and participants in the delay-test condition were able to detect 

contradictory statements and were able to recall the previous statement 70% of the time (M = .70 

SE = .03). There was no difference in the rate of change detection between conditions, t(120) = -
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1.46, p = .17, d = -0.27. The rates of change detection are similar to those of Experiment 2 and 

indicate that reminding happens frequently during encoding.  

Participants in the immediate-test condition recollected change at test for a total of 54% 

of statements (M = .54, SE = .04), a result similar to those found in Experiment 1 and 2. Lower 

recollection of change than change detection indicates that reminding occurred during encoding 

and noticing change for the first time at test was rare. Individual examination of change detection 

and recollection of change at the item level confirm this fact. Participants in the delay-test 

condition recollected change at test for only 33% of statements (M = .31, SE = .03), significantly 

less often than participants in the immediate-test condition, t(120) = 4.38, p < .001, d = .79, 

indicating that participants forgot previously being reminded following a delay.  

 
Table 6: List 2 recall of A-B, A-D interference items contingent on recollection of change and 
control items by condition for Experiment 3.  
 
 

        Item Type 
______________________________________________________________________________ 

Change Recollected  Control        Change Not Recollected 
______________________________________________________________________________ 
Immediate Test   .69 (.05)  .35 (.04)  .30 (.05) 
                                      
Delay Test    .28 (.06)  .12 (.03)  .07 (.02)  

Standard error of the means are presented in parentheses. 
 

Conditionalized Recall. As in previous experiments, I analyzed the recall of interference 

items on List 2 contingent on whether participants successfully recollected change or reported 

that the item had not changed. See Table 6 for means of conditionalized recall. Differing degrees 

of freedom in contingency analyses are due to the exclusion of data from participants who did 

not have at least one observation per cell. As in the previous experiments, items for which 

participants recollected change displayed significant higher rates of recall as compared to control 
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items both for participants in the immediate-test condition, t(50) = -6.38, p < .001, d = -0.91, and 

in the delay-test condition, t(43) = -2.84, p < .01, d = -0.47. These results again demonstrate the 

memory benefit of being reminded.  

However, contrary to predictions, participants did not demonstrate interference for 

contradictory statements for which they did not report being reminded in the immediate-test 

condition, t(50) = -1.12, p = .27, d = 0.16, and interference was only marginally significant in the 

delayed-test condition, t(43) = -1.88, p = .07, d = 0.29.  

The lack of interference in the delay-test condition may be explained simply by memory 

performance approaching floor. With baseline control memory performance approaching zero, it 

is difficult to demonstrate worse recall for interference items. However, the lack of inference in 

the immediate-test condition is more difficult to explain. This result mirrors Experiment 2, again 

in contrast to the finding of interference in the absence of reminding in Experiment 1. This issue 

will be further explored in Experiment 4. 

Hierarchical Regression Analyses. I examined the influence of item effects in the same 

manner as in the previous experiments. The unique variance accounted for by each step of the 

model is shown in Table 7. In the immediate-test condition, results are similar to the previous 

experiments; item differences accounted for unique variance in recall, however, recollection of 

change accounted for unique variance over and above that of item differences. That is, being 

reminded contributed to the unique variance in recalling interference items even after controlling 

for item memorability. In the delay-test condition, however, results were not significant at either 

level. This is likely due to memory performance in this condition approaching floor. 
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Table 7: Proportion of variance explained (R2change) in A-B, A-D recall performance by item 
differences and recollection of change in Experiment 3. 
 
 

 
Step  Immediate Test Delay Test    

         
Step 1:    .26***  .00ns   
Item differences 
 
Step 2:    .18**  .09ns   
Recollection of Change  
 

* indicates significance at p < .05 
** indicates significance at p < .01 
*** indicates significance at p < .001 
 

 

 

Table 8: Proportion of variance explained (R2change) in A-B, A-D recall performance by 
differences in participant memory and by recollection of change in Experiment 3 
 
 

 
Step  Immediate Test Delayed Test   

 
Step 1:    .34***  .28***    
General memory differences 
 
Step 2:   . 37***  .35***    
Recollection of Change 
 

* indicates significance at p < .05 
** indicates significance at p < .01 
*** indicates significance at p < .001 
 
 

Also using the same methodology as in previous experiments, I analyzed variation in 

recall of interference items at the participant level. In both conditions, although general memory 

abilities explained a portion of the variance, recollection of change accounted for unique 

variance over and above differences due to general memory abilities (Table 8). That is, being 



39 

reminded contributed to the unique variance in recalling interference items even after controlling 

for an individual’s memory ability. Taken together, these analyses indicate that recollection of 

change is important in the recall of contradictory information, and conditionalized results are 

unlikely to be solely the result of item selection effects. 

