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Abstract 

Reconsolidation theory states that stabilized memories can be reactivated and altered in some 

way; the memory must then be made stable once again by a process known as 

reconsolidation. A substantial number of studies have aimed to examine this process and the 

conditions under which it can occur in animal models and young adults. However, few studies 

have examined the impact of aging on memory reconsolidation. It has been established that 

aging affects episodic memories, as a result of several different changes in aging. Further, 

associative, source, and context memories have been found to be affected by aging. 

Additionally, consolidation, the process that occurs prior to reconsolidation, has been linked 

to age-related memory deficits. Given these changes with age, it is possible that memory 

reconsolidation could also be affected. This dissertation sought to examine the effects of aging 

on reconsolidation in an established set-learning paradigm typically utilized in young adults to 

demonstrate reconsolidation-mediated memory updating. 

In Experiment 1, older adult participants were taught sets of objects on two different days, 

with one group receiving a reminder intended to reactivate the first day’s memory. On a third 

day, a recognition memory task was given. We found that reconsolidation processes seem 

relatively intact in our population of older adults. Further, source confusion was implicated in 

addition to memory updating as the cause of memory errors in the group that received the 

reminder. Other measures, such as spatial awareness and sleep, were utilized to help explain 

the outcome of the experiment. 

In Experiment 2, young adults performed the same procedure as in Experiment 1 to determine 

the role of some of the aspects of the procedure in this paradigm. Specifically, we wanted to 

establish whether an added task, spread across the two days of learning, influenced the 

outcome of this paradigm. It was concluded that this task likely had an influence, such that 
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even the group that did not receive the reminder showed evidence of memory updating. We 

also wanted to determine a baseline for the spatial awareness task used in the previous 

experiment. However, results were inconclusive. 

In Experiment 3, we investigated the time line of errors made by older adults by testing their 

memory for the first set of objects shortly after they learned the second set, as opposed to on 

a third day. However, free recall was used as the memory task, unlike the previous two 

experiments. Unexpectedly, errors were immediately apparent for the group that did not 

receive the reminder but not for the group that did. The conclusion of this experiment was that 

the task used to test memory may play a major role in the outcome of this paradigm when 

performed by older adults. Further testing will need to be performed to fully understand this 

result. 

Overall, memory reconsolidation appears to be intact in older adults, though perhaps not in 

the form seen in young adults. Reconsolidation seen in older adults could be affected by 

different modes of reactivation, sleep, and methods of memory testing. However, several of 

the present results could be open to multiple interpretations, which require future research to 

untangle. 
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CHAPTER 1: Introduction 

Understanding the dynamics of memory has been a persistent goal of the scientific community 

for over a century. As new evidence emerges, new theories have been created to explain 

what is occurring behaviorally and mechanistically. One such theory focuses on memory 

reconsolidation, endeavoring to describe how memories can be altered upon reactivation. 

Though research on memory reconsolidation has rapidly expanded, the phenomenon itself is 

still being debated. The question of how aging affects memory has also been widely studied, 

exploring what occurs both naturally with healthy aging and under pathological conditions. 

However, memory reconsolidation and aging have only rarely been explored together. This 

introduction provides an overview of the current literature on how healthy aging might affect 

memory reconsolidation processes. 

1.1 Reconsolidation Theory 

When memories are first formed, they must go through a stabilization process, termed 

consolidation, after which they are assumed to be resistant to interference. However, 

reconsolidation theory suggests that when such stable memories are reactivated, they 

become labile once again. During this labile state, the memory can undergo some form of 

change, such as being strengthened, erased, or updated with new information. The memory 

must then go through a second stabilization phase, termed reconsolidation.  

Evidence for memory reconsolidation was first reported in the 1960s (Misanin et al, 

1968;Schneider & Sherman, 1968), but due to conflict with the prevailing dogma, this evidence 

was more or less disregarded at the time (Hardt et al, 2010). However, at the turn of the 

century, new evidence was produced that revamped the theory and lead to the generation of 

an ever increasing supporting body of literature. In one of the seminal studies, Nader and 

colleagues (2000) used a fear conditioning protocol in rodents similar to the procedure that 
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had been used to demonstrate the time dependent nature of consolidation and its dependence 

on protein synthesis. After training with a tone-foot shock pairing and a delay, rats were 

presented again with the tone alone to serve as a reminder, which allowed the memory to be 

reactivated. They were then injected with anisomycin, a protein synthesis inhibitor, or vehicle 

in the basolateral amygdala. Rats injected with anisomycin showed impaired long term 

memory but intact short term memory, suggesting that protein synthesis is required after 

reactivation to prevent erasing of a memory. Further, if the injections were given 6 hours after 

reactivation, the memory was intact, suggesting a time-limited window in which interference 

can affect a reactivated, unstable memory (Nader et al, 2000). 

While the existence of the process by which memories become consolidated has been widely 

accepted in the field, there is much debate whether a secondary reconsolidation process 

occurs. Since the refreshed interest in reconsolidation has emerged, many researchers have 

attempted to show that reconsolidation is a separate entity in both animal and human studies. 

This dissertation will focus on the human studies; the next section will discuss a few examples 

of the different protocols established in the human literature. Further, it will discuss some of 

the limitations of the current literature. Despite an ever-increasing body of work, not everyone 

accepts a memory reconsolidation interpretation of these results; this will be discussed in the 

Opposing Theories section. 

1.1.1 Human Studies 

One of the first notable demonstrations of memory reconsolidation in humans was reported 

by Walker and colleagues (Walker et al, 2003). Using a procedural learning finger-tapping 

task, they demonstrated that memory for a motor sequence, consolidated over a night of 

sleep, could be reactivated via rehearsal and consequently interfered with by learning a 

second sequence post-reactivation. While the accuracy for the first sequence improved at 

rehearsal, it greatly decreased after learning the second sequence and another night of sleep. 
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However, the accuracy for the second sequence improved overnight as expected, which 

suggests that only the first sequence experienced interference. Further, if retested directly 

after rehearsal and learning of the second sequence, accuracy was not affected, suggesting 

that the effects of interference were not immediate. These results echo earlier findings that 

suggested a second, time-dependent process of memory stabilization using purely behavioral 

means of reactivation and interference (Walker et al, 2003).  

Since this breakout study demonstrating reconsolidation in humans, an increasing number of 

studies using varying memory types, protocols, and interference methods have generated 

effects on memory, depending on the protocol (for review, see Agren, 2014).  A number of 

human reconsolidation studies focus on fear memories, which parallel the animal literature’s 

use of fear conditioning, with implications for treatment of post-traumatic stress disorder 

(PTSD) and phobias. Using an eye-blink startle reflex as a measure of fear, participants were 

given propranolol, a beta-adrenergic antagonist, or a placebo, followed by a memory 

reminder. Participants given propranolol subsequently showed a decreased fear response 

compared to the placebo condition, suggesting a disruption of reconsolidation (Kindt et al, 

2009). Further, this effect lasted at least a month (Soeter & Kindt, 2010) and was generalizable 

(fear for the original stimulus and fear for a similar stimulus was reduced for both) (Soeter & 

Kindt, 2011). These studies show that memories can be manipulated in humans via 

reconsolidation in a way consistent with the animal research. 

Other studies have shown that fear memories can be erased in less invasive ways. Schiller et 

al (2010) used a method of extinction 10 minutes or 6 hours after or without the presentation 

of a reminder. Only the participants who received the extinction protocol within the window of 

reconsolidation (10 min after reminder) showed evidence of fear loss (Schiller et al, 2010). It 

should be noted that other studies, such as Kindt and Soeter (2013), raised questions about 

the ability of this protocol to reduce fear (Agren, 2014). In a similar protocol using the same 
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timeline for reactivation and extinction, Agren and colleagues (2012) were able to demonstrate 

via fMRI the existence of a fear memory trace in the basolateral amygdala and activity in the 

fear circuity when extinction took place 6 hours after reactivation. However, when the 

extinction protocol took place within the reconsolidation window, the trace was not found, and 

activity in the fear circuitry was reduced, demonstrating a brain correlate of the behavioral 

inference protocol (Agren et al, 2012). However, this claim has been disputed, suggesting no 

evidence for a reduced fear response nor any changes in amygdalar activity (Klucken et al, 

2016). 

In a series of studies, Hupbach and colleagues have also demonstrated reactivation-

dependent memory updating in humans, using a declarative memory paradigm upon which 

this dissertation is based. In their original experiment, young adults (ages 18-25) were shown 

a set of objects to learn on day 1. On day 2 (48 hours later), the participants were either given 

a “full reminder” to reactivate day 1’s memory or no reminder. The full reminder consisted of 

going to the same room as day 1, working with the same experimenter from day 1, and being 

asked a procedural question prior to learning, namely, being asked to describe the procedure 

without actually recalling the objects. Participants in the No Reminder condition went to a 

different room with a different experimenter and were not asked the question. All participants 

then learned a second set of objects. On the third day (48 hours later), all participants were 

brought to the same room with the same experimenter as day 1 and asked to freely recall the 

objects from day 1. Any object recalled that was learned on day 2 was considered an 

“intrusion.” Only those in the Reminder group showed intrusions of day 2 objects. Further, 

when a separate set of participants were asked to recall objects from day 2, neither group 

showed intrusions of day 1 objects, establishing a unidirectional effect suggestive of memory 

updating (Hupbach et al, 2007). 
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They went on to show that this unidirectional effect was time-dependent, such that when 

asked to recall day 1 objects immediately after learning on day 2, neither group showed 

intrusions (Hupbach et al, 2007). To further explore the unidirectional effect, participants were 

given a recognition/source memory task on day 3 as opposed to free recall. This tested their 

memory for both day 1 and day 2 objects and the source from which they came. As before, 

only those in the Reminder group misattributed day 2 objects to day 1. Neither group 

misattributed day 1 objects as day 2. This shows that the effect is more likely the result of 

memory updating than simple source error (Hupbach et al, 2009). In a follow-up study, they 

separated out the aspects of the full reminder (room/context, experimenter, and question) as 

well as used them in pairs to determine what might be responsible for the reactivation of the 

day 1 memory. They found that only the conditions in which the participants went back to the 

same context from day 1 on day 2 showed evidence for memory updating (Hupbach et al, 

2008). 

At about the same time as Hupbach and colleagues’ initial study, Forcato et al published a 

series of experiments that they claim demonstrate reconsolidation of a declarative memory in 

humans using a similar 3 day protocol, though with different stimuli. Participants were taught 

pairs of syllables on day 1 and day 2, each with corresponding contexts. In some of the 

experiments, the participants were given a reminder either 5 minutes, 6 hours, or 10 hours 

prior to learning the pairs on day 2. On day 3, participants were asked to recall the set of pairs 

from each day, where the set that went first was varied. These experiments were based on 

the retrieval-induced forgetting (RIF) effect, which suggests that the retrieval of one bit of 

information can impair the retrieval of a second bit of information. In these experiments, the 

absence of this effect indicated reconsolidation since recalling list 1 before list 2 should impair 

the recall of list 2, causing more errors (RIF effect); however, the reminder acts to reactivate 

list 1 on day 2, so the RIF effect does not occur because list 1 itself is compromised (Forcato 
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et al, 2007). In another study, they showed the importance of the reminder format, as similarly 

demonstrated by Hupbach and colleagues (2008). In their first study, the reminder was a 

presentation of the context followed by one half of a syllable pair, where they were not allowed 

to give the other half. This reminder allowed for their interpretation of reconsolidation. In this 

study, however, when presented with only the context or allowed to give the second of the 

syllable pair, they did not see the effect (Forcato et al, 2009). Further, they showed a role of 

reconsolidation in updating memories with new information (Forcato et al, 2010) and 

strengthening memories (Forcato et al, 2011).  

1.1.2 Boundary Conditions 

From the differing results found in the fear conditioning experiments and the restrictions set 

on the reminder structure found by Hupbach et al (2008) and Forcato et al (2009), it is clear 

that not all protocols lead to reconsolidation-mediated interference. This has been a major 

problem in the memory reconsolidation literature. The varying findings from both human and 

animal studies have led to the suggestion of boundary conditions under which reconsolidation 

is able to occur. The main conditions are memory strength, age of the memory, exposure 

length of the reminder cue, availability of new information, and the presence of a prediction 

error (Dudai, 2006;Lee, 2009;Tronson & Taylor, 2007). 

Tronson and Taylor (2007) suggested that strong memories are more susceptible to updating 

via reconsolidation. However, Wang and colleagues (2009) used a fear conditioning paradigm 

in rodents to show that a strongly trained memory is more resistant to reconsolidation 

processes at the early time point used in most studies but became more vulnerable when the 

memory was reactivated 30 or 60 days after learning. They suggested that boundary 

conditions can be transient (Wang et al, 2009). This study also brings to light the boundary 

condition of memory age. It is generally thought that older memories are less likely to undergo 

reconsolidation (Dudai, 2006;Lee, 2009;Tronson & Taylor, 2007). Lee (2009) suggests that 
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this could be due to a number of reasons. First, it could be that the finding is genuine, and 

there is a window of opportunity after a memory is formed for reconsolidation to take place. 

On the other hand, it could be that, as time increases between two events, the second event 

is more likely to be encoded as a separate memory. Finally, it could be that current techniques 

and protocols are not able to sufficiently reinstate an old memory to allow for reconsolidation 

(Lee, 2009). 

The discussion of the reminder cue exposure length comes from the number of studies that 

use extinction within the reconsolidation window to interfere with a (fear) memory, such as 

those described above. In these experiments, the reminder is often just a shortened version 

of the extinction protocol, if it is separated out; therefore, the length of extinction dictates the 

reactivation time. It is argued that shorter re-exposure times to the cue allows for 

reconsolidation; however, if the extinction period is too long, a new learning process could be 

initiated, and the original memory would not be updated (Lee, 2009). It should be noted, 

though, that the strength of the memory or age of the memory can dictate what counts as “too 

long” of a reactivation period (Lee, 2009;Tronson & Taylor, 2007). It can also be argued that 

this boundary condition speaks to the overall reminder cue outside of the realm of extinction. 

