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Abstract 

Recent literature has demonstrated that if someone studies one list of word pairs followed 

by another list of word pairs in which the second half of some of the pairs have changed (e.g., 

they saw “knee-bone” on the first list and “knee-bend” on the second list), this change can 

remind them of the pair’s presence on the original list and improve memory performance for 

both of the pairs.  Previously, this kind of design would lead researchers to observe interference, 

which would cause memory performance to suffer; the discovery of the memory enhancing 

effects of reminders inspired further research to understand how their underlying mechanisms 

and what makes them more likely to occur.  The presented research examines whether picture-

word pairs will trigger more remindings than word-word pairs on the presumption that the 

picture superiority effect will play an important role.  The results indicate that participants did 

experience more remindings for the picture-word pairs than for the word-word pairs and that 

better memory performance for picture-word pairs is due to a combination of this effect and an 

encoding effect. 
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The Picture Superiority Effect on Encoding and Reminding 

A major component of human forgetting is interference, both proactive and retroactive.  

Proactive interference occurs when previously learned information disrupts memory for later 

information; retroactive interference occurs when later information disrupts memory for 

previously learned information.  A prime example of this is a politician giving two different 

speeches on the same issue(s) where, in the first speech, he takes a certain position on the topics, 

but later, he gives a speech reflecting altered positions on those same topics.  If someone were to 

listen to both speeches, there is a chance that the previously learned information (the first speech) 

would interfere with the later information (the second speech), and they would generate a 

misinformed conclusion about the politician’s current stance, believing that it still contains 

elements of his old perspectives (Wahlheim & Jacoby, 2013).  This would be an instance of 

proactive interference.  Another possibility is that after learning the politician’s new stance, 

someone was unable to recall the details of his previous opinions, and this would be an example 

of retroactive interference.   

In both of the described cases, there is competition of information.  Pieces of information 

that are similar but changed over time are thought to compete during retrieval.  If two pieces of 

similar but changed information are learned over time, and someone is prompted to recall one of 

the pieces, there is competition between the two pieces which could lead to one piece blocking 

retrieval of the other, neither being retrieved, or the wrong information being recalled by 

mistake.  If someone is asked to recall the later information and incorrectly recalls the earlier 

information, we would observe proactive interference; the previously learned information 

interferes with the retrieval of the later information.  Conversely, if someone is asked to recall 
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the earlier information and falsely gives the later information, we would observe retroactive 

interference. 

In stark contrast to the traditional lines of research and theory on interference, if, when 

learning the later information, one is reminded of the previously learned information, then 

memory for both pieces of information may greatly improve.  Rather than interfering with the 

memory for previously learned information, in this case, the reminding can lead to retroactive or 

proactive facilitation (Wahlheim & Jacoby, 2013).  For example, imagine you were walking on a 

familiar trail and you noticed a large tree that had been knocked down during a storm.  Seeing 

this may remind you of what the tree looked like when it stood upright, and, if we map this real-

world example onto theories of facilitation, this experience can strengthen both the memories of 

how the tree used to look and how the tree looks now (Hintzman, 2011).   

 There are a number of known factors which must occur in order for potential interference 

to turn into facilitation.  These will be considered in the context of a typical A-B, A-D learning 

paradigm used by Wahlheim and Jacoby (2013), which includes two lists to study.  The first list 

consists of word pairs which are slightly semantically associated; the second list also consists of 

semantically associated word pairs which are either repeated pairs from List 1 (A-B, A-B), 

changed pairs (A-B, A-D), or completely new pairs (A-B, C-D).  For example, a word pair on 

List 1 is knee-bone.  List 2 could include knee-bone (repeated pair), knee-bend (changed pair), or 

apple-core (new pair).  In the A-B, A-D scenario, the participant may experience interference for 

changed pairs.  Wahlheim and Jacoby (2013) demonstrated that if the previously learned 

information (knee-bone) disrupts the retrieval of the later information (knee-bend), then the 

participant experiences proactive interference.  Because it was previously paired with cue A, the 

original target B competes with the changed target D and causes interference when the 
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participant tries to recall the changed target: the participant may even report B as an intrusion 

error.  Conversely, if the later information disrupts the memory for the previously learned 

information, then the participant experiences retroactive interference; in this case the participant 

is asked to recall the original target B, and the memory of the changed target D competes with 

that of the desired target B, making it more difficult for the participant to accurately recall the 

information that was initially studied.  To illustrate using the same example above, suppose the 

participant is asked what knee was paired with on List 1.  Bone is the original target while bend 

is the changed target; during attempted recall of the original target, the memory of bend may 

interfere, and the participant may falsely report that knee was paired with bend on List 1, in 

which case they would be experiencing retroactive interference. 