Summary. Experiment 3 replicated the results of Experiment 2, emphasizing the critical 

importance of being reminded to produce facilitation. Although a delay reduced memory 

performance overall, including the recollection of change, the overall pattern of results remained 

the same between the immediate-test and delay-test conditions. Facilitation was found even after 

a four-day delay. Conditionalized analyses again confirmed that facilitation was only found 

when participants had been reminded. Results demonstrate that reminding is beneficial for 

longer, more ecologically valid retention intervals than typically found in memory experiments. 

However, interference in the absence of reminding again failed to reach significance in either 

condition. The lack of interference will be further explored in Experiment 4.  

2.4 Experiment 4 

 

The aim of Experiment 4 was to find manipulations to increase the probability of being 

reminded. Pashler et al. (2013) found that being tested or restudying erroneous information 

resulted in facilitation of contradictory information as compared to items that were not tested or 

restudied. I infer that the facilitation of new learning in Pashler et al. (2013) resulted due to 

increased reminding due to testing and restudy. In Experiment 4, I used these manipulations in a 

design mirroring the previous experiments, with recollection of change at test as a measure of 

being reminded. It was predicted that items for which participants are tested or restudy 

corresponding contradictory information will demonstrate facilitation, as in Pashler et al. (2013), 
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and that analysis of recollection of change will reveal that facilitation is due to an increase in 

reminding. 

2.4.1 Method 

Participants. Seventy-three individuals were recruited using Amazon Mechanical Turk. 

Participants were restricted to individuals between the ages of 18-64, individuals within the 

United States, and individuals with work approval rates of 99% or higher. Participants completed 

the experiment online from their personal computer in exchange for $4.00. Six participants were 

excluded from analysis for either having already completed a prior experiment or admitting to 

writing down information. The resulting sample consisted of 67 participants. 

 Design, materials, and procedure. The design and materials were similar to Experiment 2 

with the following exceptions. Four additional statements were included for a total of 40 items. 

Items were divided into four sets of 10 items and counterbalanced as each item type between 

participants, resulting in four counterbalances. Rather than repetition items, additional 

interference items were included in List 1. Between List 1 and List 2, participants were tested for 

one third of interference items; participants were presented with the cue and asked to recall the 

corresponding statement for each cue, just as during recall. Participants then restudied one third 

of interference items, with items being presented again just as in List 1. One third of interference 

items were neither tested nor restudied. Participants did not complete a change detection task 

during List 2. As in Experiment 3, additional instruction checks were included throughout to 

ensure that there is as little confusion as possible in regards to understanding the instructions. 

2.4.2 Results and Discussion 

Data were scored in the same manner as in the previous experiments. Initial interrater 

reliability was over 99%. 
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Table 9: List 2 mean recall as a function of item type and condition in Experiment 4. 
 
  

        Item Type 
______________________________________________________________________________ 
   Control Tested  Restudy No Test/Restudy 
______________________________________________________________________________ 
   .53 (.04) .70 (.04) .66 (.04) .62 (.04)  

Standard error of the means are presented in parentheses. 
 
 

Correct Recall. The probability of correct recall by item type and condition is reported in 

Table 9. As in the previous experiments, interference items displayed facilitation as compared to 

control items. Recall was significantly greater than control items for items for which a 

corresponding interference item in first list had been tested, t(66) = -5.71, p < .001, d = -0.70, 

restudy items t(66) = -3.89, p < .001, d = -.48, and for items for which there was no test or 

restudy, t(66) = -3.64, p < .001, d = -.46. Importantly, the inclusion of control items that are only 

present on the second list provides for a true baseline for facilitation as compared to the 

experiments of Pashler et al. (2013), who were only able to examine facilitation of tested and 

restudied items as compared to interference items that were neither tested nor restudied.  

Examining the recall of interference items, as predicted, items for which a corresponding 

interference item in first list had been tested were remembered better than for items for which 

there was no test or restudy, t(66) = -3.43, p < .001, d = .43, and restudied items were marginally 

remembered better than items for items for which there was no test or restudy, t(66) = 1.69, p < 

.05 (one-tailed), d = .21. These results are similar to those of Pashler et al. (2013), who found 

that testing or restudying lead to better recall of contradictory facts later. The smaller magnitude 

of effects of restudied items found here may be due to the short retention interval between initial 

learning and restudy. Participants in Pashler et al. were not tested and did not restudy items until 
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Day 2, whereas participants in this experiment did so after just a few minutes. Longer lags 

between initial learning and restudy are often beneficial for later recall (Delaney, Verkoeijen, & 

Spirgel, 2010). As further analysis will show, the facilitation effects found here are due to 

differential reminding of items resulting in greater facilitation for tested and restudied items as 

compared to items that were neither tested nor restudied. Unlike Pashler et al. (2013), tested 

items were remembered significantly better than restudied items, t(66) = 2.04, p < .05, d = -.25. 