Hupbach et al (2008) found that only certain aspects of their reminder (context) were 

necessary and sufficient to induce reconsolidation. Forcato and colleagues (2009) reported a 

similar finding, where a shortened version of their reminder was insufficient and a lengthened 

version where the participants were able to explicitly recall information from the original 

memory did not result in reconsolidation. This last finding was replicated by Hupbach (2015), 

where fully recalling a previously learned list prior to learning a new list resulted in less or no 

updating of the original memory compared to those who received a more subtle reminder. 

These results suggest that the reminder structure in any paradigm is a boundary condition. 
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The availability of new information is also a proposed boundary condition (Tronson & Taylor, 

2007). In a commentary on a review by Schiller and Phelps (2011), Hupbach (2011) suggests 

that the level of competition between the old and new information determines whether 

reconsolidation will occur. When competition is high, such as in paradigms that use extinction, 

there is likely to be more interference that results in disruption of the original memory. 

However, in situations where the old and new information are relatively unrelated, the two 

memories can exist in parallel as well as allow the old information to be updated with the new 

(Hupbach, 2011). Taking the idea of presented information a step further, Rodriguez-Ortiz and 

Bermudez-Rattoni (2017) suggest that reconsolidation is only initiated when updating 

information is present. However, they argue that retrieval of the memory is not necessary to 

allow for reconsolidation. 

Finally but not unrelated to the previous condition, prediction error has been suggested as a 

requirement to initiate the reconsolidation process, whereby the expectations of the subject, 

animal or human, are not met (Dudai, 2006;Exton-McGuinness et al, 2015;Lee, 2009). The 

authors of these reviews suggest that prediction error allows for updating the memory with the 

presented information. Weak memories that are not well learned are likely to create more 

prediction error so that the memory can be updated to allow for more accurate predictions in 

the future. However, stronger memories are more accurate in their predictions, which prevents 

reconsolidation. This pattern seems to hold true for experiments that use strengthening or 

extinction techniques, as the new information is in direct competition with the old (Exton-

McGuinness et al, 2015;Lee, 2009). On the other hand, in a study that utilized a modified 

version of the paradigm described in (Hupbach et al, 2008), high levels of prediction error, as 

demonstrated by activity in the temporal parietal junction (TPJ), resulted in new memory 

formation, and low levels led to updating of the original memory (Simon et al, 2017). In this 

study, a second set of items to be learned was presented after reactivation of the original 
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memory of objects. It was during the presentation of each new object that prediction error was 

measured. As these two sets do not compete, a high prediction error, made possible by a 

stronger level of activation (stronger memory), would suggest that the presented object does 

not belong in the previous set. However, low prediction error would suggest that the new 

object is similar to the previous set and should be incorporated. Interestingly, Forcato et al 

(2016), found that an unpredictable reminder cue, as compared to more predictable ones, 

was able to initiate reconsolidation. Further, they found changes in left hippocampal activity 

only during this cue, which they assert suggests a role of the hippocampus in prediction error 

detection (Forcato et al, 2016). The different findings in these two studies suggest a need to 

consider at which point in the reactivation/presentation of new information the prediction error 

is being generated and the impact that will have on subsequent memory processing. 

This set of boundary conditions will likely change as more inconsistencies amongst the varying 

protocols arise. Further, the boundary conditions seem to interact, making them less cut and 

dried. It cannot be said that “X memory will (or will not) reconsolidate by Y means.” As more 

research emerges, definitions for these conditions might develop that will better describe the 

circumstances under which reconsolidation can occur. Going forward, it is important for 

researchers to remember that the absence of a reconsolidation effect does not mean 

reconsolidation does not occur in whatever species, memory type, reactivation method etc. 

they are using; it is possible that the protocol in use does not allow for it. Additionally, the 

presence of a reconsolidation effect does not mean that the result will generalize to other 

manipulations. 

1.1.3 Opposing Theories 

As previously mentioned, reconsolidation theory is not unanimously accepted by the memory 

field. The biggest opposition comes from supporters of the standard theory of consolidation. 

This theory states that systems consolidation occurs through making hippocampal-dependent 
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memories hippocampal independent as their retrieval becomes dependent on the neocortex. 

This process can take weeks, months, or even years, but the end result is that the 

hippocampus is not required for retrieval of that memory, and the memory is resistant to 

interference (Dudai, 2004;Hardt et al, 2010). Some argue that reconsolidation and the findings 

supporting it are just a continuation of this consolidation process. This interpretation of the 

data stems from inconsistency in the literature and a conservative approach to the conclusions 

being drawn (Dudai & Eisenberg, 2004). Others in this camp suggest memories have a 

gradient of stability during the consolidation process, during which reactivation can cause 

labilization. However, once stable, a memory can only be modified but not disrupted (Alberini, 

2005). The idea of continued consolidation has been taken further to propose that 

consolidation never ends (Dudai, 2012;McKenzie & Eichenbaum, 2011). As they suggest, 

memory formation itself requires reorganization to integrate into existing knowledge, and they 

equate the reorganization to what occurs during reconsolidation. Every bit of information 

requires integration and, thus, reorganization (McKenzie & Eichenbaum, 2011). 

A chief counterclaim for the standard theory of consolidation comes from the multiple trace 

theory (MTT). This theory suggests that certain memories, those containing rich detail, remain 

reliant on the hippocampus and that the hippocampus acts as an index for bits of information 

scattered in the neocortex that relate to one memory (Nadel et al, 2007). This idea has been 

substantiated by animal and brain imaging research that show the involvement of the 

hippocampus in retrieving detailed memories (Hardt et al, 2010). In terms of reconsolidation, 

MTT posits that reactivation of a memory would require the hippocampus to retrieve the 

memory and update it with new information before it is restabilized once more (Nadel et al, 

2007). However, this theory does not speak to memories that are not facilitated by the 

hippocampus (Hardt et al, 2010). 
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Another opponent of the reconsolidation interpretation, especially that of the results from the 

paradigm used by Hupbach (2007;2009;2008) and colleagues and in this dissertation, claims 

the results can be explained by the Temporal Context Model (TCM) that relies on the notion 

of context reinstatement. Proponents of TCM argue that at the time of the reminder, contextual 

information related to memory of set 1 is reinstated so that set 2 items become associated 

with that context during learning. Then, at retrieval in the memory test, reinstatement of the 

first context causes all linked items (those from set 1 and 2) to have increased odds of being 

recalled. However, this approach is unable to account for the finding that the spatial context 

alone was necessary and sufficient to allow for reactivation-mediated updating found in the 

Hupbach et al 2008 study (Sederberg et al, 2011). Along the same lines, Gisquet-Verrier and 

colleagues (2015) suggest that some of the substances used to block reconsolidation create 

an internal state that becomes associated with a memory. This state must then also be present 

at retrieval to express the full memory. They claim that the amnesic effects seen after 

reactivation and memory interrupting-injections can be reversed with a reminder and 

reinstatement of the internal state created by the drug at retrieval (Gisquet-Verrier et al, 2015). 

However, the recent study described previously (Simon et al, 2017) suggests that a more 

accurate reactivation should result in a greater mismatch between an old memory and current 

conditions, thus preventing reconsolidation-mediated updating.  

1.2 Memory and Aging 

Healthy aging is associated with a number of cognitive changes not due to pathology. In the 

realm of memory, episodic memory has been overwhelmingly found to be affected the most 

by age compared to semantic memory. Episodic memory is the memory of events that 

includes temporal, contextual, and other associated details; semantic memory is memory for 

information that does not include specific details about the events during which this 

information was acquired. The changes in episodic memory have been linked to volumetric 
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and functional changes in the medial temporal lobe (i.e. hippocampus) and the frontal lobe 

(e.g. prefrontal cortex) (Burke & Barnes, 2006;O'Shea et al, 2016). In this section, some of 

the theories proposed to explain the memory deficits seen with age will be discussed. Further, 

changes in context and source memory abilities will be discussed as they are important for 

the logic and predictions of this dissertation. Finally, current ideas on the effects of aging on 

consolidation will be briefly reviewed. 

1.2.1 Theories of Age-Related Memory Change 

Many theories have been presented to account for the changes in memory associated with 

aging (for review, see Parks and Festini, 2017). One such theory suggested that the deficits 

were due to an overall slowing of processing speed. In this theory, two mechanisms were 

proposed. First, the increased time it takes for an older adult to complete an operation may 

make certain cognitive functions more difficult to accomplish. Second, multicomponent 

operations are made difficult if the results of an early operation are not available by the end 

of later operations (Park & Festini, 2017;Salthouse, 1996).  

A second theory, developed from a series of findings, attributes memory decline to a decrease 

in available resources. It was first discovered that the level of encoding and processing of 

information was more important than the intention to remember something. Second, 

experiments revealed that older adults benefited from external cues, termed environmental 

support; however, these cues were not enough to rescue a memory completely compared to 

young adults. These discoveries led to the idea that older adults have fewer resources to allot 

for processing, leading to more general processing that is lacking in detail. While much of this 

theory has been questioned and explained with other ideas, it is consistent with the fact that 

older adults do encode in a gist-based manner (Park & Festini, 2017).  

Others suggested that inhibition, or lack thereof, plays a role in age-related memory 

impairments. The decreased ability to inhibit can lead to a failure to suppress non-relevant 
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information, allowing for distractions and competition between the target and background 

information (Park & Festini, 2017). For example, Gopie et al (2011) showed that older adults 

had better memory compared to young adults for information not relevant to the task at hand 

when tested implicitly. Further, this group has focused on older adults’ decreased ability to 

inhibit unimportant information by using it as a method to improve memory on future tasks 

(Biss et al, 2013). 

Naveh-Benjamin (2000) put forth the associative deficit hypothesis postulating that a majority 

of the memory impairments are due to the fact that older adults have difficulty binding bits of 

information together. Through a series of experiments, it was suggested that memory for 

individual items may be relatively spared, but the associations between two items suffer. 

Further, the deficit can be ameliorated if the items already have some inherent link (Naveh-

Benjamin, 2000;Naveh-Benjamin et al, 2003). A meta-analysis maintained that aging causes 

a greater deficit in associative memory than in item memory and extended the theory to 

include context and source memory (Old & Naveh-Benjamin, 2008). While there is general 

agreement in the literature that associative memory problems do exist, the underlying cause 

is not settled.  

These are only a few of the theories that have been proposed in the literature, some gaining 

more traction than others, and this list does not include ideas that consider brain mechanisms 

as suggested by imaging techniques and the body of animal studies. It is important to note 

that these theories seem to suggest a solitary reason for age-related memory changes; 

however, it likely is not that simple. There are considerable individual differences in the aging 

population that must be accounted for. While genetics introduce some level of variance at the 

beginning of one’s life, factors that can affect how one ages, such as education, environment, 

health, and other experiences, can accumulate and cause divergence over the span of a 

lifetime. It is possible that only a theory that considers individual differences and some aspects 
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of current theories will be able to fully explain how memory is affected by age (Alexander et 

al, 2012;Park & Festini, 2017). 

1.2.2 Context and Source Memory Impairments 

As discussed previously, older adults have deficits in memory for associations between items 

and other items, sources, or context. In the paradigm used in this dissertation, the context is 

both necessary and sufficient in young adults to reactivate the previous day’s memory, which 

is believed to allow for reconsolidation-mediated updating (Hupbach et al, 2008). Therefore, 

it is important to consider the item-context binding deficits seen with aging. A meta-analysis 

by Spencer and Raz (1995) suggests that contextual memory itself is affected to a greater 

extent by aging than item memory. This is especially true when the context is less associated 

with the target. Additionally, the contextual memory deficit is not dependent on effort required 

at retrieval (Spencer & Raz, 1995). This finding has also been seen in a study that had 

participants remember objects (pictures) and context (position) alone. Moreover, when asked 

to retrieve object-context or context-context features together, older adults had more difficulty 

than young, suggesting a problem with binding information together with age (Kessels et al, 

2007). This item-context binding effect seen with age has been substantiated with object-

scene pairs (Chee et al, 2006), word-face (scrambled or unscrambled background) pairs 

(Fernandes & Manios, 2012), and face-scene pairs (Becker et al, 2015), just to name a few. 

However, both young and older adults show improvement for item memory when it is 

presented in the same context at test compared to a different context, even when explicit item-

context memory is impaired (Ward et al, 2016). 

The major limitation in these studies in terms of the paradigm being used is the differing 

definition of context. In a number of studies that examine item-context association, context is 

often the background upon which the item is presented, typically on a computer screen. 

However, in the reconsolidation paradigm used here, context refers to the physical room the 
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participant is in. This is a far more complex context that requires the binding of many bits of 

information to create the whole. Therefore, the effects of aging on spatial memory, beyond 

the two-dimensional space of a computer screen, will also need to be considered. Using a 

human version of the Morris water maze in which participants had to locate a target within an 

enclosed tent space with cues on the parameter, Newman and Kaszniak (2000) were able to 

demonstrate a spatial memory impairment in older adults compared to young in a physical 

environment. Similarly, Moffat and Resnick (2002) used a virtual Morris water maze to show 

that older adults travelled a longer distance to get to the target compared to young and spent 

less of that distance in the vicinity of the target, suggesting less accurate knowledge of the 

space. Further, poor map reconstruction was attributed to use of cues closer to the target 

rather than the distal cues, indicative of poor allocentric mapping (Moffat & Resnick, 2002). In 

a virtual reality maze environment, older adults had more difficulty recalling landmarks and 

their configuration compared to young (Jansen et al, 2010). Overall, these studies give 

examples of the impairments in spatial memory due to age. The poor map making and 

configuration knowledge in two of these studies may reflect the impairment in associating 

items within a spatial context. 