 Specifically, Wahlheim and Jacoby (2013) found no significant difference in 

performance between interference items and control items that only appeared on List 2, which 

they attribute to a combination of remindings occurring and not occurring during the study of 

List 2.  They also found that recall for the List 2 item was higher if a reminding occurred for 

interference items than if a reminding did not occur for interference items.  This finding indicates 

that measuring recall for List 1 items on the condition that a reminding was recollected for 

interference items is an accurate way to indicate a reminding took place.  Additionally, explicit 

measurements of reminding during List 2 study are positively associated with measurements of 

reminding during test, indicating that recollection of a reminding at test is a suitable indirect 

measure of whether there was a reminding during List 2 (Jacoby, Wahlheim, & Yonelinas, 

2013).  In other words, recalling at test that a pair changed between the presentation of two lists 

is an indication that this inter-list change was detected during the study of the second list. 
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As stated, and as shown by Wahlheim and Jacoby (2013), one must be reminded of the 

previously learned information when presented with the new information in order to later escape 

interference.  Using the knee-bone and -bend example above, if a participant studied knee-bone 

in List 1 and encounters knee-bend in List 2, they may be reminded of their previous study—that 

knee used to be paired with bone and now it is paired with bend.  This reminding works like a 

practice or testing effect and strengthens memory for the List 1 items.  It also creates a memory 

of the reminding itself, which if recalled can improve memory for the corresponding List 2 pair, 

as well as for the temporal order in which the two pairs appeared.  Temporal memory is critical; 

the participant must call that first it was knee-bone and then it was knee-bend.   Reminding 

produces retroactive facilitation even if the participant later cannot remember being reminded.  

For proactive facilitation to take place, the content of the reminding must be recalled during test.  

If the content of the reminding cannot be recalled, then proactive interference occurs because the 

List 1 competitor target has been strengthened by the reminding while the List 2 target has been 

forgotten, and memory performance following a forgotten reminding is worse than if no 

reminding occurred at all (Negley, Kelley, & Jacoby, in press). 

 In addition, there are several factors which make it more likely that a reminding will 

occur.  Allotting more time for the study of the A-D pair is one of these factors (Negley, Kelley, 

& Jacoby, in press).  Specifically, a reminding occurred more frequently when pairs on List 2 

were presented for 7 seconds (M=.59) than when pairs were presented for 1 second (M=.49).  

Additional time during study perhaps gives the participant more time for a reminding to 

spontaneously take place, for the participant to recall what the original pair was if needed, and 

for the participant to make sense of their reminding experience, i.e. to orient themselves to the 

content of both words and the order in which they appeared.   
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Taking a test on the List 1 pair can also increase reminding by way of strengthening the 

memory for the original pair, making it more easily accessible during the study of List 2 

(Wahlheim, 2015).  Demonstrating the testing effect, in this situation, the information which 

would have created interference is studied especially well such that it is more likely to trigger a 

reminding than pairs that were restudied rather than tested (Roediger & Karpicke, 2006).  When 

the participant encounters knee-bend on List 2, they are certain that it was definitely knee-bone 

on List 1 because they studied and were tested on knee-bone alone, creating a very strong 

memory for the content of List 1 pairs.  When the changed pair is encountered, the memory of 

the original pair is quickly accessed, leading to more instances of remindings.  As an extension to 

the benefits of the testing effect in a reminding experiment, Zawadzka, Simkiss, and 

Hanczakowski (2018) also found that, in addition to the enhancement of reminding and recall 

performance granted by the testing effect, a background picture context present during the 

presentation of a word pair also plays a role in the probability of a reminding if the same 

background context is presented later.  Reflecting classic studies implicating better memory 

performance if information is learned and tested on in the same environment as opposed to two 

different environments, studying and restudying information with the same picture background 

context twice yields more remindings than studying and restudying the information with two 

different picture background contexts (Godden & Baddeley, 1975; Zawadzka, Simkiss, & 

Hanczakowski, 2018). 