It is unclear why Pashler et al. did not find such a difference, however, as further analysis will 

show, the recall benefit of tested items over restudied items results due to reduced interference 

for tested items in the absence of reminding.  

Recollection of Change. Recollection of change varied by item type. For tested items, 

participants recollected change at test for a total of 58% of statements (M = .58, SE = .04). For 

restudied items, participants recollected change at test for a total of 59% of statements (M = .59, 

SE = .04). However, for items that were neither tested nor restudied, participants recollected 

change at test for only 44% of statements (M = .44, SE = .04). As predicted, recollection of 

change was greater for items that had been tested, t(66) = 6.07, p < .001, d = -0.75, and for items 

that had been restudied, t(66) = 5.91, p < .001, d = 0.73, as compared to items that had been 

neither tested nor restudied. Recollection of change did not differ between tested and restudied 

items, t(66) = 0.32, p = .75, d = -0.04. Differences in recollection of change due to testing and 

restudy imply that reminding was more likely to occur due to testing and restudying previous 

information. As shown in previous experiments, and further analysis here will show, being 

reminded results in facilitation. Therefore, an increase in recollection of change can not only 

explain the results of the current experiment, but could explain the results of Pashler et al. 
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(2013), which found improved recall for interference items following testing or restudying as 

compared to interference items that were neither tested nor restudied.  

 
Table 10: List 2 recall of A-B, A-D interference items contingent on recollection of change and 
control items by condition for Experiment 4.  
 
 

        Item Type 
______________________________________________________________________________ 

Change Recollected  Control        Change Not Recollected 
______________________________________________________________________________ 
Tested    .90 (.04)   .49 (.05)  .44 (.06) 
Restudy   .89 (.04)   .53 (.05)  .30 (.05)  
No Test/Restudy  .90 (.04)   .55 (.04)  .30 (.05)  

Standard error of the means are presented in parentheses. 
 
 

Conditionalized Recall. As in previous experiments, I analyzed the recall of interference 

items on List 2 contingent on whether participants successfully recollected change or reported 

that the item had not changed. See Table 10 for means of conditionalized recall. Differing 

degrees of freedom and control recall in contingency analyses are due to the exclusion of data 

from participants who did not have at least one observation per cell in each analysis. As in 

previous experiments, items for which change is recollected demonstrated superior recall as 

compared to control items; this pattern of results held for tested items, t(43) = -8.71, p < .001, d 

= -1.35, restudied items, t(42) = -7.85, p < .001, d = -1.23, and items for which there was neither 

a test nor restudy, t(47) = -7.90, p < .001, d = -1.15. These results again underscore the consistent 

and robust effect of being reminded producing facilitation.  

The conditionalized results of when change is not recollected may help illuminate results 

from previous experiments. As predicted, recall for interference items for which participants 

indicated no change had occurred was significantly lower than control recall for both restudied 

items, t(42) = -4.75, p < .001, d = 0.73, as well as items for which participants were neither 
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tested nor restudied, t(42) = 4.96, p < .001, d = 0.72. This pattern of results, interference when 

not reminded, conforms with Experiment 1 and other results in the literature (e.g. Jacoby et al., 

2015; Putnam et al., 2014; Wahlheim, 2015; Wahlheim & Jacoby, 2013). However, contrary to 

predictions, recall did not differ between control items and items for which a corresponding 

erroneous item had been tested and for which participants indicated no change had occurred, 

t(42) = 1.03, p = .31, d = 0.17. This result mirrors those of Experiment 2 and Experiment 3, 

which also found a lack of interference for items for which participants indicated that no change 

had occurred. Experiment 2 and Experiment 3 both included a change detection task. The change 

detection task was only meant to provide a measure of reminding as participants were studying, 

however, it may have functionally acted as a test, with participants actively trying to recall the 

previous statements for each cue (rather than reporting noticed change as a secondary task while 

studying, as instructed). That is, the lack of interference in Experiment 2 and Experiment 3 may 

be due to participants testing themselves with the change detection task, which the current results 

show reduces interference in the absence of reminding. 

Reduced interference for tested items is not novel. A number of other researchers have 

noted reduced or eliminated interference when participants are tested (Halamish & Bjork, 2011; 

Potts & Shank, 2012; Wahlheim, 2015). Wahlheim (2015) argued that the reduction in 

interference could be explained by an increase in reminding for tested items, with reminded 

items producing facilitation and offsetting the interference effect when not reminded. However, 

the current results show two benefits to being tested. First, as argued by Wahlheim, being tested 

increased the probability of being reminded, and being reminded increases facilitation. But 

second, being tested reduces (in the current experiment, eliminates) interference in the absence 

of reminding. Unlike the current results, Wahlheim (2015) found interference in the absence of 
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reminding. The exact reasons why the current results and Wahlheim (2015) differ are not clear, 

but possible explanations are discussed in the General Discussion. 

