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Abstract 

Hubach, Gomez, Hardt and Nadel (2007) provided the first demonstration ofreconsolidation of 

episodic memory in humans. Memory for a set of20 objects was modified by the presentation of 

a new set of 20 objects if and only if participants were reminded of the first learning episode 

before learning the new set. Hupbach, Hardt, Gomez and Nadel (200S) then explored the 

importance of spatial context in the reminder condition. A bimodal split between participants in 

memory updating occurred when they were brought to a different context for Session 3. The 

present study investigates this bimodal split by distributing a spatial awareness assessment during 

Session 3 using the same methods as Hupbach et al. (200S). Forty-two adults aged lS-25 were 

tested in two paradigms. A significant difference was found between average intrusion rate of 

Low SAA scorers and High SAA scorers (p = .01S). A correlation was found between intrusion 

rate and spatial awareness assessment score in Set 1 recall (R2 = .49) while no correlation (R2 

= .05) was found for intrusions into Set 2 recall. These implications are important for learning 

how memory updating occurs in different types of people, highly spatially aware and average or 

low spatially aware. 
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Spatial awareness and memory reconsolidation: 

The role of heightened spatial awareness in memory updating 

Research on memory reconsolidation shows that re-activating a memory can put it in a 

fragile state where it can be strengthened, weakened or new information can be incorporated. The 

memory then goes through a restabilisation process referred to as reconsolidation. One of the first 

demonstrations of memories becoming labile after reactivation was by Nader, Schafe, and Le 

Doux (2000) who showed that fear memory in rats can be severely impaired during memory 

reactivation. Rats received tone-foot shock pairings on Day 1, followed by Day 2 when half were 

re-exposed to the tone and half were not. Experimenters knew the memory was reactivated in the 

rats that were re-exposed to the tone because they froze from fear. All rats, regardless of 

reactivating the fear memory or not, were then injected with a protein-synthesis inhibitor. When 

tested for fear memory in response to the tone on Day 3, rats who had received the reminding 

tone before injection of the inhibitor showed less freezing than rats who were not reminded. This 

demonstrated that the fear memory in the rats that went through memory reactivation returned to 

a labile state before going through a process of reconsolidation, leading to the reminded rats to be 

less afraid than the rats who were not reminded. Soon after Walker, Brakefield, Hobson, and 

Stickgold (2003) showed the first reconsolidation effects in human participants by using a simple 

motor-skill, or procedural memory, task. The memory of the initial sequence participants learned 

was rendered labile if and only if participants were reminded of it in the second Session. Those 

participants had a much harder time distinguishing between what they learned on the two separate 

days as opposed to participants who did not receive a reminder on the second day as reflected in 

slower reaction times and greater errors on the Session 1 sequence. 

Hupbach, Gomez, Hardt, and Nadel (2007) provided the first demonstration of 

reconsolidation of episodic memory in humans. Memory for a set of 20 objects presented in 
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Session 1 was modified by the presentation of a new set of 20 objects in Session 2, 48 hrs later, if 

and only if participants were reminded of the first learning episode before learning the new set. 

This was determined in Session 3 (48 hrs later) by asking participants to recall all of the objects 

they learned in Session 1 or in Session 2. Memory reconsolidation was illustrated by a high rate 

of intrusions from Set 2 into Set 1 but not the other way around. Thus, instead of a simple source

memory effect, participants appeared to be updating their original memory with the newer 

information encountered in Session 2. Importantly, the reminder condition had 1) the same 

experimenter bring participants back to 2) the same room and 3) ask them a reminder question 

while the no reminder condition lacked all three of these features. 

Hupbach, Hardt, Gomez, and Nadel (2008) went on to examine the effect of each 

individual reminder (same experimenter, same spatial location, or reminder question) on intrusion 

rate. They discovered that spatial context alone was sufficient to remind participants of the first 

day and cause memory updating. Hupbach et al. (2008) also explored what would happen when 

participants were brought back to a different spatial context for Session 3 because all of the 

previous studies tested learners in the same spatial location in all three sessions. It was critical to 

determine the fate of updating when subjects were tested in a different spatial context in Session 3. 