In two of the experiments of this dissertation, older adults must retrieve source information, 

which is memory for the origin of information, to perform the memory task. It is important to 

note that what is considered source and context memory may sometimes overlap, depending 

on the materials and task. In this case, I will use the definition given by Glisky et al (2001), 

where source memory tasks have a “many-to-few mapping,” such as many items learned in 

one of two sets or days. In one study, this type of memory was found to be impaired in a 

subset of older adults. Using voice (item)-sentence (source) pairings, they found that only 

older adults who have lower frontal lobe functioning, as measured by a battery of tests thought 

to engage this area, showed impairment in identifying the pairs together. Older adults with 
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higher frontal functioning did not show a difference from young adults. Additionally, this effect 

was diminished when participants were directed to the relation between the item and source 

at learning, as opposed to just the item, suggesting that source memory problems may stem 

from encoding problems (Glisky et al, 2001). Further, the relationship between frontal function 

and source memory was not found in young adults, possibly implicating a greater demand on 

frontal functioning with age when associations between pieces of information must be made 

(Glisky & Kong, 2008). Poorer source memory compared to young was also shown using 

pictures of chairs (item) in rooms (source), though the advantage of representing the pairs 

together that was seen with the voice-sentence pairs was not seen here. The authors propose 

that the context/room was encoded weakly and not strongly associated with the item (Glisky 

et al, 2001). 

1.2.3 Memory Consolidation and Aging 

In order for a memory to be reconsolidated, it must first be acquired and consolidated to some 

level; therefore, it is important to consider the effects of aging on this initial process. However, 

a majority of the studies previously discussed and that examine the role of aging in episodic 

memory do so in the short term, usually over the course of no more than a few hours. In a 

number of long-term consolidation studies in older adults, performed over periods of sleep or 

wake, the results seem to be mixed (Brown & Maylor, 2016). It is clear that young adults show 

an improvement in memory from baseline over periods of sleep compared to individuals who 

stayed awake. This effect is referred to as sleep dependent consolidation and is thought to 

prevent interference (Pace-Schott & Spencer, 2015). Further, a number of age-related 

changes in sleep have been found, including those suggested to be important for memory 

consolidation. Older adults typically have decreased levels of slow wave sleep, more 

fragmented sleep, decreased total sleep time and sleep efficiency, and a change in overall 

sleep-wake patterns (Buckley & Schatzberg, 2005;Pace-Schott & Spencer, 2015). Taken 
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together, it has been suggested that these sleep changes would result in alterations in 

memory consolidation with age, conceivably responsible, at least in part, for the age-related 

deficits in memory (Buckley & Schatzberg, 2005). A lack of improvement of memory over 

sleep in older adults has been found using word pairs. They also found a negative correlation 

between slow wave sleep and memory (Scullin, 2013). However, others have found that older 

adults are capable of improvement with sleep using stories and personal events; what’s more, 

they found a correlation between the amount of sleep and the level of improvement (Aly & 

Moscovitch, 2010). From a meta-analysis, Gui and colleagues (2017) concluded that the 

deceased benefit from sleep in older adults is largely driven by studies examining declarative 

memory as opposed to procedural memory. While some claim there is no evidence of 

consolidation in older adults following sleep (Scullin & Bliwise, 2015), it is more likely that 

consolidation processes are altered with age that prevent seeing benefits of sleep with certain 

protocols. One group suggests that consolidation may play a role in integration of new 

information into existing channels as opposed to stabilization of new memories (Brown & 

Maylor, 2016). 

1.3 Memory Reconsolidation in Aged Subjects 

To my knowledge, only three studies have examined the role of healthy or pathological aging 

in memory reconsolidation. The first used a fear condition paradigm (context + shock) in a 

mouse model of Alzheimer’s disease. They claim that reconsolidation problems in the AD 

mice were evident as reactivation caused subsequent amnesia due to an inability to restabilize 

the memory, compared to the wild-type mice. Further, this effect was dependent on the 

advancement of the pathology seen in this mouse model. However, it is important to note that 

these were not actually aged mice, as the model develops within the first year of life (Ohno, 

2009). 
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A second study involving collaboration between the labs of Dr. Jean-Marc Fellous and Dr. 

Elizabeth Glisky at the University of Arizona examined reconsolidation in both aged rats and 

humans. Using an animal version of the paradigm described by Hupbach et al (2008), 

previously applied to young rats to demonstrate reconsolidation (Jones et al, 2012), Jones 

and colleagues (2015) first explored the basic manipulation of a contextual reminder in aged 

rats. The animals were trained on a set of 3 feeders (equivalent of the set of objects in the 

human studies) on day 1 in context A. On day 2, the rats learned a second set of 3 feeders in 

either context A (Reminder) or context B (No Reminder). On day 3, they were cued to recall 

the day 1 set. While young rats show the typical pattern of the Reminder group showing more 

intrusions of set 2 into set 1 (a feeder from set 2 incorrectly recalled as set 1) than the No 

Reminder, both groups of aged rats showed low intrusions, suggesting that updating of the 

set 1 memory did not occur. In a second experiment, the aged rats were cued to recall set 2 

on day 3. The No Reminder group showed more correct recall and intrusions of set 1 into set 

2 than the Reminder group. Further, intrusions were equal when cued to recall set 1 and set 

2, whereas one would expect to see low intrusions for both groups when recalling set 2 as a 

marker for memory updating. These results combined suggest general interference and not 

memory updating in the aged rats. In a final experiment in the aged rats, they were cued to 

recall set 1 shortly after learning set 2. The Reminder group had significantly more intrusions 

than the No Reminder group, suggesting a role of interference in the short term, even though 

the intrusions decrease to show similar levels in both groups in the long term (Jones et al, 

2015). 

In the same study, a modified version of the paradigm from Hupbach et al (2008) was used 

with older adults (ages 65+), which will be described in the procedure of Experiment 1 of this 

dissertation. Only a contextual reminder was used where participants went to either the same 

room (Reminder) or a different room (No Reminder) as day 1 on day 2.  Participants were 
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asked to recall as many objects as possible from day 1 on day 3. Each condition was 

separated into four groups constructed from the participants’ frontal (high, low) and medial 

temporal (high, low) functioning, which was established using a battery of tests, to determine 

if either had a role in how aging affects memory reconsolidation. However, no effect of 

neuropsychological functioning was found, so results were collapsed across groups to create 

a single Reminder and No Reminder group. The main finding showed the No Reminder had 

more intrusions of set 2 into set 1 than the Reminder group, which is a reversal of the original 

pattern seen in young adults (see Figure 1). Even though Reminder had fewer intrusions, the 

levels were still relatively high compared to what a true reversal would look like. These results, 

taken with the aged rat experiments, suggest that a contextual reminder is insufficient to 

trigger reconsolidation-mediated updating in aged animals or humans. The authors attributed 

the findings to general interference, but suggest further testing is necessary to fully understand 

the role aging plays in reconsolidation (Jones et al, 2015). 

 

Figure 1: Mean proportion of objects correctly and incorrectly (intrusions) recalled in young and older 
adults from Jones et al (2015). 

 

Finally, St. Jacques and colleagues (2015) used a museum tour paradigm to study the effects 

of aging on reconsolidation-mediated updating processes. On day 1, participants did a 

physical tour of a museum with predetermined stops accompanied by audio information. On 
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day 2, participants were shown pictures of some of the stops from the tour as a means of 

reactivation. While showing these target stops, lure stops from an alternate route of the tour 

were sometimes shown, though the instructions for these were different. On day 3, 

participants were shown pictures of stops from the tour they attended as well as the alternate 

route, and they had to give yes/no judgments on whether they had visited them. They found 

that older adults showed overall more false alarms than young adults. Further, both groups 

gave more “yes” responses for targets and lures that had been shown on day 2, though young 

adults showed more of a benefit than older adults. The authors concluded that these results 

demonstrate a reduced effect of reactivation-mediated updating in older adults that, to some 

degree, prevented strengthening of correct memories and distortions with false information 

(St Jacques et al, 2015). 

1.4 Contribution 

The author of this dissertation was solely responsible for screening and scheduling 

participants, organizing rooms and materials, and executing other logistics for all experiments. 

Due to the nature of the paradigm utilized, research assistants were required for testing. They 

were allowed to test participants as much as schedules and conditions would allow to gain 

experience and to fulfill their required hours for their research course credit. When necessary, 

I would test, which was at least one session for almost all participants in the first experiment 

and a number of other sessions for the second and third experiments.  
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CHAPTER 2: Experiment 1 

2.1 Purpose and Rationale 

As stated in the previous chapter, minimal work has been done to explore the effects of 

healthy aging on memory reconsolidation. In this experiment, we aimed to further examine 

reactivation-mediated updating in the paradigm utilized in Hupbach et al (2009) and Jones et 

al (2015) in a population of older adults. As a general review, participants learned a set of 

objects on day 1. On day 2, they were either given a reminder or no reminder prior to learning 

a second set of objects. On day 3, memory for the objects was tested. Items that are 

incorrectly remembered as being from the other day’s set are called intrusions.  

Our first goal was to replicate the findings of Jones et al (2015) in aged humans that showed 

an irregular pattern of intrusions compared to what is seen in young adults, where the No 

Reminder group showed more intrusions than the Reminder. Second, we aimed to determine 

what type of errors were being made by the older adults given the unexpected results. To do 

this, we implemented the protocol described by Hupbach et al (2009) that used a 

recognition/source memory task, which allowed for within subject testing for the memory of 

both sets of objects learned. The learning criteria and object set modifications (described 

below) used in the previous older adult study were also used here; additionally, we continued 

the use of a context only reminder since it has been established as sufficient to induce 

reactivation-mediated updating in this paradigm (Hupbach et al, 2008). Finally, we hoped to 

explore possible explanations for the expected results by including secondary measures: a 

spatial awareness task and actigraphy as a measure of sleep. 

The spatial awareness task used here was first applied to this paradigm where participants 

were tested in a novel context on day 3. Previous findings indicated that only approximately 

half of participants who received a reminder show intrusions of set 2 into set 1 when recalling 
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in a novel context as opposed to the standard day 1 context (Hupbach et al, 2008). When the 

spatial awareness task, which asks participants to give locations of unlearned objects from 

around the day 1 room, is applied to a novel context recall manipulation, those with lower 

spatial awareness (indicated by a lower ability to give the location of objects) showed higher 

intrusions of set 2 into set 1. Further, a positive correlation was found between recall of set 1 

and spatial awareness scores (Wager, 2012). Given the importance of the context in 

reactivating the set 1 memory to allow for updating in this paradigm and the decreased 

context/spatial memory found with age described earlier, we used this task to determine if 

awareness of the space has any bearing on the outcome of this experiment. 

We also utilized actigraphy as a measure of sleep; this involves wearing a watch-like monitor 

on the wrist which measures body movement throughout the day and night as a proxy for 

potential wake or sleep periods. Actigraphy has been validated as a method for certain sleep 

measures, including total sleep time and sleep efficiency, compared to EEG (de Souza et al, 

2003), including in older adult populations (Blackwell et al, 2011;Sherman et al, 2015). 

However, individuals with shorter sleep periods and/or more fragmented sleep may have their 

total sleep time overestimated (Blackwell et al, 2011). While little research has been done, 

sleep has been implicated as a facilitator of memory reconsolidation (Klinzing et al, 

2016;Stickgold & Walker, 2005). Previous work in young adults in our lab has found that 

intrusions of set 2 items into set 1 was dependent on the total sleep time following learning 

each set. Less sleep after learning set 1 and more sleep after learning set 2 resulted in more 

intrusions (Bryant et al, 2012). These results, taken with the changes in sleep previously 

discussed, may suggest a role for sleep in the modulation of the memories for the sets of 

objects learned by the older adults. 
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2.1.1 Predictions 

In the previous experiment both groups showed high levels of intrusions of set 2 into set 1, 

though the No Reminder group had significantly more (Jones et al, 2015). Therefore, there 

are two likely outcomes of the recognition/source memory task: 1. Both groups exhibit memory 

updating, possibly facilitated by another means of reactivation beyond the context reminder. 

This would be the case if intrusions of set 1 into set 2 were low in this experiment. 2. The 

intrusions are the results of source confusion, causing the intrusions for each set to be 

comparably high. 

There are a number of factors to consider when thinking about these two outcomes. First, 

consolidation impairments may result in a weaker memory trace in older adults. Weaker 

memories have been shown to be more prone to updating. Further, this weaker memory could 

lead to less faithful reactivation and lower prediction error, making the memory more 

susceptible to updating (Simon et al, 2017). On the other hand, if reconsolidation processes 

are similarly impaired in older adults as is consolidation, the original memory may remain more 

“pure” due to an inability to integrate the new information, as in the aged rats of the Jones et 

al. study (2015). However, given the age-related deficits seen in binding item information with 

source information and the lack of similarities between the rodent and human data in the 

Jones study, it could be more likely that the older adults will show general source confusion 

as the objects from each set may be freely floating in memory, weakly associated with their 

given source. Yet, if the intrusions seen in the Jones study in older adults were the result of 

source confusion, one would expect a role of frontal functioning, which was not found. 

The spatial awareness task may prove to be a difficult task for the older adults to perform. The 

deficits seen in context/spatial memory, especially the studies showing impaired map drawing 

(Jansen et al, 2010;Moffat & Resnick, 2002), may predict poor spatial awareness memory. 

This effect could be exacerbated by the fact the room and its associated objects are task 
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irrelevant; the participants may simply ignore the space to focus on learning the sets of 

objects. However, it is also possible that older adults’ inability to inhibit irrelevant information 

may come into play. Under the assumption that memory reconsolidation is intact in older 

adults, one might expect that an increased awareness of the space would allow for more 

faithful reactivation and improved chances of updating in the Reminder condition. However, 

this is contradictory to what was found in young adults who recalled in a novel context (Wager, 

2012). If intrusions are the result of source confusion, it is less likely that there will be a 

relationship between the spatial awareness task and intrusion rates. 

Based on the literature and the previous finding in this paradigm, one would anticipate that 

sleep time would relate to intrusion levels. The most important night of sleep would likely be 

the night following day 2 learning, as this is the period of time when reconsolidation would 

occur. If reconsolidation is intact in older adults, more sleep would result in more intrusions of 

set 2 into set 1. Likewise, sleep following day 1 learning would possibly dictate the strength of 

the memory and its susceptibility to updating or source error. 

2.2 Methods 

2.2.1 Participants 

We recruited a total of 40 community-dwelling older adults aged 65 or older from an existing 

database in the Aging and Cognition Lab or through flyers. Participants answered health 

screening questions prior to scheduling. We excluded for any previous neurological problems 

or any medications that could affect cognition, such as anti-depressants or sleep aids. 