 

Table 11: Proportion of variance explained (R2change) in A-B, A-D recall performance by item 
differences and recollection of change in Experiment 4. 
 
 

 
Step   Tested  Restudy No Test/Restudy 
   

 
Step 1:    .03ns  .22**  .08ns 
Item differences 
 
Step 2:    .53***  .42***  .47***  
Recollection of Change  
 

* indicates significance at p < .05 
** indicates significance at p < .01 
*** indicates significance at p < .001 
 
 

Hierarchical Regression Analyses. I examined the influence of item effects in the same 

manner as in previous experiments. The unique variance accounted for by each step of the model 

is shown in Table 11. Unexpectedly, the first level of the model did not find unique variance for 

tested items and items for which there was neither a test nor restudy. It is not clear why item 

memorability did not contribute to recall in this experiment as it did in previous studies. 

However, the relevant finding is that, as with previous experiments, recollection of change did 

account for unique variance over and above any item differences for all interference items. 

Again, this analysis indicates that item selection effects did not drive the findings of the 

conditionalized analyses. 
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Table 12: Proportion of variance explained (R2change) in A-B, A-D recall performance by 
differences in participant memory and by recollection of change in Experiment 4. 
 
 

 
Step   Tested  Restudy No Test/Restudy  

 
Step 1:    .56***  .43***  .60***  
General memory differences 
 
Step 2:   . 26***  .40***  .11***   
Recollection of Change 
 

* indicates significance at p < .05 
** indicates significance at p < .01 
*** indicates significance at p < .001 

 

Also using the same methodology as in previous experiments, I analyzed differences at 

the participant level. The unique variance accounted for by each step of the model is shown in 

Table 12. As was found in the previous experiments, although general memory abilities 

explained a portion of the variance in the recall of interference items, recollection of change 

accounted for unique variance over and above differences due to general memory abilities for all 

interference item types. Again, these analyses indicate that recollection of change is important in 

the recall of contradictory information, and conditionalized results are unlikely to be solely the 

result of item selection effects. 

Summary. The results of Experiment 4 demonstrate the reminding can be increased 

through manipulations in study strategies. Being tested upon or restudying information before 

being presented with conflicting information resulted in more remindings than when information 

was not neither tested nor restudied. The conditionalized results emphasized the facilitation 

effect of being reminded. Additionally, the conditionalized data may provide insight as to why 

the results of Experiment 2 and 3 did not display interference in the conditionalized data when 



47 

the participant indicated that an item did not change: testing not only increased reminding (and 

thus facilitation) but also reduced interference when participant indicated that an item did not 

change. The results of Experiment 4 are consistent with the notion that Pashler et al. (2013)’s 

results may partially have been the result of facilitation due to increased reminding when testing 

and restudying. 
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CHAPTER 3 

 

GENERAL DISCUSSION 
 
 

3.1 Summary 

 
Wahlheim and Jacoby (2013) found that being reminded when encountering conflicting 

information had a moderating effect on memory performance. When participants are reminded 

upon encountering conflicting and recollect the reminding at recall, participants display 

facilitated recall of information; however, participants display a traditional interference effect in 

the absence of reminding. The goal of the current research has been to extend these findings to 

educationally relevant materials. Results from four experiments reported here indicate that the 

moderating effect of being reminded scale, at least in part, to materials relevant to educational 

contexts. All four experiments demonstrated facilitation due to reminding. Experiment 1 and 

Experiment 4 also demonstrated interference in the absence of being reminded; however, 

Experiment 2 and Experiment 3 failed to find interference in the absence of reminding, possibly 

due to change detection acting as a test and providing a protective benefit when not recollecting 

change. Experiment 3 and Experiment 4 also provided evidence that recollection of being 

reminded can be decreased or increased, respectively, through manipulations in experimental 

design. Experiment 3 demonstrated that a delay between encoding and retrieval decreased the 

probability of recollecting being reminded as compared to taking an immediate test, but also 

emphasized the long lasting effects of being reminded. Experiment 4 demonstrated the ability to 

increase the probability of recollection of being reminded by testing and by restudying the 

original information prior to learning the contradictory information.  
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3.2 Implications 

 

The results of these experiments have potential implications for learning in educational 

settings. Results imply that when updating contradictory information, one should try to think 

back to the previously learning information and integrate learning (Wahlheim, 2015). 