Hupbach et al. (2008) found that some participants showed robust updating while others showed 

very little updating, if any, leading to my thesis question. 

The current study further explores the bimodal distribution reported by Hupbach et al. 

(2008) by using a spatial awareness assessment created specifically for this experiment. The 

assessment was distributed during the third Session of the study, after participants were asked to 

recall as many objects as they could from Session 1 or Session 2. The assessment aims to 

determine whether subjects with greater awareness of spatial contexts are more likely to show 

memory updating than subjects with less spatial awareness. Participants were given a schematic 
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map of the room they were in during Sessions 1 and 2 with only enough information to orient 

them, along with separate laminated pictures of the 13 most important objects in the room. 

Participants were asked to place the objects in their correct location and indicate where they sat. I 

predict that highly spatially aware subjects will show the most robust updating based on the 

assumption that entering the same spatial location for Session 2 immediately reactivates their 

memory for the items learned in Session 1. This study will be crucial in beginning to understand 

why spatial context is a more potent reminder from some subjects than others. 

Method 

Participants 

A total of 42 undergraduate students (16 males, 26 females) from the University of 

Arizona participated in the experiment. They received course credit for participation. Eight 

participants were discarded for various reasons including failure to follow directions to avoid 

thinking about the study (n=4), failure to return to finish the study (n=3) and lack of sufficient 

comprehension of the English language in order to name the objects (n= 1). Set 1 recall (n= 19), 

Set 2 recall (n= 15). 

Materials 

Set 1 and Set 2 each contained 20 unrelated objects that were used in Hupbach et al. 

(2007) and Hupbach et al. (2008). See Table 1. 
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.Table 1. lists of objects presented on Day 1 and Day 2 

list 1 

B<llloon 
Bow 

Tov Cdr 

Cfttyon 
Cup 
Di(' 
~c.ltl)('r 

Fld'hliqhl 
Flower 
Glut, 
Kl'v 
'>u<k 
'>puIHl\' 
Spoon 
'>lJI1\3 Id ">,('\ 

Tc<.bdq 
Tenni, bdil 
r oothbr ush 
Wlmtl(' 

list 2 

Apple 
B<md-did 
Bdtlery 
Book 
Cd'>~t'tt(> tdpt' 
(dluldl p!\Orll' 

(omb 
Uoll", hill 
fleplldflt 
Erwclopf' 
Pdper (lip 
Toy pot 
PUl l!c' pice p 

Rock 
Str <I\V 

Thrf'dd 
TI,>sue 
Wtlld, 
Shovel 
l'pfH·r 

The three sessions took place on Monday, Wednesday, and Friday of the same week. 

Participants were informed that their participation would include doing different memory tasks on 

each day. Students participated one at a time. During Session 1, the experimenter pulled out one 

item at a time from a bin and placed it in a picnic basket (objects were from Set 1). Participants 

were asked to name each item out loud. After all 20 items were placed into the basket the 

experimenter hid the basket and asked the participants to recall as many objects as they could. 

This procedure was repeated until the participants remembered at least 17 of the 20 objects or 

until a maximum of four learning trials was reached. Participants were engaged in :::::15-20 sec of 

small talk (unrelated to the study) between each trial. This study aimed to look at intrusion rates 

in participants as a function of spatial awareness, therefore, only the reminder condition was used 

because from previous studies we know that intrusions happen primarily in the reminder 

condition. 
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During Session 2, the same experimenter who administered the procedure during Session 

1 brought participants back to the same room and showed them the empty picnic basket and asked, 

"Do you remember this basket from the previous session?" Participants were asked to describe 

the general procedure, but were stopped if they began recalling specific items. After this, 

participants learned a second list of 20 objects (Set 2). All objects were dumped out of a box in 

front of the participants, who were asked to sort through the objects one-by-one and name each 

out loud. Participants were given 30 sec to look over the objects before the experimenter took all 

of the objects away and asked participants to recall as many objects as possible. This procedure 

was repeated until participants recalled at least 17 of the 20 objects, or for a maximum of four 

learning trials. Participants were engaged in ::::::15-20 sec of small talk between each trial. 