Participants were also given the STOP portion of the STOP-Bang questionnaire as a 

rudimentary screen for sleep apnea given the investigation of sleep in this current study 

(Chung et al, 2012). Participants were volunteers and were not compensated for their time. 

11 participants were excluded from the study for not completing all days of the study, 

methodological errors, or newly revealed health information that typically prevented 



38 
 

recruitment. Table 1 shows the breakdown of age, education, and gender for the two groups 

included in the study. The groups did not differ significantly in age (t(27)=0.992, p=0.330) or 

education (t(25)=0.756, p=0.457). 

Table 1: Mean participant age, education, and gender in Experiment 1. (SEM in parentheses)  

 

2.2.2 Materials 

Stimuli 

Participants learned a set of 15 objects on day 1 and day 2. The two object sets used are 

listed in Table 2. Set A and Set B were counterbalanced across days so that a similar number 

of participants experienced each list first. The New Set (15 objects) was used in the 

recognition/source task as distractor items. 

Table 2: Sets of objects used throughout Experiment 1 

Set A Set B New Set 

Apple Bow Banana 

Battery Calculator Bracelet 

Book Crayon CD 

Cassette Tape Cup Chopstick 

Cell Phone Feather Clothespin 

Comb Flashlight Coin 

Dollar bill Flower Eraser 

Elephant Glue Leaf 

Pot/Pan Key Light bulb 

Puzzle Piece Spoon Lipstick 

Rock Sunglasses Paintbrush 

Thread Teabag Scissors 

Tissue Tennis ball Stamp 

Straw Toothbrush Stapler 

Zipper Whistle Washcloth 

 

Group N Age Education Gender 

Reminder 15 74.40 (1.88) 17.36 (0.64) F=11 

No Reminder 14 76.79 (1.47) 16.62 (0.76) F=11 
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Spatial Awareness Objects 

Two distinct rooms were used (rooms 101 and 512 of the Psychology building at the University 

of Arizona) as day 1 and day 2 contexts; this allowed for counterbalancing of the rooms. Each 

room was associated with two sets of objects (10 each) placed around the room. Some objects 

were permanent (e.g. doors) while others were moveable; however, all objects remained in 

the same location throughout the experiment. Pictures of these objects were taken, along with 

pictures of similar distractor items, for use during the Spatial Awareness Task. Also, a bird’s-

eye-view map was made on poster board for each room to place the object pictures on. Room 

maps that were used for scoring showing correct locations of each object can be found in the 

Appendix. 

Actigraphy 

Participants wore Phillip Respironics Actiwatch 2 wrist actigraphs during the course of the 

experiment to record activity (movement) as an objective measure of sleep throughout each 

night. The Actiwatches were configured, and data were retrieved using Phillip Respironics 

Actiware software. 

2.2.3 Procedure 

Pre-session:  Participants were brought to a room in the Psychology building, or the 

experimenter would go to their home if necessary (2 participants). Participants were provided 

information about the study and gave informed consent to participate. Participants also signed 

an Actiwatch responsibility form to become familiar with the limits of the watch.  The 

experimenter then informed the participant about using the Actiwatch. The participants were 

instructed to wear the watch on their non-dominant wrist until the final day of the experiment 

(about a week) and to press the button on the side any time a “sleep event” occurred. A sleep 

event was defined as any time the participant intended to go to sleep or wake up, such as 

nighttime sleep or a nap. Finally, the participants were given a sleep diary (see Appendix) to 
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fill out every morning for the previous night’s sleep until the end of the experiment. The 

participant filled out an example day to allow for any questions. The sleep diary was used to 

corroborate the Actiwatch data. 

Day 1: Participants were brought to a novel room in the Psychology building (context A) and 

interacted with a novel experimenter (experimenter 1).  

Sorting Procedure – Participants were told they would be learning a list of 15 objects, 

shown one by one, and that they would have to recall them afterwards. A basket was placed 

on the left side of the experimenter on the table and a blue bucket was placed on the right. 

Objects were pulled one by one from the blue bucket and shown to the participant. The 

participant was asked to name each one. After the naming, the object was placed in the 

basket. This was continued until all 15 objects were shown. As the objects were moved back 

to the blue bucket and placed out of sight of the participant, the experimenter would engage 

the participant with a short conversation about a specific topic (i.e. living locations) to prevent 

rehearsing of the objects. The participants were then asked to freely recall as many objects 

as possible. Participants were not given a time limit. If the participant did not recall at least 

13 objects, the learning procedure was repeated. Participants were given up to 5 learning 

trials to reach criterion.  

Trivia Questions – For the next task, participants were instructed that they would be 

answering trivia questions. They were given the question and four possible answer choices, 

and they had to choose which they thought was correct. After giving their answer, they were 

told whether they were correct or not and given the correct answer, if necessary. Questions 

were given in sets until approximately the 30 minute mark from the start of the day was 

reached. This varied the number of questions the participant received based on how quickly 

they performed each task. The participants were then told that there was not enough time 

to finish the task, and they would finish it during the next session. The trivial questions task 
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was intended to distract from the sorting procedure in hopes of preventing them from 

thinking about the objects once finished with the experiment for the day. 

Day 2: Prior to the beginning of the experiment, participants were semi-randomly assigned to 

the Reminder or No Reminder condition. The condition may have had to be controlled based 

on room or experimenter availability, but only when necessary.  If participants were in the 

Reminder condition, they were brought to the same room from day 1 (context A); if they were 

in the No Reminder condition, they were brought to a novel room in the Psychology building 

(context B). All participants interacted with a different experimenter from the pre-session or 

day 1 (experimenter 2). 

Trivia Questions Continued – Participants were informed they would be finishing the 

questions from the first day. They answered questions from at least two sets. 

Dumping Procedure – Participants were told they would be learning a list of objects that 

would be dumped on the table all at once, and they should name them each out loud. The 

objects were then all dumped on the table from a small shipping box. The objects were 

moved so that they were not covering one another and were upright. The participants were 

then asked to name each object. They were then given 30 seconds to look over the objects. 

The objects were then swept off the table into the box while the experimenter engaged in a 

short conversation about a separate topic from day 1 (i.e. family). This prevented unwanted 

reactivation of the memory from day 1. The participants were asked to recall as many objects 

as they could. This learning procedure was repeated until the participants reach criterion 

(13 objects or 5 learning trials). 

Day 3: Participants returned to the room from day 1 (context A) and interacted with 

experimenter 1 from day 1. 

Recognition/Source Task – Participants were orally given a randomized list of all objects 

from day 1 and day 2, as well as 15 new objects they did not previous learn. Each participant 
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received a different order. Objects from a given set were restricted to only three 

consecutively listed objects. The name that the participant used for each object during the 

previous sessions was used unless it conflicted with a “new” object or caused ambiguity (i.e. 

using “rose” as opposed to “flower”). Upon naming of an object by the experimenter, the 

participant was instructed to first indicate whether the object was old, meaning it was learned 

on either day of the experiment, or new, meaning it had not been learned during the 

experiment. Second, if the participant indicated that the object was old, they were to say 

which day they learned the object, day 1 or 2. Finally, the participants had to give a 

confidence rating for each object, 1 being the least confident and 5 being the most. The 

process was repeated for the remaining 44 objects. 

Location Change – The participants were then taken to a different room from day 1 or day 

2 (context C), typically the same room from the pre-session, when possible. The same room 

was used due to the limited availability of different rooms. They continued to interact with 

experimenter 1. 

Spatial Awareness Task – The participants were shown 10 pairs of pictures. For each pair, 

one of the objects pictured was a non-learned object from around the room from day 1. The 

accompanying picture was a similar object, such as a lamp compared to a different lamp. 

The participants had to indicate which of the objects from each pair they believed was in the 

room on day 1. The pairs were shown one-by-one, and the participant’s choice was placed 

to one side until all 10 pairs were shown. 

The participants were then shown a bird’s eye view simple map of the room from day 1 with 

only the table, chairs, and walls to provide some bearing. The participants were told where 

both they and the experimenter were sitting. They then were asked to place the 10 pictures 

of the objects they indicated were in the room in the location they believed the objects to 
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have been. Once they were satisfied with their answers, the experimenters transferred the 

responses to an answer sheet using the corresponding number for each object. 

Follow Up Questions, MMSE, & Debriefing – Participants were asked a series of 

questions about the experiment to obtain a general idea of expectations, reflection outside 

of the experiment, awareness, and strategies (see Appendix). Participants were also given 

the Mini-Mental State Exam (MMSE) as a screen for overall mental functioning if they had 

not been given the exam within the previous two years. Finally, participants were told the 

purpose of the experiment. 

Returning for NP – As a follow up measure aimed at understanding the role of source error 

in the results, some participants were brought back in for a series of tests that create a 

composite of frontal lobe functioning. This battery has previously been shown to relate to 

source memory (Glisky et al, 2001). Only those who had not been tested within the two 

years prior to our experimental testing returned to take this battery. The scores of 

participants who had been tested within two years were used in their case. Scores were not 

available for 5 of the No Reminder group. 

2.3 Results 

2.3.1 Day 1 and Day 2 Learning Trials 

The number of learning trials it took the participants to reach a criterion of 13 objects or 5 

learning trials on day 1 and day 2 was analyzed. Those who did not reach 13 objects by the 

5th trial were given a score of 6. The mean number of trials to criterion is displayed in Table 

3. Using a 2 (group) X 2 (day) mixed ANOVA, only a main effect of day was found 

(F(1,27)=22.438, MSE=0.594, p<0.001, n2=0.454). Participants took fewer trials to learn the 

sets on day 2 than day 1. There was no main effect of group (F(1,27)=0.539, MSE=3.113, 

p=0.469, n2=0.020) nor any interaction (F(1,27)=0.736, MSE=0.594, p=0.398, n2=0.027) 
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Table 3: Mean number of learning trials to criterion in Exp 1 (SEM in parentheses) 

Group Day 1 Trials Day 2 Trials 

Reminder 3.80 (0.40) 2.67 (0.40) 

No Reminder 3.29 (0.30) 2.50 (0.29) 

 

2.3.2 Recognition/Source Task 

The results of the recognition portion of the memory task (identifying each object as old or 

new) are shown in Table 4. Hits were combined across day 1 and day 2 objects; there was 

not a significant difference between the groups (t(27)= -1.232, p=0.229). False alarms were 

broken down into what set they were identified as belonging to in the source portion. These 

were analyzed with a 2 (set) X 2 (condition) mixed ANOVA. There was a main effect of 

condition (F(1,27)=6.709, MSE=0.002, p=0.015, n2=0.199); the Reminder group showed more 

false alarms overall than the No Reminder group. However, there was no main effect of set 

(F(1,27)=1.336, MSE=0.003, p=0.258, n2=0.047), and there was no interaction 

(F(1,27)=0.649, MSE=0.003, p=0.428, n2=0.023). 

Table 4: Mean percentages of hits and false alarms in Exp 1 (SEM in parentheses) 

Group Hits 
False Alarms 

Identified as Set 1 
False Alarms 

Identified as Set 2 

Reminder 95.78 (1.36) 6.22 (1.89) 3.56 (1.10) 

No Reminder 97.86 (0.96) 1.90 (0.84) 1.43 (1.03) 

 

The results of the source portion of the memory task are shown in Figure 2. The mean number 

of objects for which the source was correctly and incorrectly identified were analyzed in two 

separate 2 X 2 mixed ANOVAs with group (reminder vs no reminder) and set (1 or 2) as the 

independent variables. For correctly identified source, there was a main effect of group 

(F(1,27) = 5.376, MSE=0.060 p=0.028, n2=0.166) and set (F(1,27)= 22.331, MSE=0.023 

p<0.001, n2=0.453). There was no interaction (F(1,27) = 1.994, MSE= 0.012 p=0.169, 

n2=0.069). The No Reminder group correctly identified the source of the objects more often 
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than the Reminder; further, memory for set 1 was better than set 2. In the second analysis for 

incorrect source, there was also a main effect of group (F(1,27)=4.822, MSE=0.050, p=0.037, 

n2=0.152) and set (F(1,27)=24.858, MSE=0.023 p<0.001, n2=0.479). There was no interaction 

(F(1,27) = 3.075, MSE=0.023, p=0.091, n2=0.102). The Reminder group incorrectly identified 

the source of more objects from both sets than the No Reminder group; additionally, both 

groups incorrectly identified more set 2 objects as set 1 than vice versa. 

We also examined the relationship between the intrusions, that is, objects whose sources 

were incorrectly identified for each set. This is depicted in Figure 3. We found that the mean 

number of intrusions of set 2 into list 1 positively correlated with the mean number of intrusions 

of set 1 into set 2 for the Reminder group (r=0.575 p=0.025). However, a relationship was not 

found for the No Reminder group (r=0.347 p=0.224).  

There was no correlation between intrusions of either type and age. Also, no relationship was 

found between the Frontal Factor score and any of the measures from this experiment. Both 

age-corrected and uncorrected mean scores are given in Table 5. There were no differences 

between groups (uncorrected t(22)= -0.635, p=0.532; age-corrected t(22)= -0.442, p=0.663). 

Uncorrected scores were used for comparisons as the source memory scores are not age-

corrected due to non-standardization.  

Table 5: Mean Frontal Factor (FF) scores (SEM in parentheses) 

Group FF Uncorrected FF Age-Corrected 

Reminder -0.169 (0.162) -0.150 (0.157) 

No Reminder -0.590 (0.172) -0.002 (0.145) 

 

The confidence ratings for each object identified as “old” were compared across the different 

source identification groups (see Figure 4). A 2 (condition) X 2 (source, set 1 or set 2) X 2 

(set identification) mixed ANOVA was performed. There was no main effect of source 

(F(1,19)=1.565, MSE=0.256, p=0.226, n2=0.076) or condition (F(1,19)=0.003, MSE=0.959, 
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p=0.956, n2=0.0002). However, there was a main effect of set identification (F(1,19)=11.138, 

MSE=0.329, p=0.003, n2=0.370) and a significant interaction between source and set 

identification (F(1,19)=12.727, MSE=0.228, p= 0.002, n2=0.401). These results are driven by 

the lower confidence ratings given to set 1 objects incorrectly identified as set 2. No other 

interactions were significant. 