In contrast to experimental designs where reminding is enhanced due to the testing effect, 

a study-only design may result in the participant feeling less confident about the items that were 

on List 1 during the study of List 2 (e.g. “maybe I saw this item before”).  It could be the case in 

these types of study-only designs that the participant is extending too much cognitive effort 
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focusing on memorizing the items on List 2 to be able to coherently experience the reminding, 

especially in designs with shorter pair presentation times.  Berntsen, Staugaard, and Sorensen 

(2013) explain that involuntary episodic memories (remindings) are recalled faster than 

memories that are deliberately retrieved, suggesting that remindings occur when there is not a 

specific effort directed towards retrieval and cognitive effort is relatively low. To this point, 

during List 2 study, the participant must try to learn the new pair.  Trying to commit the new pair 

to memory might reduce the likelihood of a reminding because of the demands on attention of 

studying the new pair.  In this case, the memories of A-B and A-D do not compete at all—one of 

the pairs was never introduced into memory because the extended cognitive effort both interferes 

with learning and lowers the probability of a reminding.   

Another important factor of the properties of the items influencing memory performance 

is imageability, or the ease with which a participant can create a mental representation of the cue; 

a word with high imageability, such as “beach” yields higher cued recall than a word with low 

imageability, such as “independence” (Madan, Glaholt, & Caplan, 2010; Reilley & Kean, 2007).  

Madan, Glaholt, and Caplan (2010) further explain that high imageability of the cues improves 

retrieval for the association between the cue and the target rather than retrieval for the individual 

items (cue and target) alone, as well as the association between items in the same serial-

presentation lists.  These findings suggest that factors which make targets more memorable (e.g., 

imageability) are not acting on the memorability and retrieval of the targets alone, but rather 

higher imageability improves the retrieval of the inter- and intra-list associations surrounding the 

target.  Imageability may have a similar influence on the likelihood of reminding. 

Expanding upon the answer to which factors increase the likelihood of a reminding 

occurring is the primary interest of this research.  Specifically, my thesis examines the difference 
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in the occurrence of spontaneous remindings between the use of words versus photographs as the 

cue with words as the target in both instances.  McDaniel and Einstein (1986) demonstrated that 

bizarre images produced better memory recall performance than common images in a within-list 

design.  Things that are comparatively more distinctive are better recalled than less distinctive 

things.   

To further this point, Lee and McDaniel (2013) found that the prospective memory—the 

memory for performing some intended action at some point in the future—for identifying a 

specific target word in a block of anagram solving tasks was improved if the target word was 

distinctive from the words used in the anagram tasks.  For example, if the target was an easy 

anagram in the midst of a block of difficult anagrams, the target would be correctly identified 

more often.  This complements the idea that items which stand out from other items in a list tend 

to be more recognizable and more memorable, which perhaps suggests that they also tend to 

trigger more spontaneous remindings. 

Several lines of research have shown the “picture superiority effect”, in which memory 

performance as measured by recognition is better for pictures versus words or sentences, and the 

“picture complexity effect”, a sort of extension of the picture superiority effect in which memory 

performance is better for complex pictures versus simple pictures in a free recall test (Shepard, 

1967; Nguyen & McDaniel, 2015).  Shepard (1967) found an 8-10% increase in recognition 

performance for pictures versus words or sentences, respectively, indicating that pictures are 

highly recognizable in comparison to words or sentences, to the extent of reaching a ceiling 

effect (98% recognition performance).   

Hockley and Bancroft (2011) also found the picture superiority effect specifically in the 

recognition of word-picture pairs compared to word-word pairs.  Their paper posits that a 
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participant can access the semantic meaning of a picture faster than they can a word, and this 

activation speed allows for more time to create meaningful associations between pictures or, in 

this case, between pictures and words.  My central aim is to discover if the picture superiority 

effect translates to enhanced remindings in the same way it produces enhanced recall and 

recognition.  The picture superiority effect is observed even if the test probe is the name of the 

picture that was studied rather than the studied picture itself, leading to the potential conclusion 

that the picture superiority effect is one of encoding and not retrieval (Hockley, 2008; Defeyter, 

Russo, & McPartlin, 2009). However, through a developmental lens, Defeyter, Russo, and 

McPartlin (2009) also found that different processes, familiarity and recollection, contribute to 

the picture superiority effect to varying degrees at different times over the developmental course 

but that these multiple cognitive processes are working in tandem to produce the picture 

superiority effect.  In accordance with these findings, I hypothesize that realistic photographs of 

recognizable objects or scenes (e.g., a ball, a city, a police badge) paired with related target 

words will produce more remindings when the target is changed compared to word pairs in the 

Wahlheim and Jacoby (2013) paradigm. 