During Session 3, the experimenter from Session 1 brought participants to a new room 

and asked them to recall as many objects as possible from Session 1 or Session 2. The 

experimenter noted the remembered objects. When participants stopped talking or indicated that 

they could not remember any more items, the experimenter engaged participants in small talk 

conversation for ::::::15-20 sec. The experimenter repeated the recall test by asking the participants 

to recall the objects again. This procedure was repeated for a total of four consecutive recall trials 

in order to test reliability of recall. 

The spatial awareness assessment was administered immediately after recall. Participants 

were asked to map out the room they were in for Sessions 1 and 2 of the experiment as best they 

could on the schematic map using separate laminated pictures of the 13 most important objects in 

the room. The assessment was scored in two ways; the first method scored how well participants 

placed each individual object in the correct location while the second scored if the objects were 

placed on the correct side of the room or wall. For example, a participant would get a better score 

from the second scoring method if they placed the two windows on the correct wall, even if the 
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windows were reversed. The experimenter then asked the participants a series of questions 

including if they did anything outside of the study to remember the list of objects. Any participant 

that answered yes to this question was discarded. Then the experimenter administered a survey 

asking participants to describe generally how they learned the objects and if they could, how they 

distinguished between days when asked to recall a certain set of objects from a certain session. 

Finally, participants were given a debriefing form, asked for any questions or concerns, thanked 

for their participation and told they were excused from the study. Experimenter questions and 

participant survey are included in the Appendix. 

Results 

The number of learning trials that were necessary for participants to recall at least 17 

objects was recorded. For instance, participants who recalled at least 17 objects during the third 

learning trial were given a score of 3. Participants who did not reach criterion in 4 trials were 

given a score of 5. Participants took on average 3.41 trials to learn Set 1 and 2.90 trials to learn 

Set 2. There was no significant difference in how many trials each session took (p=.29). 

The dependent measure for Set 1 and Set 2 recall, respectively, was the averaged number 

of items recalled from all four trials. The dependent measure for intrusions was the averaged 

number of items falsely attributed to the wrong set of objects during recall from all four trials. 

Set 1 Recall 

The average percent recalled by participants during Set 1 recall was 37.30 (SD = 15.32). 

Intrusions from Set 2 

The average percent intrusions by participants in the Set 1 recall was 15.59 (SD = 14.62). 

The intrusions from Set 2 onto Set 1 varied greatly between participants. These results matched 

well with the findings of Hupbach et al. (2008) and thus we decided to look at the intrusion rate 

of subjects according to their spatial awareness assessment score. 
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Set 2 Recall 

The average percent recall by participants during Set 2 recall was 54.17 (SD = 9.87). 

Intrusions from Set 1 

The average intrusion of Set 1 items by participants in Set 2 recall condition was 5.75 (SD 

= 4.97). Thus, the intrusions from Set 1 onto Set 2 recall were significantly lower than intrusions 

from Set 2 into Set 1. These results also replicate results from previous episodic memory 

reconsolidation studies, indicating that the result is not simply a source-memory effect but 

participants are actually reopening and updating their previously consolidated memory. 

Spatial Awareness Assessment (SAA) 

The SAA was used to rate participants on a scale from 1-13 of spatial awareness. The 

average SAA score for the Set 1 Recall group was 7.6 (range = 5 to 10) and for the Set 2 Recall 

group was 9.2 (range = 5 to 12). The two groups averages differed significantly, t(32)=2.49, 

p=.02. 