 

Figure 2: Mean percentage of correct and incorrect source identification in Exp 1. Error bars depict 
SEM 
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Figure 3: Relationship between intrusion types made during the recognition/source task in Exp 1 

 

 

Figure 4: Mean confidence ratings for objects identified as “old” separated by source identification in 
Exp 1. Error bars depict SEM. 
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2.3.3 Spatial Awareness Task 

Scoring 

Objects correctly identified as in the room from day 1 from each pair were scored out of 10. 

For the location score, a simple method of scoring based on each of the objects being placed 

on the correct wall or general region did not speak to the ability of participants as the 

correctness varied for each object based on the method used. Therefore, a system was 

created that scored each object on a scale (0, 0.5, 1, or 2 points possible per object) based 

on accuracy. This allowed for a total score of 20 points. The map showing the specific location 

for each object that was used for scoring, along with the scoring criteria for each object, can 

be found in the Appendix. 

Analyses 

The mean percentage of correct object and location in the spatial awareness task for each 

group is shown in Figure 5. The mean percentage of objects correctly identified as in the day 

1 room from each pair shown did not differ between the two groups (t=.322, p =.750). 

However, the reminder group showed better performance for correctly identifying the location 

of each object based on the scoring schema described above (t = 2.553, p =0.017). 

We also analyzed the relationship between the intrusions of each set and the correct location 

score. We found a positive correlation between intrusions of set 2 into set 1 and the location 

score for the No Reminder group (r=0.570, p =0.042) but not the Reminder group (r=0.072, p 

=0.798). This is depicted in Figure 6. No relationship was found between intrusions of set 1 

into set 2 and the location score for either the Reminder (r= 0.205, p=0.463) or No Reminder 

(r=0.097, p =0.751) conditions. 
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Figure 5: Mean percentage scores of correct object and location from the spatial awareness task in 

Exp 1. Error bars depict SEM. 

 

Figure 6: The relationship between the location score of the spatial awareness task and the intrusions 
of set 2 into set 1 from the recognition/source memory task in Exp 1. 
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2.3.4 Actigraphy 

Once data were retrieved from the Actiwatches using the Actiware software, they were 

analyzed using an existing algorithm of the program. Activity is measured within each 30 

second epoch to determine if the participant was asleep or not. The activity count threshold 

above which each epoch is labeled “wake” is 40. Further, markers were inserted into the data 

for each button press participants did for sleep events. Markers and the information provided 

by the sleep diaries were used to establish the period of time in which the participant had 

intention to sleep overnight. From the diary, this was roughly the time from “lights out” to “last 

awakening,” unless a comment indicated a different time intent on sleeping (e.g. dozing while 

watching T.V or falling asleep while reading). This will be called “time in bed,” even though 

many participants often spent time in bed without the intention to sleep (this time is not 

included). The Actiwatch data alone were not used as indication of intended sleep time since 

many participants would read or relax prior to trying to sleep, which would be classified as 

sleep by the algorithm due to the low levels of activity during that time. Within the period of 

sleep-intended time in bed, the number of minutes spent sleeping was calculated (total sleep 

time: TST) using the classification (sleep or wake) indicated by the software for each epoch. 

The efficiency of each night was also calculated by dividing the TST by the total time in bed. 

Three participants were excluded from analysis due to equipment error that prevented data 

collection or retrieval. 

The mean for each variable for each participant across all days was calculated. These values 

were compared across groups. No differences in mean time in bed (t(24)= -0.021, p=0.984), 

TST (t(24)= -0.554, p=0.585), or efficiency (t(24)= -1.411, p=0.171) were found (see Table 6). 

Table 6: Mean sleep measures from actigraphy data in Exp 1. (SEM in parentheses.)  

Group Mean Time in Bed Mean TST Mean Efficiency 

Reminder 443.74 (17.56) 390.52 (16.75) 87.98% (0.998) 

No Reminder 444.19 (11.91) 401.89 (11.87) 90.40% (1.394) 



51 
 

 

TST and Efficiency following Day 1 and Day 2 were compared to intrusions of each set. A 

relationship between TST following Day 2 and intrusions of set 2 into set 1 was trending 

towards significance in the No Reminder group (r=0.551, p=0.051) but not the Reminder group 

(r= -0.269, p=0.374). This relationship is depicted in Figure 7.  

Since participants saw the contexts of the experiment multiple times throughout the week, 

mean TST and mean efficiency were also compared to the spatial awareness location score. 

There was a positive correlation between mean TST and the location score in the Reminder 

group (r=0.688, p=0.009) and a trending correlation in the No Reminder group (r=0.568, 

p=0.054) (see Figure 8).  

 

Figure 7: The relationship between total sleep time following day 2 and intrusions of set 2 into set 1 in 

Exp 1. 
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Figure 8: The relationship between total sleep time and the location score from the spatial awareness 

task in Exp 1. 

2.4  Discussion 

This experiment sought to replicate previous findings and determine the nature of the errors 

made by older adults in a set-learning reconsolidation paradigm. Overall performance for set 

1 was better (more correct, fewer intrusions) than for set 2, and the No Reminder 

outperformed the Reminder group. Unexpectedly, results from Jones et al (2015) did not 

replicate. In the Jones study, the No Reminder group showed more intrusions of set 2 into set 

1 than the Reminder group, a reversal of what is typically seen in young adults. However, in 

this experiment, the Reminder group showed more intrusions of set 2 than the No Reminder. 

Further, the Reminder group showed more intrusions of set 1 into set 2 than the No Reminder 

group; however, overall both groups had more intrusions of set 2 than set 1. Interestingly, the 

intrusion types were correlated in the Reminder group but not the No Reminder group. 
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As mentioned before, there were two possible outcomes of this study, with the second being 

more likely than first: 1. Evidence for memory updating as demonstrated by low intrusions of 

set 1 into set 2 but high set 2 intrusions. 2. Source error as demonstrated by high levels of 

intrusions of both sets. In the case of the No Reminder group, the pattern and levels of 

intrusions are closer to what is seen in the young adult Reminder group (Hupbach et al, 2009), 

possibly suggesting that memory updating occurred in this group, despite the lack of 

contextual reminder. If that is the case, then it is probable that the Reminder group also had 

their memories updated, though the extra levels of intrusions would need to be explained. 

Given that the intrusions of both sets were correlated in the Reminder group but not the No 

Reminder group, it is likely that the Reminder group suffered from some level of source 

confusion. As errors for identification of one set increased, the errors for the other set also 

increased. The lack of correlation in the No Reminder group gives stronger evidence for 

memory updating as they likely were not confusing the source of each object set. 

While the pattern of intrusions is similar to what has been seen previously in young adults 

(Hupbach et al, 2009), the overall levels are higher in both groups. Further, the two groups of 

young adults did not differ in their levels of intrusions of set 1 into set 2, whereas the older 

adults did. The Reminder group seems to be making more errors in general as they produced 

more false alarms than the No Reminder group as well as higher levels of intrusions. This 

increase in overall errors supports an interpretation that at least some of the memory errors 

are due to source confusion. 

Participants were relatively confident in their responses for source in both groups. However, 

the results show a decreased level of confidence for set 1 items misattributed to set 2. This 

may provide some support for memory updating in both groups as one would expect high 

confidence for items wrongly attributed but successfully integrated into another memory. As 
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such, this pattern of confidence was found in the young adults who showed memory updating 

(Hupbach et al, 2009). 

There was no relationship between the frontal factor score and any of the measures. This 

could derail the idea that the Reminder group is showing some level of source confusion. 

However, there was not much variability across the participants, which is not ideal for 

determining relationships between two variables. It is possible that some of the intrusion errors 

are occurring at retrieval and not encoding, which is when source errors have been suggested 

to take place (Glisky et al, 2001). 

On the spatial awareness task, we found that the Reminder group showed better memory for 

room object locations than the No Reminder group. This is not surprising as the Reminder 

group was exposed to the room for one session more than the No Reminder group. Puzzlingly, 

we also demonstrated a relationship between the location score and intrusions of set 2 into 

set 1 for the No Reminder group but not the Reminder. Given that the No Reminder group did 

not receive the contextual reminder, the assumption that a better representation of the context 

would result in better reactivation and thus updating does not apply. It is most likely that these 

results are due to overall memory performance, as the No Reminder group performed better 

than the Reminder overall (more correct, fewer intrusions). This interpretation parallels a 

possible explanation given for the results when this task was implemented in young adults 

who recalled in a novel context (Wager, 2012). The Reminder may not show this effect due 

to the convoluted nature of the memory errors. 

While the sleep data acquired via actigraphy resulted in only marginally significant results, 

they may provide some important insight; that said, they will have to be taken with a grain of 

salt. Based on previous findings in young adults, we anticipated that better sleep would result 

in a more faithfully updated memory in the Reminder condition with less source error and a 

more accurate memory for each set in the No Reminder condition. In this experiment, the 
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results show that total sleep time following day 2 learning trended towards correlating with 

intrusions of set 2 into set 1 for the No Reminder group only. This may again give support to 

the idea that the No Reminder group showed memory updating, as sleep may be necessary 

for successfully integrating the new information from day 2 into the original memory from day 

1. Again, the complexity of the memory errors made by the Reminder group may be drowning 

out any benefits of sleep. 

Global total sleep time throughout the experiment was correlated with the location scores from 

the spatial awareness task in the Reminder group and was trending towards significance in 

the No Reminder group. This is reasonable given that the participants visited the room they 

were tested on in the spatial awareness task multiple times throughout the week, and more 

time asleep may have allowed for better consolidation of the context itself. 

The biggest question that arises from these results is, if the No Reminder group is in fact 

updating their memories, what is allowing for reactivation since they did not receive the 

contextual reminder? One possibility is the trivia questions. While unpublished data I collected 

showed little effect of additional tasks on the outcome of this paradigm in young adults, it is 

possible that the continuation of a single task is enough to spark reactivation. This will be 

addressed in the next experiment. As previously suggested by Jones and colleagues (2015), 

older adults may be encoding the context on a global scale. Our young adults in these studies 

are acclimated to being on campus and likely spend a large amount of time on it. Therefore, 

going to a room within a building on campus may be more specific for them. However, older 

adults typically do not frequent the campus, even those who have participated in several 

studies. Consequently, the mere act of driving to campus and parking in the same location 

each day of the experiment may be sufficient to reactivate the day 1 memory on day 2 as this 

is a rather salient event and may have a higher chance of binding with the memory. 
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If both groups are having their day 1 memories reactivated by coming to campus or the trivia 

questions, then why is there such a difference in the results between the Reminder and No 

Reminder groups? One possibility is that the intrusions seen in the Reminder group are simply 

a compound effect from memory updating and source error. Some of the objects intruded 

would be the result of being integrated into day 1 memory while the other intrusions would be 

from uncertainty in the source. The explanation for why more objects from set 2 are intruded 

into set 1 could be that the effects of updating are carrying over. An updated object could be 

associated with an object unbound to a specific source, and so the participant would assume 

the two belonged to the same day. There would have likely been more objects unbound to a 

source for the Reminder group due to learning both sets of objects in the same room, which 

could lead to confusion. The No Reminder group, on the other hand, might have been able to 

keep more objects separate due to learning them in different contexts. Interestingly, a number 

of participants claimed to be able to keep the objects separate by what procedure they were 

learned with (basket or dumping on table) in the follow-up questions. However, anecdotally, 

participants would say, “It was right there on the table,” and then declare it as a day 1 object. 

While there are no quantitative data to support this, it could be suggested that, for some, the 

updating process included the learning procedure with the object.  
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CHAPTER 3: Experiment 2 

3.1 Purpose & Rationale 

In hopes of illuminating some of the findings in the previous experiment, the protocol described 

in Hupbach et al (2009) and in Experiment 1 of this dissertation was carried out in young 

adults. Participants learned the sets of objects and then performed a recognition/source 

memory task on the corresponding days. As in the previous experiment, participants also 

performed the spatial awareness task. As it has already been examined by another member 

of our lab and due to the extra resource commitment required, young adults did not wear the 

wrist actigraphs in this experiment. 

In Experiment 1, trivia questions were added to day 1 and day 2 procedures to act as a 

distractor task in hopes of preventing unwanted retrieval of the experiment outside of the study 

sessions. In this experiment, we wanted to ensure that the addition of this task did not interfere 

with the expected pattern of results previously found in young adults (Hupbach et al, 2009). 

Previous unpublished work I performed used different neuropsychological tests each day as 

distractors in a young population, and the standard pattern was found. Therefore, no effect of 

the trivia questions was expected. 

A second goal of this experiment was to determine what level of performance should be 

expected on the spatial awareness task in young adults. When this task was first applied to 

young adults, participants freely recalled day 1 objects in a novel context. Also, only a 

Reminder scenario was implemented. Therefore, the participants were in the room they were 

tested on (from day 1) twice, but they did not see it before the test. In the previous experiment 

in older adults, the Reminder group enters the tested room 3 times before the task, and the 

No Reminder group sees it twice (on day 1 and day 3) (Wager, 2012). These differences in 

exposure to the tested context could affect the overall performance on the task, so a 
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comparison between the first experiment in young adults and Experiment 1 of this dissertation 

is somewhat unrealistic. 

3.1.1 Predictions 

As previously stated, we did not expect the trivia questions to have any effect on the expected 

outcome. We anticipated a pattern of results similar to those found in Hupbach et al (2009). 

The Reminder group would have more intrusions of set 2 into set 1 than the No Reminder, 

and both groups would show low levels of intrusions of set 1 into set 2, indicative of a 

unidirectional effect and memory updating. 

As stated previously, one might expect that a better memory for the spatial context could lead 

to a more successful reactivation and subsequent updating, meaning the spatial awareness 

score should positively correlate with intrusions of set 2 into set 1. This is the opposite finding 

of the experiment where young adults recalled in a novel context (Wager, 2012). Therefore, it 

is unclear what type of results to expect from young adults when recalling in day 1 context. 