Suggestions of integration are in contrast to those who have suggested that segregating 

information to maximize list discrimination and prevent confusion is an optimal strategy for 

escaping interference (see Abra, 1972; Bilodeau & Schlosberg, 1951; Greenspoon & Ranyard, 

1957; Underwood & Ekstrand, 1967). In practice, it may be beneficial to reflect back to changed 

information, rather than merely focusing on the newly updated information. It may be useful for 

instructors to point out changes and differences in an attempt to increase reminding and 

transform proactive interference into produce facilitation. Research should be conducted to 

directly test this suggestion. 

As the mechanism underlying interference (response competition) does not differentiate 

between conflicting information and confusable information, such as operant conditioning and 

classical conditioning, these principles should hold true for interference stemming from 

confusable information as well. In practice, this suggests that instructors may be able to improve 

student learning by comparing and contrasting similar, potentially confusable information. 

Rather than trying to differentiate by covering materials separately and not referencing previous 

material, instructors may instead benefit from pointing out similarities to previous information to 

ensure student reminding and facilitation of previously learned information. That is, for instance, 

instructors could point out to students the similarities and differences between Roman gods and 

Greek gods at the time learning, as it may be more fruitful for learning to have students integrate 
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similar information rather than attempting to avoid confusion by attempting to separate the 

information. Again, research is necessary to directly test these suggestions. 

It is important to note that while it may be beneficial to point out conflicting or 

confusable information that already exists, it is a poor idea to purposely provide false 

information in an attempt to stimulate learning. In each experiment, merely repeating 

information was equally beneficial (Experiment 1) or more beneficial (Experiment 2 and 

Experiment 3) than learning conflicting statements. Repeating information carries the same (or 

greater) benefit that learning conflicting information carries, but without the downside of 

interference in the absence of reminding or the spreading of misinformation. Therefore, it is 

recommended that instructors should repeat information to increase learning rather than create 

misinformation. 

3.3 Future Directions 

 

The results of the current experiments provide us with a number of unanswered questions 

and avenues for future research. Why did Experiment 1 and Experiment 4 show interference in 

the absence of reminding while Experiment 2 and Experiment 3 failed to show interference in 

the absence of reminding? It appears to be due to testing. The results of Experiment 4 showed 

that although there was interference in the absence of reminding for items for which participants 

had restudied or neither been tested nor restudied, interference was not observed for items for 

which participants had been tested. I believe that the change detection procedure added to 

measure reminding during encoding in Experiment 2 and Experiment 3 acted as a test for 

participants. However, why does taking a test prevent interference in the absence of recollecting 

the reminding? Previous research has observed a reduction in interference following testing 

(Halamish & Bjork, 2011; Potts & Shank, 2012; Wahlheim, 2015), but previous explanations do 
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not fit the current data. Wahlheim (2015) argued that reduction in interference was due to 

increased reminding of tested items, resulting in greater facilitation that outweighed the 

interference effects in the absence of reminding. Although Experiment 4 shows an increase in 

recollection of change for tested items and facilitation when recollecting change, the results of 

Experiment 4 also show a lack of interference even when participants report that the item did not 

change. That is, even in the absence of reminding, a lack of interference is observed following a 

test, indicating that the reduction in interference is not solely due to facilitation caused by 

reminding. 

Szpunar, McDermott, and Roediger (2008) argued that testing protects against proactive 

interference due to increased list segregation and discrimination. Testing allows for participants 

to more easily discriminate one list from another list, which allows recall of the appropriate item 

at the time of recall (Johnson, Hashtroudi, & Lindsay, 1993). That is, taking a test between lists 

allows participants to mentally separate the lists, which aids in later retrieval because lists are 

now more discriminable. A list discrimination interpretation fits with classic findings in the 

literature observing a benefit of testing (Darley & Murdock, 1971; Robbins & Irving, 1976; 

Tulving & Watkins, 1974). However, a list discrimination benefit of testing is a list-wise effect. 

That is, all items on a list benefit if the lists become more discriminable. Therefore, a list 

discrimination account cannot explain the results of Experiment 4. The benefit of testing was 

specific to the items that were tested; only the tested items avoided interference, while items that 

were restudied or neither tested nor restudied still displayed interference. 

Another possibility is that interference is absent following testing due to the original 

learning being overwritten through a reconsolidation process (e.g. Chan & LaPaglia, 2013), as 

was predicted would occur by Pashler et al. (2013). Upon prior information being overwritten, 
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participants would not have access to the original response (not recollect the reminding) and 

could not experience interference as the competing memory trace is longer present. However, a 

reconsolidation explanation is difficult to reconcile with the high rates of recollection of change 

for tested items. If reconsolidation occurred, initial learning should be overwritten and 

inaccessible, preventing any recollection of change. Additionally, one might predict, as Pashler 

et al. (2013) predicted, similar rates of activation and overwriting for the restudied items as 

compared with tested items, yet restudied items still displayed interference when the reminding 

was not recollected. Reconsolidation does not seem to fit with the current results. 