Spatial Awareness and Intrusion Rate 

Participant's individual Spatial Awareness Assessment score was used to place them in a 

Low SA group (score of 1-7) or a High SA group (score of 8-13). The mean intrusions into Set 1 

and Set 2 recall are shown in Figure 2 below. A significantly higher intrusion rate was found in 

the Low SA group (M=23.6) compared to the High SA group (M=8.4), t(17) = 2.61, p = .018. 
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Memory Updating 

Hupbach et al. 
(2008) Intrusions 
of Set 2 into Set 1 

recall 

t(17) = 2.61 
P = .018 

* 

I ntrusions of Set 2 
into Set 1 Recall 

Intrusions of Set 1 
into Set 2 Recall 

Figure 1. A comparison of the original bimodal split in intrusion rate found in Hupbach et al. 
(2008) to the split between intrusion rate in high SAA scorers and low SAA scorers from both 
groups (Recall Set 1 and Recall Set 2) in the present study. 
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Contrary to prediction a Pearson's correlation, showed that as SAA score increased in Set 

1 recall subjects, intrusion rates decreased (r=-.70,p <.001). Importantly, as SAA score increased, 

recall rates also increased (r=,49, p <.05). A significant difference was found between the two 

correlations, t(17)=-4.3, p<.OO 1. 

Set 1 Recall and Memory Updating as a Function of 
Spatial Awareness 

70 

• 
"C 60 • • ~ Set 1 Recall 
co • • u • tl. 50 
'" R' 0.241 ... 
u 

Intrusions of QJ 

'Ej ~o I 0 • Set 2 into Set 1 '0 • • • • QJ • , Recall 
~ 30 • • .. 

I c • QJ 
u 
'- • ~ 20 • • c • co • QJ • ~ 10 • * • • • • R: 04946 

0 • 4 5 6 7 8 ') 10 11 12 

Spatial Awareness Assessment Score 

Figure 2. Memory recall and updating (intrusions) explored as a function of Spatial Awareness. 
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In contrast, when we compare intrusions of Set 1 into Set 2, there is no relationship to 

SAA (r=.22, p=.22). The relationship between memory updating and SAA with respect to Set 1 

vs. Set 2 recall differed significantly between the two conditions, z=-1.68, p <.05. 

70 

GO 

C1I ... 50 
'" cr:: 
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.:: 
C1I 
til) '0 ::; :) 

c: 
C1I 
u .... 
C1I 20 
0.. 

10 

0 

4 

Memory Updating as a Function of Spatial Awareness 
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Spatial Awareness Assessment Score 

Intrusions of Set 2 
into Set 1 Recall 

Intrusions of Set 1 
into Set 2 Recall 

• • • • 
10 11 

• 
12 

Figure 3. SAA score by intrusion rate for participants asked to recall Set 1 vs. Set 2 during 
Session 3. 

The results indicate that SAA score can predict intrusion rate in participants for Set I 

recall, but contrary to prediction high SAA score results in low intrusion rate and low SAA score 

results in higher intrusion rate. However, recall rate increased significantly with greater SAA 

score, indicating that the SA test may be a better measure of general memory than of spatial 

awareness per se. SAA score does not predict intrusion rate in Set 2 recall. 

Discussion 

Hupbach et al. (2008) demonstrated that spatial context plays a specific role in memory 

updating. The results of the present study help to further explore what happens when participants 
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are brought to a different context during the third Session for recall of Set 1 or Set 2. These data 

further emphasize the role of spatial context in memory updating by looking at an individual 

participant's spatial awareness of a room and how that can predict the memory reconsolidation 

process. These results mirror Hupach et al. (2008) with a large variation of intrusion rates 

between participants (Figure 1.). In the present study, the Spatial Awareness Assessment score 

was used as a way to predict recall and intrusion rate in individual participants (Figure 2). 