However, the results from the older adults might suggest that this task acts as a measure of 

overall memory ability, which would suggest that the relationship between spatial awareness 

and intrusions of set 2 into set 1 should look similar to what was previously found in young 

adults. 

3.2 Methods 

3.2.1 Participants 

We recruited a total of 42 undergraduate students (ages 18-25) from the University of Arizona. 

Participants were given credits for each day of participation as part of their requirements for 

class. 21 participants were excluded due to incompletion of the experiment or a language 

barrier that could affect the way in which the objects were encoded. Table 7 shows the 

breakdown of age, education, and gender of each group for those included in the study. The 
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two groups did not significantly differ in age (t(19)= -0.522, p =0.608) or education 

(t(19)=0.572, p=0.574). 

Table 7: Mean participant age, education, and gender in Exp 2. (SEM in parentheses) 

Group N Age Education Gender 

Reminder 11 18.82 (0.352) 12.36 (0.244) F=6 

No Reminder 10 19.20 (0.663) 12.20 (0.133) F=8 

 

3.2.2 Materials 

Stimuli 

Participants learned a set of 20 objects on day 1 and day 2. The two object sets used included 

the previous 15 objects used in Experiment 1 with an additional 5 for each set. The complete 

sets are listed in Table 8. Set A and Set B were counterbalanced across days so that a similar 

number of participants experienced each list first.  As before, the New Set (20 objects: Exp 1 

New Set + 5 objects) was used in the recognition/source task as distractor items. 

Table 8: Sets of objects used throughout Experiment 2 

Set A Set B New Set 

Apple Balloon Banana 

Band-aid Bow Bracelet 

Battery Calculator CD 

Book Car Chopsticks 

Cassette Tape Crayon Clothespin 

Cellular Phone Cup Coin 

Comb Dice Cotton Ball 

Dollar Bill Feather Credit Card 

Elephant Flashlight Eraser 

Envelope Flower Leaf 

Paper Clip Glue Light Bulb 

Pot/Pan Key Lipstick 

Puzzle Piece Sock Magnifying Glass 

Rock Sponge Paintbrush 

Straw Spoon Scissors 

Thread Sunglasses Stamp 

Tissues Teabag Stapler 

Wallet Tennis Ball Teddy Bear 

Shovel Toothbrush Washcloth 

Zipper Whistle Wrapping Paper 
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Spatial Awareness Room and Objects 

As in Experiment 1, two distinct rooms were used (rooms 139 and 429 of the Psychology 

building at the University of Arizona) as day 1 and day 2 contexts; the rooms used in 

Experiment 1 were unfortunately not available for use to allow for direct comparison; however, 

a number of the same objects were used when possible. A total of 13 objects from each room 

were selected, and pictures of these objects were taken, along with pictures of similar 

distractor items, for use during the Spatial Awareness Task. Again, a bird’s-eye-view map was 

made on poster board for each room to place the object pictures on. Room maps that were 

used for scoring showing correct locations of each object can be found in the Appendix. 

3.2.3 Procedure 

Experiment 2 was carried out in the same way as Experiment 1, with a few minor changes. A 

brief outline of the procedure is given below with differences indicated. 

Day 1 – In context A with experimenter 1: Participants did not wear the Actiwatch; therefore, 

a pre-session was not necessary. The participants were first consented. Then, they were 

asked to fill out a sleep diary for the remainder of the experiment as the daily reminder of the 

experiment could have affected the memories in Experiment 1, and we wanted to stay 

consistent. Participants then learned set 1 objects using the sorting procedure as before. 

Participants learned an additional 5 objects (20 objects total) each day, as in the original 

experiments with young adults (Hupbach et al, 2009). Criterion was set at 17 objects or 4 

learning trials.  

Trivia question sets contained 3 more questions per set to compensate for the typical 

shortened time for the young adults to learn the objects compared to the older adults. 

Questions were asked until approximately the 30 minute mark on day 1. 
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Day 2 – In context A (Reminder) or context B (No Reminder) with experimenter 2:  Participants 

completed the trivia questions task. They then learned set 2, containing 20 objects. Again, 

criterion was set at 17 objects or 4 learning trials.  

Day 3 – In context A with experimenter 1: Participants completed the recognition/source task, 

with all objects from day 1 and day 2, as well as 20 new objects, for a total of 60 objects. 

In context C (completely novel room due to the lack of pre-session) with experimenter 1: 

Participants completed the spatial awareness task; they were given an additional 3 pairs of 

objects from which to pick as the one in the room from day 1, for a total of 13 objects. They 

then placed all 13 objects they selected on the bird’s eye view map, and these answers were 

transferred to the answer sheet by the experimenter.  

Participants answered the follow-up questions and were debriefed; they were not given the 

MMSE. 

3.3 Results 

3.3.1 Day 1 and Day 2 Learning Trials 

The number of learning trials it took the participants to reach a criterion of 17 objects or 4 

learning on day 1 and day 2 was analyzed. Those who did not reach 17 objects on the 4th trial 

were given a score of 5. The mean number of trials to criterion is displayed in Table 9. We 

analyzed the trial numbers with a 2 (day) X 2 (group) mixed ANOVA. There was not a main 

effect of day (F(1,19)=1.896, MSE = 0.884 p=0.185, n2=0.091) or group (F(1,19)=1.215, 

MSE=2.398, p=0.284, n2=0.060), and there was no interaction (F(1,19)=1.896, MSE=0.884, 

p=0.185, n2=0.091). 

Table 9: Mean number of learning trials to criterion in Exp 2 (SEM in parentheses) 

Group Day 1 Trials Day 2 Trials 

Reminder 3.80 (0.40) 2.67 (0.40) 

No Reminder 3.29 (0.30) 2.50 (0.29) 
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3.3.2 Recognition/Source Task 

The results of the recognition portion of the memory task (identifying each object as old or 

new) are shown in Table 10. Hits were combined across day 1 and day 2 objects; there was 

not a significant difference between the groups (t(19)= -0.229, p=0.822). False alarms were 

broken down into which set they were identified as belonging to in the source portion. These 

were analyzed with a 2 (set) X 2 (condition) mixed ANOVA. There was a main effect of 

condition (F(1,19)=6.493, MSE=0.001, p=0.020, n2=0.255). Levene’s test was significant for 

set 1 and set 2 identified false alarms; however, Harley’s Fmax test was nonsignificant. 

Overall, the Reminder group had more false alarms than the No Reminder group. There was 

no main effect of set (F(1,19)=1.264, MSE=0.001, p=0.275, n2=0.062), and there was no 

interaction (F(1,19)=2.653, MSE=0.001, p=0.120, n2=0.123). 

Table 10: Mean percentage of hits and false alarms in Exp 2 (SEM in parentheses) 

Group Hits 
False Alarms 

Identified as Set 1 
False Alarms 

Identified as Set 2 

Reminder 95.91 (1.27) 4.55 (1.71) 1.82 (1.02) 

No Reminder 96.25 (1.19) 0.00 (0.00) 0.50 (0.50) 

 

The results of the source portion of the memory task are shown in Figure 9. The mean number 

of objects for which the source was correctly and incorrectly identified was analyzed in two 

separate 2 X 2 mixed ANOVAs with group (reminder vs no reminder) and set (1 or 2) as the 

independent variables. For correctly identified source, there was a main effect of group 

(F(1,19) = 6.864 MSE=0.043, p=0.017, n2=0.265) and set (F(1,19)=28.150, MSE=0.031, 

p<0.001, n2=0.597). Levene’s test was significant for set 1 & set 2; however, Harley’s Fmax 

test was nonsignificant. There was no interaction (F(1,19) =0.787, MSE=0.031, p=0.386, 

n2=0.040). The No Reminder group correctly identified the source of the objects more often 

than the Reminder; further, memory for set 1 was better than set 2. In the second analysis for 

incorrect source, there was also a main effect of group (F(1,19)=9.839, MSE=0.029, p=0.005, 
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n2=0.341) and set (F(1,19)=24.336, MSE=0.031 p<0.001, n2=0.562). Levene’s test was 

significant for set 1; however, Harley’s Fmax test was nonsignificant. There was no interaction 

(F(1,19)=1.886, MSE=0.031, p=0.186, n2=0.090). The Reminder group showed more 

intrusions of both sets than the No Reminder group, and both groups showed more intrusions 

of set 2 objects than set 1. 

We also examined the relationship between the intrusions for each set. No relationship was 

found between intrusions of set 2 into set 1 and intrusions of set 1 into set 2 for either the 

Reminder (r= -0.190, p=0.576) or No Reminder (r=0.188, p=0.603) groups. 

The confidence ratings for each object identified as “old” were compared across the different 

source identification groups (see Figure 10). Due to the number of missing values in the No 

Reminder group due to empty categories, only the confidences ratings of the Reminder group 

were analyzed. A single participant was excluded from the analysis because data were not 

available for every category. A 2 (source, set 1 or set 2) X 2 (set identification) repeated-

measures ANOVA was performed. There was no significant main effect of source 

(F(1,9)=4.282, MSE=0.315, p=0.068, n2=0.322). However, there was a main effect of set 

identification (F(1,9)=8.872, MSE=0.499, p=0.015, n2=0.496), and the interaction between 

source and set identification was significant (F(1,9)=17.934, MSE=0.097, p=0.002, n2=0.666). 

Participants in the Reminder condition were less confidence for set 1 objects that were 

incorrectly identified as set 2. 
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Figure 9: Mean percentage of correct and incorrect source identification in Exp 2. Error bars depict 

SEM. 

 

 

 

Figure 10: Mean confidence ratings for objects identified as “old” separated by source identification in 

Exp 2. Error bars depict SEM. 
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3.3.3 Spatial Awareness Task 

Scoring 

As previously described in Experiment 1, the number of objects correctly identified as in the 

room from day 1 from each pair was scored out of 10. Again, a scoring schema was created 

for each object to capture the most accurate depiction of the participant’s ability. Each object 

could score up to 2 points each, allowing for a total score of 26 points. The specific location 

and scoring criteria for each object can be found in the Appendix. 

Analyses 

The mean percentage of correct object and location in the spatial awareness task for each 

group is shown in Figure 11. The mean percentage of objects correctly identified as in the 

day 1 room from each pair shown did not differ between the two groups (t(11.164)=0.887, 

p=0.394 (Levene’s test: F=5.793, p=0.027)). However, the reminder group showed better 

performance for correctly identifying the location of each object based on the scoring schema 

described above (t(18) = 3.368, p =0.003). 

We also analyzed the relationship between the intrusions of each set and the correct location 

score. No relationship was found between intrusions of set 2 into set 1 and the location score 

for either the Reminder (r= -0.537, p =0.110) or No Reminder (r=0.580, p =0.079) conditions. 

Also, no relationship was found between intrusions of set 1 into set 2 and the location score 

for either the Reminder (r= -0.133, p=0.714) or No Reminder (r= -0.172, p =0.634) conditions. 
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Figure 11: Mean percentage scores of correct object and location from the spatial awareness task in 
Exp 2. Error bars depict SEM. 

3.4 Discussion 

The overall goals of this experiment were to determine the effect, if any, of the added trivia 

task on the expected reconsolidation-mediated updating effect and to establish the role of 

spatial awareness on this effect given the importance of the contextual reminder. Overall, 

performance for set 1 was better (more correct, less intrusions) than set 2, and the No 

Reminder group performed better than the Reminder group. We found that the Reminder 

group had higher levels of intrusions of set 2 into set 1 than the No Reminder group, as 

expected. However, the levels for both groups were approximately double the levels of 

intrusions found in the study upon which this experiment is based (Hupbach et al, 2009). On 

the other hand, both the Reminder and No Reminder group showed low levels of intrusions 

of set 1 into set 2. The intrusions of each set were not correlated in either group, likely 

eliminating any interpretation of source error. Additionally, the Reminder group participants 

were least confident when incorrectly identifying set 1 objects as set 2. 
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These results can interpreted in two ways. The first is that the pattern of intrusions observed 

is indicative of memory updating in the Reminder group but not the No Reminder group. The 

higher levels of intrusions of set 2 into set 1 would ultimately be the result of some minor 

differences in the procedure used here compared to the procedure used in Hupbach et al 

(2009). The second explanation is that both groups show memory updating, with more set 2 

objects intruding into the original memory in the Reminder group. This would require that 

memory reactivation occurs in both groups in a way that results in a much stronger reactivation 

in the Reminder group when combined with the contextual reminder. 

It could be that the trivia question task acted as a sufficient reminder to allow for reactivation 

and subsequent updating. This would suggest that a continued task is a stronger reminder 

than a repeated experimenter or a procedural question prior to learning, as both have been 

shown to be insufficient to induce reconsolidation (Hupbach et al, 2008). This is a not an 

unreasonable assumption to make for two reasons. First, the start of the task on day 2 

mentions the continuation from day 1. Second, the task requires engagement with reasonably 

difficult questions for approximately 10 minutes that could share feelings of frustration across 

the sessions, which may induce a mental state sufficient to reactivate day 1’s memory when 

combined with the task. 

In the spatial awareness task, the Reminder group showed better location scores than the No 

Reminder group. As before, this is reasonable due to the extra visit to the room being tested 

by the Reminder group. Unfortunately, no relationships were found between the location score 

and intrusions of each set for either group. However, the subject number was moderately 

small to be able to detect a true correlation, so it is difficult to make much of the lack of findings.  
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CHAPTER 4: Experiment 3 

4.1 Purpose & Rationale 

One key feature that points to reconsolidation in both the animal and human literature is its 

time-dependent nature. This has been shown in this paradigm with young adults. As usual, 

participants learned a set of objects on day 1. On day 2, following a reminder or no reminder, 

participants learned a second set. Instead of being tested two days later on day 3, participants 

were immediately tested for their memory of set 1 objects. Both Reminder and No Reminder 

groups showed low intrusions of set 2 into set 1, suggesting that the intrusions seen when 

tested on day 3 are due to a time-dependent process and not other types of interference 

(Hupbach et al, 2007).  