An alternative explanation for why no interference is observed following a test is that the 

new information is learned better following a test of corresponding information as compared to 

learning of new, untested information. A finding in the eyewitness testimony literature is that 

individuals are more susceptible to misinformation (retroactive interference) if the individual had 

taken a memory test prior to reading misinformation in a summary (retrieval enhanced 

suggestibility; e.g. Chan, Thomas, & Bulevich, 2009; Gordon & Thomas, 2013). Recent work 

has indicated that increased susceptibility is due to improved encoding of the misinformation 

(Gordon & Thomas, 2013). Gordon and Thomas (2013) found that participants spent 

significantly more time reading the misleading statements (contradictions) following a test than 

they spent reading control statements. Allocating additional resources toward correcting errors is 

consistent with other findings in the literature. For instance, the hypercorrection effect finds that 

participants easily correct errors that are made with high-confidence. Hypercorrection occurs in 

part because participants tend to allocate additional attention to learning when receiving 

corrective feedback to high-confidence errors, even at the cost of ongoing task performance 

(Butterfield & Metcalfe, 2006).  
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A view that items following a test are better encoded due to error correction in the current 

data may also explain why Wahlheim (2015) found interference in the absence of reminding 

after testing while the current experiments did not. Unlike the current experiments, where 

participants were told that old information was erroneous and new information was accurate, 

participants in experiments using word pairs such as knee-bone and knee-bend, such as 

Wahlheim (2015), do not have an expectation that information is correct or incorrect. 

Participants are not told that some responses are more accurate than others. Participants simply 

make multiple associations to a single cue; there is no error to correct. Therefore, participants in 

Wahlheim (2015) may not have allocated additional resources in an effort to learn changed 

information. Future research should be conducted to explore why testing provides a protective 

effect when learning conflicting information. Specifically, research should assess whether new 

information corresponding to tested items are studied better than information corresponding to 

untested items. 

Future research should also aim to further extend ecological validity of materials. 

Although the current experiments provide promising evidence that the effects of being reminded 

scale to educationally relevant material, it is important to explore whether the effects scale to 

even more complex materials. The materials used in the current study are low in element 

interactivity, meaning that each element (i.e. statements) can be learned without reference to 

other statements in the task. In a review of the testing effect (the finding of superior recall for 

previously tested information), van Gog and Sweller (2015) found that although many studies 

had shown a robust benefit of testing using “educationally relevant materials,” these studies 

tended to have low element interactivity. Studies of the testing effect with high element 

interactivity, elements that are related and must be processed together (e.g. instructional texts on 
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scientific phenomena), found much smaller or null effects. It is possible that the effect of being 

reminded might be reduced or eliminated when using more complex, high element interactivity 

materials. However, it is important to note that other basic memory effects remain strong when 

using materials with high element interactivity. For example, effects of interference remain 

robust with materials with high element interactivity (e.g. Bower, 1974; Dempster, 1988a; Lovett 

& Anderson, 1994). Future studies should vary the element interactivity to examine how 

materials with high element interactivity may affect the probability of being reminded and the 

benefits of being reminded. 

3.4 Concluding Remarks 

 

The current experiments have provided promising results indicating that being reminded 

is useful for escaping proactive interference while learning with educationally relevant materials. 

Basic effects of facilitation appear to scale to more ecologically valid materials and more 

ecologically valid retention intervals. These effects would appear to have useful applications to 

learning and education. Future work should aim to further increase ecological validity and 

explore application in the classroom. 
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APPENDIX A 

 

MATERIALS 

 

 
Cue List 2 List 1 

Dr. William 
Van Jones 

Dr. William Van Jones discovered a 
new strain of a lethal bacteria. 

Dr. William Van Jones discovered 
a new strain of a lethal virus. 

Hurricane 
Komsky 

Hurricane Komsky was a large class 
5 storm. 

Hurricane Komsky was a small 
class 2 storm. 

Leena Goldberg Leena Goldberg is a television news 
anchor. 

Leena Goldberg is a newspaper 
writer. 

Lyphiamossia Lyphiamossia can only be treated by 
surgery. 

Lyphiamossia can be treated by 
taking daily medication. 

Markletown, 
New Jersey 

Markletown, New Jersey is the 
largest producer of oatmeal in 
America. 

Markletown, New Jersey is the 
largest producer of tires in 
America. 

Stemosaurus The Stemosaurus was a dinosaur that 
existed during the cretaceous period. 

Stemosaurus was a dinosaur that 
existed during the triasic period. 

Switch Cloud 
Band Member 
Grant Hanaway 

Grant Hanaway is the lead singer of 
Switch Cloud. 