 The design of Experiment 1 is similar to the A-B, A-D format used in Wahlheim and 

Jacoby (2013).  Each participant experiences both a picture-word condition and a word-word 

condition simultaneously across two lists to study before engaging in a cued recall test.  In the 

cued recall test, I measure whether the participant recollects the content of List 2 by cuing recall    

for the target word from List 2; because the test is on List 2 items, there is potential for proactive 

interference from items on List 1.  I also measure whether the participant recollects being 

reminding by asking first, if the target word changed from List 1 to List 2, and second, if the 
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response is positive, what the original target word was on List 1.  I predict that participants will 

recollect being reminded more often for the picture-word items than for the word-word items. 

Method 

Participants.   

The participants were 39 undergraduate students enrolled in a psychology course at 

Florida State University.  Participants were at least 18 years old and were tested individually in 

exchange for partial course credit.   

Design and Materials.  

Participants studied two mixed lists of picture-word and word-word pairs.  The items 

were presented in a within-subject design following an A-B, A-D learning model.   Both lists 

included buffer items to prevent or reduce primacy and recency effects; these items were never 

repeated across List 1 to List 2 or included in the cued recall portion of the experiment.  

Both study lists consisted of 20 picture-word pairs and 20 word pairs with 1 primacy 

buffer and 1 recency buffer for a total of 42 items.  Pictures only served as the cue (A); the 

targets (B, C, and D) were always words.  The pairs were adapted from the set of word pairs used 

by Wahlheim and Jacoby (2013), with the adjustment that for the picture-word pairs the cue 

word was replaced by a photographic representation of the word (See Figure 4).  Some additional 

pairs were created using the Toronto Noun Pool.  All of the pairs had a weak association 

(forward, M=0.03, SD=0.08; backward, M=0.02, SD=0.05).  Because of the need for picture 

cues, the cue items consisted only of concrete nouns, i.e. only those cues which can be clearly 

communicated with a photograph.   

Following Wahlheim and Jacoby’s (2013) model, List 2 included equal parts (14 each, 7 

with picture cues and 7 with word cues) pairs repeated from List 1 (A-B, A-B), changed pairs 



13 

 

(A-B, A-D (interference)), and new pairs (A-B, C-D (control)).  In both lists, the pairs were 

presented for 5 s with a 500ms interstimulus interval (ISI) between each pair.   

Procedure.  

The experiment took place in a small room with a single computer.  The participant sat in 

front of the computer, and the experimenter sat to the left of the participant.  The experimenter 

read all instructions out loud while they were presented visually on the computer screen.  

Participants were instructed to identify and name the pictures out loud and read the words out 

loud and to try to memorize the pairs for an upcoming memory test.  After the study of List 1, 

participants were instructed to name and read the List 2 items in the same way and were also 

advised that there would be three different types of items: repeats, controls, and changed pairs.  

Participants were told that noticing that a pair has changed from List 1 to List 2 would improve 

their memory for both pairs. 

Following the study of both lists, participants then completed a cued recall test in which 

they were presented with a previously studied cue image or word and asked to recall the target 

word with which it was paired in List 2.  Then, a screen appeared with the text, “Did the pair 

change from the first list?”, and participants used the mouse cursor to click on either a box 

labelled “yes” or a box labelled “no”.  If they respond in the positive, they are then presented 

with a screen with the text “What was the word on the first list?”, and the experimenter recorded 

their response.  The experimenter maintained control of the keyboard in order to avoid spelling 

mistakes or bypassing instructions.   