The current experiment will be carried out in the same way, with modifications made for older 

adults, with the goal of understanding the timeline of errors made by older adults. While it was 

considered to give participants the recognition/source task as opposed to free recall as the 

memory measure, it was thought that the recognition/source task might be too easy given the 

recency with which set 2 objects were learned, which may hide any genuine effects of aging 

on this immediate test. Additionally, no supplemental tasks or measures were given so that a 

direct comparison could be made between the current experiment and the one just described 

from Hupbach et al (2007). 

4.1.1 Predictions 

We expected that the older adults would show similar results to those found in the young, 

where both groups had low intrusions of set 2 objects when recalling set 1. Due to the large 

separation in time between learning the two sets and the recency with which the participants 

learned set 2, it was probable that participants would be able to reject set 2 objects as they 

came to mind and move on to another object. Therefore, the main limitation in older adults’ 
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ability to recall set 1 objects would be the strength of that memory. It was possible that older 

adults could demonstrate fewer correctly recalled objects due to a consolidation impairment; 

however, given the similar level of recall compared to young seen in Jones et al (2015) when 

asked to freely recall, it is unlikely to be problematic. 

4.2 Methods 

4.2.1 Participants 

We recruited a total of 31 community-dwelling older adults aged 65 or older from an existing 

database in the Aging and Cognition Lab or through flyers. Participants answered health 

screening questions prior to scheduling. We excluded for any previous neurological problems 

or any medications that could affect cognition, such as anti-depressants or sleep aids. 

Participants were not compensated for their time. Two participants were excluded from the 

study for not completing all days of the study or methodological errors. Table 11 shows the 

breakdown of age, education, and gender between the two groups included in the study. The 

groups did not differ significantly in age (t(27)= -0.652, p=0.520) or education (t(27)=1.270, 

p=0.215). 

Table 11: Mean participant age, education, and gender in Exp 3 (SEM in parentheses) 

Group N Age Education Gender 

Reminder 15 77.07 (1.675) 17.33 (0.549) F=10 

No Reminder 14 78.64 (1.743) 16.21 (0.697) F=7 

 

4.2.2 Materials 

Stimuli 

The object sets A and B used in Experiment 1, listed in Table 2, were used for this experiment. 
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4.2.3 Procedure 

The procedure was carried out in the same way as Experiment 2 in Hupbach et al (2007) with 

adjustments for older adults. 

Day 1: Participants were brought to context A and interacted with experimenter 1. After 

providing informed consent, participants performed the Sorting Procedure, as described in 

Experiment 1 of this dissertation, to learn set 1. Participants were shown 15 objects, selected 

from the blue bucket, one by one, which were then placed in the basket after being named by 

the participant. The experimenter engaged the participant in brief conversation. The 

participants were then asked to recall as many objects as possible. This was repeated until 

criterion was reached (13 recalled objects or 5 learning trials). 

Day 2 Part 1: As in previous experiments, participants were semi-randomly assigned to either 

the Reminder or No Reminder condition.  

 Those in the Reminder condition experienced a “full-reminder.” During this session, the 

participant returned to context A and continued to interact with experimenter 1. Further, 

the participants were asked a procedural basket question prior to learning. The 

participants were shown the basket from day 1 and asked if they remembered what was 

done with it. They were expected to explain the procedure; if any objects were mentioned, 

they were stopped. 

 Those in the No Reminder condition were brought to a novel room (context B) with a 

different experimenter from day 1 (experimenter 2). They were not asked the basket 

question. 

Participants then performed the Dumping Procedure, as described in experiment 1, to learn 

set 2. Fifteen objects were dumped on the table all at once. After being named by the 

participant and 30 seconds of studying, the participant was engaged in brief conversation. 
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They then were asked to recall as many objects as possible. This was repeated until criterion 

was reach (13 objects recalled for 5 learning trails). 

Day 2 Part 2: The No Reminder participants were brought to context A, where they would 

interact with experimenter 1. Experimenter 2 engaged in casual conversation with the 

participant during the walk between the two rooms. The Reminder participants remained in 

context A with experimenter 1. The experimenter engaged the participant in 3-5 minutes of 

conversation to compensate for the time lag that occurs in the No Reminder condition. The 

conversation could be a continuation from a previously discussed topic or a new topic, but it 

could not be the conversation topic designated for the next task or from day 1. 

Free Recall – The participants were asked to freely recall as many objects as they could 

from day 1. They were not given a time limit, and the trial was only ended when the 

participant was comfortable moving on. After a brief conversation with a distinct 

conversation topic from day 1 or day 2 (i.e. weekend plan or other activities), the participants 

were again asked to recall as many object as possible from day 1. This was repeated for a 

total of 4 recall trials, regardless of the number of objects recalled. 

Follow-Up Questions, MMSE, & Debriefing – Participants were asked the follow up 

questions. They were also given the MMSE if they had not received it within two years. 

Finally, the purpose of the experiment was described to the participant. 

4.3 Results 

4.3.1 Day 1 and Day 2 Learning Trials 

The number of learning trials it took the participants to reach a criterion of 13 objects or 5 

learning trials on day 1 and day 2 was analyzed. Those who did not reach 13 objects on the 

5th trial were given a score of 6. The mean number of trials to criterion is displayed in Table 

12. Using a 2 (group) X 2 (day) mixed ANOVA, only a main effect of day was found 
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(F(1,27)=8.952, MSE=1.011, p=0.006, n2=0.249), where participants took fewer trials on day 

2 than day 1 to reach criterion. There was no main effect of group (F(1,27)=0.026, 

MSE=3.710, p=0.874, n2=0.001) nor an interaction (F(1,27)=0.083, MSE=1.011, p=0.775, 

n2=0.003) 

Table 12: Mean number of learning trials to criterion in Exp 3 (SEM in parentheses) 

Group Day 1 Trials Day 2 Trials 

Reminder 3.80 (0.40) 2.67 (0.40) 

No Reminder 3.29 (0.30) 2.50 (0.29) 

 

4.3.2 Free Recall 

The objects correctly (set 1 objects) or incorrectly (intrusions of set 2 into set 1) recalled were 

averaged across all 4 recall trials for each participant. The mean objects recalled is depicted 

in Figure 12. The two groups did not significantly differ in the number of objects correctly 

recalled (t(27)= -0.044 p = 0.965). However, the No Reminder group had more intrusions than 

the Reminder group (t(14.197)= -2.503, p=0.025).  

 

Figure 12: Mean percent of objects correctly and incorrectly (intrusion) recalled in Exp 3. Error bars 
depicts SEM. 
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4.4 Discussion 

In this experiment, we pursued the timeline of errors made by older adults in this 

reconsolidation paradigm. Previous work in animal models and humans has demonstrated 

the time-dependent nature of reconsolidation such that any alterations to a memory must be 

made within a window of time following reactivation and these alterations are not apparent 

immediately. Such is the case in this paradigm in young adults, where the intrusions indicative 

of memory updating are not seen directly after reactivation and learning of a second set of 

objects. Instead, both Reminder and No Reminder groups show very low levels of intrusions 

of set 2 when asked to recall set 1 immediately after learning (Hupbach et al, 2007). When 

implementing the procedure that produced this finding in older adults, we found, unexpectedly, 

that the No Reminder group had more intrusions of set 2 into set 1 than the Reminder group. 

This reversed pattern, where the No Reminder group shows more intrusions than the 

Reminder, has been seen once before in older adults (see Figure 1); however, older adults 

were asked to recall set 1 two days after learning set 2 (Jones et al, 2015). The main similarity 

between these two experiments is that the older adults were asked to perform a free recall 

task. It has been found that older adults are impaired in free recall, while relatively spared in 

recognition (Craik & McDowd, 1987;Whiting & Smith, 1997). This may suggest that the 

intrusions reported in Jones et al (2015) are the effect of immediate interference that could be 

the result of the memory method used, at least in the No Reminder condition. Recall of set 2 

would need to be done immediately and on day 3 to determine if this was the case. However, 

the results of Experiment 1 of this dissertation would need to be considered since a different 

memory test is used; this will be considered in the General Discussion. 

One detail of interest is that 3 participants in the Reminder group did not recall a single object; 

consequently, their intrusions were 0 as well. However, it should be noted that excluding these 

participants does not change the pattern of intrusions found. It is likely that learning the second 
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set of objects in the same room prevented the retrieval of set 1 items. One could also 

speculate that the recency with which they learned set 2 also made them more confident that 

those objects were not in set 1 and prevented those objects from being intruded. 

A question that comes to mind is why the Reminder group would be able to separate the 

recently learned objects from the previous session’s objects more accurately than the No 

Reminder group. One might anticipate that the No Reminder group would have the advantage 

as they learned the two sets in different rooms, preventing some level of interference. One 

possible explanation is that the context in which they were tested, which was also the same 

room the Reminder group learned both sets, was a better cue for set 2 objects for the 

Reminder group, which would allow for more accurate rejection of those objects. In the No 

Reminder group, the familiarity of the object when it came to mind, without specific binding to 

either context, may have lead the participants to include it as part of set 1. Including 

confidence ratings might have been able to address this to some degree.  

On the other hand, the suspected advantage for the No Reminder group could have been 

eliminated due to a more global encoding of context given their close proximity in time. While 

young adults are trained to encode to specific contexts, as they learn different subject material 

in different rooms across campus, older adults may be more prone to encode the separate 

contexts as roughly the same (i.e. rooms in the Psychology building). However, it cannot 

explain why, if both groups of older adults encode the room more globally, the Reminder group 

shows so few intrusions at immediate test. If the No Reminder group considers the context 

the same, they should look identical to the Reminder group. Additionally, this does not account 

for the similar pattern of findings, where the No Reminder group showed more intrusions than 

the Reminder group, when tested on day 3 (Jones et al, 2015).  
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CHAPTER 5: General Discussion 

While numerous studies describe memory reconsolidation and age-related memory deficits 

independently, the two have rarely been studied together. The purpose of this dissertation 

was to begin to understand how healthy aging affects memory reconsolidation. This is 

important to help establish what kinds of conditions cause memory errors that can often be 

frustrating for the aging population. Additionally, more and more information is swirling around 

us, and the ability to update knowledge with the most accurate and relevant information will 

allow older adults to stay embedded in the world in which they live. In three experiments, an 

established set-learning reconsolidation paradigm was used as a means to determine the 

nature of memory errors previously seen in older adults. 

In the first experiment, using a contextual reminder and a recognition/source memory task, 

we found that both Reminder and No Reminder groups are likely showing evidence for 

memory updating despite the No Reminder group not receiving a specific means of 

reactivation. Reactivation, therefore, was attributed to either the trivia questions, which carried 

over from day 1 to day 2, or the act of coming to campus, being a salient and somewhat novel 

event. On top of the errors made by the Reminder group due to reconsolidation processes, 

this group also demonstrated source confusion, as supported by the correlation between 

intrusions of both sets. These source errors were attributed to learning both sets of objects in 

the same room and/or associations between objects not bound to a specific source and 

objects successfully integrated in to day 1 memory (at least for intrusions of set 2 into set 1). 

Further, we found that the spatial awareness task we used is likely a measure of memory 

ability, and explicit spatial awareness may not have any impact on the probability of successful 

retrieval which would lead to memory updating via reconsolidation. While marginal, the sleep 
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data suggest a role of total sleep time following day 2 learning in effective reconsolidation, as 

seen in the No Reminder group. 

In the second experiment, we found an expected pattern of intrusions in the young adults 

when implementing the same protocol as Experiment 1. The Reminder group showed more 

intrusions of set 2 into set 1 than the No Reminder group, and intrusions of set 1 into set 2 

were low for both groups. However, intrusions of set 2 into set 1 were nearly double the levels 

found previously (Hupbach et al, 2009). This finding suggests that either the slight differences 

in protocol from the original experiment caused the increases, or both groups are showing 

evidence of memory updating, likely due to the trivia questions. No conclusions were able to 

be made from the spatial awareness task. 

Additional analyses were conducted to compare the source memory results in Experiment 1 

and 2 across the two age groups. The mean number of objects for which the source was 

correctly and incorrectly identified were analyzed in two separate 2 (group) X (set) 2 X 2 (age 

group) mixed ANOVAs. For the correctly identified objects, there was a main effect of group 

(F(1,46)=11.539, MSE=0.053, p=.001, n2=0.201) and set (F(1,46)=52.556, MSE=0.026, 

p<0.001, n2=0.533). This was also previously found in the separate analyses for each 

experiment, where the No Reminder group correctly identified more objects than the Reminder 

group; additionally, memory was better for the source set 1 objects than set 2 objects in both 

groups. However, there was no main effect of age group (F(1,46)=0.227, MSE=0.053, 

p=0.636, n2=0.005) nor were there any interactions. For the objects whose source was 

incorrectly identified, there was also a main effect of group (F(1,46)=12.709, MSE=0.041, 

p=.001, n2=0.216) and set (F(1,46)=50.531, MSE=0.026, p<0.001, n2=0.533). Again, the 

Reminder group showed more intrusions of both sets than the No Reminder group, and both 

groups showed more intrusions of set 2 objects than set 1. Additionally, there was an 

interaction between group and set (F(1,46)=4.835, MSE=0.026, p=0.033, n2=0.095), driven 
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by the substantial number of intrusions of set 2 into set 1 made by the Reminder group in 

across ages. There was no main effect of age group (F=0.512, MSE=0.041, p=0.478, 

n2=0.011). 

Given that the older and young adults showed similar levels of intrusions of set 2 into set 1 

but differed in intrusions of set 1, it is reasonable to conclude that the trivia questions are to 

blame for reactivating day 1 memory of both conditions in both the young and older adults. If 

this is the case, young adults’ memories in the Reminder conditions are seemingly reactivated 

more strongly by the combination of the contextual reminder and the trivia questions. This 

could imply that the high level of intrusions of set 2 seen in the older Reminder group is not 

due to source error. However, given that this group showed a substantial number of intrusions 

of set 1 into set 2, it is still conceivable that source confusion played some role in the memory 

errors. That said, it appears that reconsolidation processes are still fairly intact in older adults, 

though what causes reactivation may be altered and the memory may not be as 

uncontaminated compared to young adults. 