Grant Hanaway is the lead guitarist 
of Switch Cloud. 

The Davidson 
Spider 

The davidson spider resembles a 
black window. 

The davidson spider resembles a 
brown recluse. 

The Lomelo 
Fruit 

The lomelo fruit is native to New 
Zealand. 

The lomelo fruit is native to 
Argentina. 

The Okrah 
Islands 

The Okrah Islands charge one of the 
highest sales taxes in the world. 

The Okrah Islands does not charge 
a sales tax. 

The Rilie Moth The rilie moth prefers dry climates. The rilie moth prefers wet climates. 

The State of 
Florida Clock 

The State of Florida Clock is an 
atomic clock. 

The State of Florida Clock is an 
quartz clock. 

Carolina Slang The movie Carolina Slang was 
released by Paramount Pictures. 

The movie Carolina Slang was 
released by Miramax. 

Director 
Roderigo 
Visconti 

Director Roderigo Visconti's father 
was a poet. 

Director Roderigo Visconti's father 
was also a director. 

Emerald Bass Emerald bass are found in rivers in 
North America. 

Emerald bass are found in rivers in 
Eastern Europe. 

Max Planck 
Free University 

Max Planck Free University is 
renowned for their Physics 
department. 

Max Planck Free University is 
renowned for their Mathematics 
department 

Nobel Prize 
Winner Igor 
Brovlosky 

Nobel Prize winner Igor Brovlosky 
was born in Russia. 

Nobel Prize winner Igor Brovlosky 
was born in Ukraine. 
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Roachidium 
bacteria 

Roachidium bacteria causes infection 
of the kidney. 

Roachidium bacteria causes 
infection of the eye. 

Ruby-throated 
Warbler 

The ruby-throated warbler travels 
only by day while migrating. 

Ruby-throated warbler travels only 
by night while migrating. 

Terrilium The element Terrilium was 
discovered by Jason Morrison. 

The element Terrilium was 
discovered by Jane Daniels. 

The Orchid Era The Orchid Era was a time period of 
Earth which consisted of very low 
levels of carbon dioxide. 

Orchid Era was a time period of 
Earth which consisted of very high 
levels of carbon dioxide. 

The spotted tree 
snake 

The spotted tree snake reproduces 
asexually. 

The spotted tree snake reproduces 
by mating. 

Venton, 
Virginia 

Venton, Virginia was discovered by 
a Swedish explorer. 

Venton, Virginia was discovered by 
a British explorer. 

Writer Neil 
Snyder 

Writer Neil Snyder won the Hugo 
award for best novel. 

Writer Neil Snyder won the Hugo 
award for best comic book. 

Designer Bruce 
Capullo 

Designer Bruce Capullo is a well 
regarded board game designer. 

Designer Bruce Capullo is a well 
regarded video game designer. 

Hillsborough, 
North Carolina 

Hillsborough, North Carolina is 
known for its Civil War museum. 

Hillsborough, North Carolina is 
known for its Revolutionary War 
museum. 

Hyperleptosis Hyperleptosis is a disease that affects 
dogs. 

Hyperleptosis is a disease that 
affects rabbits. 

Kinsado Park Kinsado Park in Japan is known for 
its massive amount of foxes in the 
wild. 

Kinsado Park in Japan is known for 
its massive amount of violets in the 
wild. 

Leonardi Franco Leonardi Franco is a famous chef in 
Italy. 

Leonardi Franco is a famous chef in 
France. 

The Golden-
eared Marmoset 

The diet of the golden-eared 
marmoset consists mainly of beetles. 

The diet of the golden-eared 
marmoset consists mainly of tree 
sap. 

The Kobo 
Native Indian 
tribe 

The Kobo Native Indian tribe hunted 
animals using clubs. 

The Kobo Native Indian tribe 
hunted animals using traps. 

The Lovely 
Owls 

The Lovely Owls were a one hit 
wonder band. 

The Lovely Owls were a popular 
band in the 50's. 

The Roger 
Manchester 
awards 

The Roger Manchester awards are 
given to the top college journalists. 

The Roger Manchester awards are 
given to the top college gymnasts 

The Sidney 
Herman Bridge 

The Sidney Herman Bridge belongs 
to the category of "suspension" 
bridges. 

The Sidney Herman Bridge belongs 
to the category of "truss" bridges 

Tock Crowes Mothers of the tock crowes abandon 
their young after birth. 

Mothers of the tock crowes stay 
with their young for first few weeks 
after birth. 

Western Paltene 
Bats 

Western Paltene Bats have long, 
wide ears. 

Western Paltene Bats have 
unusually small, narrow ears. 
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ADDITIONAL ITEMS IN EXPERIMENT 4 

 
Cue List 2 List 1 

Psychologist 

Jennifer 

Moltisanti 

Jennifer Moltisanti is a psychologist 

known for research on schizophrenia. 