Contrary to the original hypothesis, those participants who scored the lowest on the SAA had 

higher intrusions rates. Further, participants who scored the highest on the SAA had lower 

intrusion rates. This result is intriguing because the initial hypothesis was that highly spatially 

aware individuals would have the most intrusions during recall as a result of more memory 

reactivation during Session 2 when compared to individuals with little or no spatial awareness. It 

is not clear whether the SAA was a proxy for general memory ability or whether spatial 

awareness may have a greater effect on retrieval during Session 3 than on Session 2 reactivation. 

Hupbach et al. (2008) showed in Experiment 4 that when recall takes place in a different 

context during the third Session, intrusions mayor may not result. They explained that this could 

be happening because individuals may differ in which retrieval cues they rely on to help them 

recall Set 1 vs. Set 2 objects. The results of the present study help to further explain how people 

differ in what resources they may use when asked to recall an episodic memory. Those 

participants who scored lower on the SAA may rely on retrieval cues other than spatial context 

when recalling an episodic event. These cues could range from the time of day they came in, their 

social interaction with the experimenter or other varying cues. In the current study, if a participant 

relied more on temporal or social cues, for instance, then they could be reminded generally of the 

first two sessions when they came in for the third recall Session. This would cause yet another 

updating effect during the third Session when the purpose of the AAC context is to not remind 
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participants of the first two sessions during the third Session. This would lead to high intrusion 

rate, as is shown through the results. Those participants who do in fact rely on spatial contextual 

retrieval cues would then not be reminded again during the third Session and would be more able 

to distinguish the memories from the previous two sessions. 

When looking at Set 1 recall as a function of SAA score, it was associated with higher 

SAA scores. This might suggest that the SAA may be a proxy more generally for memory of the 

room participants were in during Sessions 1 and 2 as opposed to solely spatial awareness. This 

would explain why subjects with good memory (High SAA score) showed higher recall and 

fewer intrusions while subjects with poorer memory (Low SAA score) showed the opposite effect. 

The Set 2 recall condition was added to the study in order to replicate previous findings by 

Hupbach et al. (2007) and to expand upon the findings of Hupbach et al. (2008). Set 2 recall was 

used to compare how SAA score predicted intrusion rate in participants that were asked to recall 

Set 1 or Set 2. It is important to note that SAA score did not predict intrusion rate in Set 2 recall 

while it did predict intrusion rate in Set 1 recall. These data help to further demonstrate the 

important distinction between Set 1 recall and Set 2 recall in memory reconsolidation. In 

Hupbach et al. (2007) a high rate of intrusions occurred from Set 2 into Set 1 but not the other 

way around. This helped to demonstrate that the phenomenon being observed was not simply a 

source-error but that participants were actually reopening and updating previously consolidated 

episodic memories. These data help to reinforce this idea by showing that regardless of SAA 

score; all participants in the Set 2 recall condition had low intrusions from Set 1. 

This study could continue in many directions. One limitation of the study is the timing of 

the SAA. The participants are given the SAA during the third Session because they must map out 

the room they were in during Sessions 1 and 2 as best as they can. Ideally, participants would be 

tested on their spatial awareness prior to any work on memory reconsolidation; this would ensure 
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that a subject's SAA score is not affected by the reconsolidation paradigm itself. Another 

limitation to note is the structure of the SAA itself; in the future the assessment should not ask for 

spatial information provided during the memory reconsolidation paradigm. The SAA should 

assess general spatial awareness instead of awareness of the room participants were in during 

Sessions 1 and 2. This would help to answer the question of whether higher intrusions from Set 2 

into Set 1 recall in low SAA scorers actually had to do with spatial awareness or more their 

general memory of each session. One important step that should be taken next is providing 

participants with not only a SAA but also a temporal awareness assessment. These two attributes 

(spatial and temporal awareness) could possibly be linked in the memory updating process. 

Separating these two attributes would be an interesting step to take next when looking at why 

some participants show robust updating while others show very little updating when brought to a 

different context for recall. 
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