It is not immediately clear why the trivia questions might act as a reminder that could induce 

reactivation of set 1, requiring subsequent reconsolidation. Previous exploration of the 

different aspects of the reminder structure originally used demonstrated that the experimenter 

or a procedural question (used in Experiment 3) were insufficient to allow for reactivation-

mediated updating by themselves or in combination (Hupbach et al, 2008). This suggests that 

the trivia questions act in a way different from the experimenter or procedural question. This 

is possibly due to the structure or timing of the task. As mentioned previously, the task includes 

direct referral to the previous session when restarting the task on day 2. Further, the task 

requires engagement that may replicate brain states (i.e. frustration) from the previous day. 

This task is also performed prior day set 2 learning. It is unclear whether implementing the 
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trivia questions task after learning on day 2 would eliminate the updating effect in the No 

Reminder group as post-learning reactivation has not been explored in this paradigm. 

Other studies with this paradigm have shown the ability to initiate reactivation outside of the 

contextual reminder by using the same learning procedure on both days (unpublished) and 

set 1 associated sounds prior to learning set 2 (Simon et al, 2017) as reminders. It is probable 

that the trivia questions reactivate the day 1 memory in a similar way to these reminders. A 

recent computational study of this paradigm suggests that new learning that naturally occurs 

throughout the day may be encoded within similar neural patterns as the objects sets learned 

in this paradigm (Lines et al, 2017). While unrelated to the objects, it is possible that the trivia 

questions and set 1 objects overlap in their neural representations, especially since they occur 

within the same context and time-frame. If this is the case, the continuation of the trivia task 

on day 2 could activate the representation of the trivia questions from the previous day as well 

as the set 1 objects if the overlap is great enough. 

However, if the trivia questions are not at fault, this would suggest that neither young nor older 

No Reminder group was being reactivated and updated; the young adult results then would 

stand as the baseline for what is expected using this specific procedure. However, there is 

decent evidence that the older adults are showing memory updating based on the confidence 

ratings and sleep data following day 2 learning. It seems unlikely that the responses where 

set 2 objects were misattributed to set 1 would be ranked as confident if they had not been 

integrated into day 1 memory. Further, it would be implausible that increased sleep time after 

day 2 learning would lead to more errors if reconsolidation was not involved. However, without 

significance from the sleep data and a control in which secondary tasks were included in day 

1 and day 2 but were not the same, it is difficult to conclusively establish whether these groups 

experienced some form of reactivation or not. 
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In the third experiment, older adults were asked to freely recall set 1 objects immediately after 

learning set 2. We found another reversal of the typical pattern, where the No Reminder group 

showed higher levels of intrusions of set 2 objects into set 1; the Reminder group showed very 

low levels of intrusions. This is a similar pattern to what was found by Jones et al (2015) when 

set 1 was recalled on day 3; however, the Reminder group in that study showed high levels 

of intrusions at that time point. This might suggest that, at least for the No Reminder group, 

interference was immediately problematic. In contrast, the Reminder group demonstrated a 

pattern of low intrusions at immediate test and high intrusions in the long term, which is what 

one would expect to demonstrate reconsolidation. However, an interpretation of 

reconsolidation is reasonable only when the No Reminder group shows low intrusions at both 

time points. 

 When the results of Experiment 1 are considered, it seems that the method of memory testing 

may play a large role in the errors that are made. This may imply a greater function of retrieval 

conditions in the paradigm for older adults. Due to a failure to bind bits of information together, 

it is possible that the proper cues are not available at test to allow for sufficient recollection 

required in free recall. The participants must mainly generate their own cues, except for the 

context itself, such as associations to objects already recalled. The recognition/source 

memory task, on the other hand, has many opportunities to cue through a complete list of the 

objects learned to the forced recollection of the source. It seems that further testing would 

need to be performed to fully understand the nature of the errors made by older adults in this 

paradigm when they are asked to freely recall. 

5.1 Limitations 

One major limitation of these experiments is the pool of participants that was involved. The 

older adults that are willing to participate, especially without compensation, are eager, typically 

involved in the community, and generally high functioning. Therefore, it is difficult to generalize 
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findings to the entire population of healthy agers. Also, our pool excludes for certain medical 

conditions that may or may not affect a particular volunteer cognitively. As stated previously, 

there is a considerable amount of variability with aging, and it would be impossible to be 

inclusive enough to account for the wide range. Further, the older adults often participate due 

to a curiosity about their own mental abilities, making them predisposed to think carefully 

about the experiment and test their abilities outside of testing sessions. In the case of this 

paradigm, this could lead to unwanted reactivation at time points that cannot be controlled for. 

The young adults, on the other hand, are obligatorily participating for credit and have little 

investment in the outcome of the experiment. Therefore, they are less like to scrutinize the 

procedure or think about it outside the sessions; though, it does happen on occasion. It is 

possible that these differences in intention may have some overall effect on the results when 

comparing the two age groups. 

As demonstrated by the memory updating versus source confusion debate, another major 

limitation of this paradigm is the complexity of the results. For every object misattributed to 

another set of objects or improperly recalled, any number of reasons could be adduced. 

Memory errors can originate in two places, encoding or retrieval. The lack of a proper cue or 

interference from other objects alone could result in failure to retrieve sufficient information to 

make an accurate judgment of whether the object in mind is from a specified list. On the other 

hand, errors from reactivation-dependent updating and source confusion are thought to occur 

at encoding. In the young adults, deciphering the type of error made is considerably easier 

because they do not have a number of memory deficits. However, in the older population, the 

memory deficits, combined with large individual variability, make definitive conclusions about 

the nature of errors difficult to declare. It seems that the paradigm would have to be carefully 

altered to pull the different errors apart in older adults. That being said, these experiments are 

a good starting point in comparison to what has already been shown in young adults. 
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5.2 Future Directions 

There are a number of directions that could be taken for future experiments. The most 

important feature to establish is a role of the trivia questions used in Experiment 1 and 2. It is 

important to determine if this task is responsible for the intrusions in the No Reminder groups 

as this will determine if the levels set by the young adults should be considered baseline. It 

would also be prudent to include a control condition in which additional and separate tasks 

are added to the day 1 and day 2 procedure; this would allow for the determination of whether 

a carried-over task is sufficient to invoke reactivation while still keeping the demands of each 

day similar. 

It would also be of interest to repeat Experiment 3 with a recognition/source memory task as 

opposed to free recall. Based on results of the Jones et al (2015) and Experiment 3, it seems 

that the memory task utilized has drastically different results in older adults. Using the 

recognition/source memory task would allow for some clarity about the errors made in 

Experiment 1. Further, it might give a more accurate depiction of the timeline of errors in this 

age group. Additionally, it might also be useful to have older adults recall set 2 both 

immediately and on day 3. This might shed some light on the errors made in the Jones study 

as well as determine if the interference found in the No Reminder condition in Experiment 3 

affects intrusions of set 1 into set 2 as well. 

Finally, the role of sleep should be further considered in reconsolidation in older adults. Given 

that the results were not quite significant, an increased sample size may give a more accurate 

understanding of the relationship between sleep and intrusions. Additionally, better 

instructions for the actigraph and more precise questions for the sleep diary would allow for a 

more accurate estimate of certain variables. Further, other variables that have been linked 

with cognitive changes that were not able to be examined in the study, such as sleep time 

latency, wake time after the onset of sleep, and sleep-wake patterns, could be revealing. For 
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more advanced studies, the inclusion of EEG would allow for a more exact estimate of sleep, 

including time spent in each sleep cycle. 
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Appendix 

Sleep Diary Questions 

TODAY’S DATE: 6/4/07  

DAY OF THE WEEK: Tuesday  

1. Yesterday, I napped from ____ __ to ____ __.  
(Note the times of all naps) 

1:50pm-
2:30pm 

 

2. Last night, I went to bed at ____ __and turned the lights off at 
____ __. 

10:00pm 
10:15pm 

 

3. After turning the lights off, I feel asleep in ___ minutes. 40min  

4. My sleep was interrupted ___ times during the night. (Specify 
the number of nighttime awakenings.) 

3 
 

5. My sleep was interrupted for ___ minutes during each 
awakening. (Specify duration of each awakening.) 

15min 
5min 
45min 

 

6. This morning, I woke up at ____ __ o’clock. 
(Note the time of last awakening.) 

6:15am 
 

7. This morning, I got out of bed at ___ __ o’clock. (Specific 
time) 

6:30am 
 

8. Overall, my sleep last night was _______. Choose one: 
1=very restless 
2=restless 
3=average quality 
4=sound 
5=very sound 

3 

 

9. Overall, my sleep last night was _______. Choose one: 
1=worse than usual 
2=same as usual 
3=better than usual 

3 

 

Comments: 
 

 
 

 

Follow- Up Questions 

1. Were you expecting to recall this set of objects today? [Circle answer.] 

YES / NO / MAYBE 

2. Did you do anything outside of the study sessions to better memorize the lists? This 
includes reviewing the objects mentally, writing them out, or talking to other people 
about the specific objects or the procedure. [Please be very specific if they answer 
“yes.”] 

3. Did you learn the first and second sets of objects in the same room, in different rooms, 
or are you uncertain? [Circle answer.] 

 SAME / DIFFERENT / UNCERTAIN 



84 
 

4. Did you learn the first and second sets of objects from the same experimenter, different 
experimenters, or are you uncertain?  [Circle answer.] 

 SAME / DIFFERENT / UNCERTAIN 

5. In one or two sentences, please describe where you learned the first set of objects. 
6. In one or two sentences, please describe where you learned the second set of objects. 
7. In one or two sentences, please describe the experimenter who taught you the first set 

of objects. 
8. In one or two sentences, please describe the experimenter who taught you the second 

set of objects. 
9. How were you able to keep the objects you saw on the different days separate? 
10. Did you have any specific strategies for remembering the objects from session 1 or 2? 
11. What helped you decide whether the objects that came to mind were from the first or 

second session? 
 

Spatial Awareness Task Materials 

 

Figure 13: Scoring Map with correct locations of each object for room 101 
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Table 13: Room 101 Location Scoring Criteria 

Object 0.5 pts 1 pt 2 pts 

1 Correct section Correct wall Correct location 

2 Correct wall or in position 5 Correct section Correct location 

3 
Correct wall or in position 

6, 9, or 10 
Correct section Correct location 

4 Correct wall Correct section 
Correct location or in 

corner of correct section 

5 Correct wall or in position 2 
Correct section + 0.5” on 

either side 
Correct location 

6 
Correct wall or in position 

3, 9, or 10 
Correct section + 0.5” on 

either side 
Correct location 

7 Correct wall or in position 8 Correct section Correct location 

7b   Correct location 

8 Correct wall or in position 7 Correct section Correct location 

9 
Correct wall or section or 

in position 3, 6, or 10 
Correct wall in correct or 

middle section 
Correct location 

10 
Correct wall or section or 

in position 3, 6, or 9 
Correct wall in correct or 

middle section 
Correct location 

Total Possible Score: 20 pts 

 

Figure 14: Scoring Map with correct locations of each object for room 512 
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Table 14: Room 512 Location Scoring Criteria 

Object 0.5 pts 1 pt 2 pts 

1 
Correct section or in 

position 3 
Correct wall Correct location 

2 Correct section Correct wall Correct location 

3 
Correct section or in 

position 1 
Correct wall Correct location 

4 Correct wall Correct section Correct location  

5 Correct wall 
Correct section + 0.5” on 
either side or in position 6 

Correct location  

6 Correct wall  
Correct section + 0.5” on 
either side or in position 5 

Correct location  

7 Correct sections Correct wall Correct location 

8 Correct wall Correct section 
Correct location or <1” 

down long wall 

9 Correct wall 
Correct wall in correct or 

upper right section 
Correct location 

10 Correct wall 
Correct wall in correct or 

lower right section 
Correct location 

Total Possible Score: 20 pts 

 

Figure 15: Scoring Map with correct locations of each object for room 139 
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Table 15: Room 139 Location Scoring Criteria 

Object 0.5 pts 1 pt 2 pts 

1 
Correct section either side of 

center line 
Correct wall Correct location 

2 Correct section Correct wall Correct location 

3 Correct wall Correct section Correct location 

4 
Correct wall or section or in 

position 6, 8, or 12 
Correct wall in correct or 

middle section 
Correct location  

5 Correct wall or in position 8 
Correct section + 0.5” on 

either side 
Correct location 

6 
Correct wall or section or in 

position 4, 8, or 12 
Correct wall in correct or 

middle section 
Correct location 

7 Correct section Correct wall Correct location 

 
8 

Correct section either side of 
center line or in position 4, 5, 

6, or 12 
Correct wall Correct location 

9 
Correct section either side of 

center line 
Correct wall Correct location 

10 Correct wall Correct section Correct location 

11 Correct wall or section 
Correct wall in correct or 

middle section 
Correct location 

12 
Correct wall or in position 4, 

6, or 8 
Correct section+ 0.5” on 

either side 
Correct location 

13 Correct wall Correct section Correct location 

Total Possible Score: 26 pts 

 

Figure 16: Scoring Map with correct locations of each object for room 429 
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Table 16: Room 429 Location Scoring Criteria 

Object 0.5 pts 1 pt 2 pts 

1 Correct section  Correct wall Correct location 

2 
Correct section or in position 

3, 4, 5, or 10 
Correct wall Correct location 

3 
Correct wall or in position 2 or 

10 

Correct section + 0.5” on 
either side or in position 4 or 

5 
Correct location 

4 
Correct section or in position 

2 or 10 
Correct wall or in position 3 or 

5 
Correct location  

5 
Correct section or in position 

2 or 10 
Correct wall or in position 3 or 

4 
Correct location  

6 Correct wall  Correct section  Correct location  

7 Correct section Correct wall Correct location 

8 Correct sections Correct wall Correct location 

9 Correct wall 
Correct section or in position 

11 
Correct location 

10 
Correct wall or in position 2, 

3, 4, or 5 
Correct wall in correct or 

upper right section 
Correct location 

11 Correct wall 
Correct wall in correct or 

center section or in position 9 
Correct location 

12 Correct wall Correct section Correct location 

13 
Correct section or lower right 

section 
Correct wall Correct location 

Total Possible Score: 26 pts 
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