Jennifer Moltisanti is a 

psychologist known for research on 

bipolar disorder. 

Harris Moss Harris Moss was a U.S. Senator. Harris Moss was a member of the 

US House of Representatives 

Winfield, 

California 

Winfield, California is known for 

producing cashew nuts. 

Winfield, California is known for 

producing fine wines. 

Vernobachia The plant Vernobachia produces 

neurotoxins. 

The plant Vernobachia produces 

cognitive benefits. 
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APPENDIX B 

 

FLORIDA STATE HUMAN SUBJECTS APPROVAL 

 
The Florida State University 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 2/25/2016 
 
To: Jacob Negley 
 
Address: 4301 
Dept.: PSYCHOLOGY DEPARTMENT 
 
From:   Thomas L. Jacobson, Chair 
 
Re:     Use of Human Subjects in Research 
Learning and Remembering Facts 
 
The application that you submitted to this office in regard to the use of human subjects in the 
proposal referenced above have been reviewed by the Secretary, the Chair, and one member of 
the Human Subjects Committee. Your project is determined to be Expedited per per 45 CFR § 
46.110(7) and has beenapproved by an expedited review process. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 
weigh the risk to the human participants and the aspects of the proposal related to potential risk 
and benefit. This approval does not replace any departmental or other approvals, which may be 
required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent 
form is attached to this approval notice.  Only the stamped version of the consent form may be 
used in recruiting research subjects. 
 
If the project has not been completed by 2/22/2017 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by 
the Committee prior to implementation of the proposed change in the protocol.  A protocol 
change/amendment form is required to be submitted for approval by the Committee.  In addition, 

tel:%28850%29%20644-8673
tel:%28850%29%20644-4392
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federal regulations require that the Principal Investigator promptly report, in writing any 
unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is 
reminded that he/she is responsible for being informed concerning research projects 
involving human subjects in the department, and should review protocols as often as needed to 
insure that the project is being conducted in compliance with our institution and with DHHS 
regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is FWA00000168/IRB number IRB00000446. 
 
Cc: Colleen Kelley, Advisor 
HSC No. 2016.14896 
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APPENDIX C 

 

SAMPLE OF INFORMED CONSENT 

 
INFORMED CONSENT FORM: LEARNING AND REMEMBERING FACTS 

 

I freely and voluntarily consent to be a participant in the research project entitled “Learning And 
Remembering Facts.” I have been informed that Dr. Colleen Kelley, an Associate Professor in 
the Department of Psychology at Florida State University, and Jacob Negley, a graduate student 
in the Department of Psychology, have requested my participation in a research study at Florida 
State University. 
 
The purpose of this research is to better understand the processes of memory. My participation 
will involve studying lists of statements, making judgments on statements, and a memory test for 
material I have studied. The experiment will last between 30 minutes and 1 hour.  
 
Compensation. I will receive research credit for General Psychology or extra-credit for any 
upper level psychology course you might be taking that offers extra credit for research.  The rate 
at which I will receive ½ credit for any time up to 30 minutes, and an additional ½ credit if the 
experiment lasts between 30 minutes and an hour.  If I chose to end the experiment early for any 
reason, credit will be pro-rated.  This credit is the only direct benefit that I will receive for my 
participation; however, I may also benefit from learning about memory. Depending on the 
experiment, I may instead be offered monetary payment, $5 per half hour minutes, rather than 
class credit for my participation. 
 
Confidentiality. My performance on the memory test will be confidential to the extent allowed 
by law. No individual results of the experiments will ever be reported. My responses in the 
experiment will be associated with a unique number code, and there will be no link between that 
number and my identity. I understand that experimenters have taken steps to ensure 
confidentiality of data, namely: identifying data by participant number only and not by name. 
 
Risk. The study has few risks. There are no anticipated risks beyond those of normal everyday 
computer-based activity.  There is a possibility that I may experience some mild frustration if I 
am unable to perform the task as well as I want.  But I understand that I am only expected to 
complete the task as best as I can. I understand that I am free to end my participation at any time 
without prejudice, penalty, or loss of benefits to which I am otherwise entitled. That is, I will still 
receive credit if I choose to withdraw from the experiment. I will receive a ½ credit for every 30 
minutes that I participate. 
 
I may contact Dr. Kelley () or Jacob Negley () if I have questions about this project. If I have any 
questions about my rights as a participant in this research, or if I feel I have been placed at risk, I 
can contact the Chair of the Human Subjects Committee, Institutional Review Board, through the 
Vice President for the Office of Research at 644-8633. 
 
I have read and understand this consent form. 
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___________________________________________ __________________ 
(participant)        (date) 
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