For example, a participant would see “knee-bone” or a picture of a knee paired with the 

word “bone” on List 1 and then “knee-bend” or a picture of a knee paired with the word “bend” 

on List 2.  During the cued recall portion, participants saw either the word “knee” or the picture 
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of a knee and a question mark in place of the target word, and they were prompted to report that 

word that was paired with knee on List 2.  If the participant responds with the word “bend”, this 

would indicate correct recall.  Following this response, they were asked whether the pair changed 

from the first list.  A positive response to this question would indicate that a reminding took 

place; if the participant responds to “What word was on the first list?” with the word “bone”, this 

would indicate recollection of reminding.   

From the time participants were brought into the lab to the time participants left, each 

session lasted between 20 and 30 minutes. 

Results 

A repeated measures ANOVA with one factor, format (picture versus word cues), was 

used to analyze the proportion of interference items (A-D pairs) for which a reminding was 

recalled during the cued recall test as an indirect measure that reminding occurred during the 

study of List 2.  There was an effect of format, F (1, 38) = 28.33, p < .001, partial eta squared = 

.43, such that recollection of reminding was higher for picture cues (.50) than for word cues (.28) 

(See Figure 1). 

A repeated measures ANOVA with two factors, format (picture versus word cues) and 

item type (control, interference, repetition), was used to analyze the performance on the cued 

recall test for each given item type scenario.  There was a main effect of format, F(1, 38) = 

27.08, p < .001, partial eta squared = .42, such that there was significantly better performance on 

the cued recall test for items with picture cues compared to items with word cues.  There was 

also a main effect of item type, F(2, 76) = 70.14, p < .001, partial eta squared = .65, such that 

there was a significant difference in performance on the cued recall test between control items, 



15 

 

interference items, and repetition items (See Figure 2).  There was no interaction effect of format 

and item type, F(2, 76) = 1.48, p < .235, partial eta squared = .04. 

Paired t-tests were used to further analyze and compare the performance on the cued 

recall test.  These tests compared interference, or changed, items where the reminding was 

recollected to control items, and interference, or changed, items where the reminding was not 

recollected to control items, and these comparisons were made within the levels of format (i.e., 

comparing control items with change recollected items only for word cues).  There was a 

significant difference between control items and reminding not recollected items for word cues, t 

(28) = 2.41, p < .02, such that performance was better for control items (.63) than for reminding 

not recollected interference items (.49), indicating interference.  There was a significant 

difference between control items and reminding not recollected interference items for picture 

cues, t (35) = 3.71, p < .001, such that performance was better for control items (.76) than for 

change not recollected interference items (.52) (See Figure 3).  No significant differences were 

found between control and change recollected interference items for neither picture, t(35) = .347, 

p < .730, nor word cues, t(28) = .323, p < .749, indicating neither interference nor facilitation 

when change was recollected for interference items. 

Discussion 

The results from the experiment support my hypothesis that picture cues will trigger more 

spontaneous remindings than word cues.  This increased reminding effect is likely due to an 

enhanced encoding effect as a result of the picture superiority effect, which was also accounted 

for in my hypothesis.   

The results of the repeated measures ANOVA analyzing the effect of format (picture cue 

vs word cue) on recollection of reminding are in accordance with my prediction, and they 
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suggest that the probability of a reminding was higher for picture cues than for word cues.  They 

may also suggest that the content of a reminding may be more memorable and thus more likely 

to be recalled at test if the cue is a picture instead of a word.  This is in line with principles of the 

picture superiority effect, however we cannot necessarily definitively determine from these 

results whether picture cues actually cause more remindings than word cues.  It is possible that 

both types of cues cause the same amount of remindings, and the difference is that more of those 

remindings are recalled if the cue is a picture. However, Jacoby, Wahlheim, and Yonelinas 

(2013) showed that recall of reminding is indicative of remindings during test, so if there is less 

recall of remindings during test for word cues, then it is likely that there were fewer remindings 

for word cues during study. 

The main effect of format on the cued recall test is another demonstration of the picture 

superiority effect in action.  In general, participants were more successful (both in recalling 

remindings and performance on the cued recall test) when they were dealing with picture-word 

items than with word-word items, suggesting that picture cues are more effective at producing 

remindings. 

It is also worth noting that the mean difference between picture and word cues for 

recollection of reminding (.22) is larger than the mean difference between picture and word cues 

for control items on List 2 (.17).  This result seems to suggest that, perhaps in addition to an 

encoding effect, there is also an increased reminding effect for picture cues.  If it were an 

encoding effect alone composing the difference in recollection of remindings, then the distance 

between the mean differences for recollection of remindings and for control items would be 

negligible because there are no other factors at play besides encoding.  Thus, if there are more 

recollections of remindings for picture cue items than for word cue items, we can partially 
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attribute this difference to better encoding for pictures and perhaps partially attribute the 

difference to an increased probability of a reminding because of the picture.  Parsing apart the 

different levels of contribution from better encoding and from higher triggering of a reminder 

could be a fruitful option for future research. 

A handful of potential limitations to the experiment were identified rather quickly during 

the execution of the experiment and upon analysis of the results.  First, it seemed likely that the 

instructions administered to participants during the experiment were not detailed enough as to 

give the participant a concrete idea of what to expect from the presentation of the experiment as 

well as what would be expected of them.  Though questions were encouraged and answered, 

there may not have been enough emphasis and reinforcement on trying to remember the order in 

which the pairs were presented on the lists and from which list to report the target during cued 

recall.  In addition, some of the picture items were identified as being interpreted differently by 

different participants and unrecognized by some participants.  For example, a picture of a maple 

tree was used for the cue “maple”, and many participants identified the picture simply as “tree”; 

this could have been a problem for two reasons: (1) the associated word targets of “syrup” and 

“sugar” are not semantically associated with “tree”, and (2) “tree” was a word target for the cue 

“apple”, and this could have caused inter-pair interference.   

In general, the performance on word-word items was lower than performance observed in 

other studies on the subject.  One idea was that the especially high distinctiveness of the picture-

word items overshadowed the word-word items as a whole, leading to decreased encoding for 

word-word items.  In other words, in a mixed-list design, the picture cues were so much more 

interesting than the word cues that the word cues were disregarded or easily forgotten in favor of 

the distinct picture cues. 
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These limitations were addressed in a drafted Experiment 2.  In Experiment 2, 

participants experienced a list of only picture-word items or only word-word items as a between-

subjects manipulation in hopes of bringing up performance for word-word items in general.  

Some of the problematic items like “maple” were removed from the experiment altogether.  

Finally, a provision was included to actively measure reminding during the study of List 2.  

Similar to the format of the cued recall test, after each List 2 item, the participant would be asked 

whether the item changed from List 1 and, if it did, what the target was when they first saw it on 

List 1.  This experiment is ongoing. 

My thesis supports previous research indicating specific factors which increase the 

probability of a spontaneous reminding taking place.  Items which had realistic pictures of 

common objects as the cue triggered more remindings than items which had words as the cue.  

These findings complement the literature asking the question, “What factors make reminding 

more likely to occur?”  Adding to factors such as increased time for studying, distinctiveness of 

the cue, and being tested on List 1 prior to the cued recall test, the results of this experiment 

support previous research purporting that more detailed cues (e.g., pictures over words) is 

another of these factors.   

The principles of reminding and interference have many practical implications in aspects 

of daily life such as eyewitness testimony, education and reading comprehension, and mental 

health.  Interference plays a close role with the misinformation effect that has been observed to 

have potentially dangerous implications in the realm of eyewitness testimony by way of falsely 

informing authorities with details of a crime, or wrongfully identifying an innocent person as the 

perpetrator of a crime (Loftus, 2005).  Reminding and interference can also have an impact on 

the quality and efficiency of learning and teaching strategies in the education system; for 
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example, this line of research may inform instructors on paying special mind to information 

which is similar but different to differentiate the information or perhaps to deliberately remind 

students of the previous information to enhance their association for the different information 

and memory for both.  Understanding the way spontaneous reminding works is also important in 

the context of intrusive negative thoughts or flashbacks in various anxiety disorders.  The far-

reaching applications of these concepts make their detailed understanding fundamental.  
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Figure 1. Mean values representing proportion of interference items for which a 

reminding was recalled during the cued recall test as an indirect measure that reminding occurred 

during the study of List 2.   
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Figure 2. Mean values representing performance on the cued recall test for control, interference, 

and repetition items for both the picture and word conditions.   
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Figure 3. Means representing performance on the cued recall test for items where reminding was 

recollected, items where reminding was not recollected, and control items in both the picture and 

word condition.   
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Figure 4. Design of the experiment. 

 

 

 


