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Abstract 

 

Recent imaging studies have shown that the hippocampus is active in the retrieval 

of semantic and episodic memories in differing ways. This behavioral study suggested 

that context independent memories of objects are dependent upon multiple context 

dependent traces of said object. When memory of an object, studied in a varying number 

of contexts, was tested with the object in a new context, participants were able to 

correctly recognize the object significantly faster when seen in four contexts than when 

seen in one or two contexts. This indicates that the quality of a semantic memory of an 

object may be dependent upon the quantity of episodic memories of said object available.  
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Introduction 

Declarative memory, which stores events and facts, has been historically divided 

into two categories, one being episodic memory which is a collection of specific events 

stored in detail in the brain, and semantic memory which consists of general facts which 

are thought to be tied to no specific events (Tulving, 1983). One issue common to many 

theories of how memory exists in the brain is the case of retrograde amnesia, a condition 

in which patients with damage to the hippocampus and medial temporal lobe are known 

for their ability to remember and learn semantic facts while being unable to remember 

their episodic memories. It has recently been established that amnesiacs have a marked 

difficulty in learning new semantic facts, the process is usually a long and difficult one 

and in the end recall is highly context dependent and inflexible. Studies have also shown 

that when people are asked to generate a list of generic objects such as “things found in a 

kitchen” and then asked how they generated the list most people will say that they 

pictured themselves in their kitchen in their most recent house and named things that 

came to mind. Lesion studies have shown that when damage is limited to the retrieval of 

episodic memory patients will name less objects in these category production tasks. 

While the standard theory of consolidation has historically postulated that the 

hippocampus plays a fleeting role in the process of consolidation fading into obscurity as 

the memory begins to rely on neocortical structures for retrieval, Multiple trace theory 

holds that semantic and episodic memories both continue to rely on the hippocampus but 

possibly in differing ways. In a recent study, Hayes et al exposed participants to multiple 

objects in varying contexts and was able to show that the hippocampus is active in the 

retrieval of both semantic and episodic memory (Hayes et al. 2007). Imaging studies have 
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shown that hippocampal activation in episodic memories is reliant on the amount of 

detail a memory has tied to it and not the age of the memory. This suggests that it may be 

the case that semantic memory is obtained in two ways; extracted on the fly from a 

collection of episodes, and also stored in a separate location in the brain (Ryan et al.  

2008). This would explain why amnesiacs have trouble learning new things while also 

explaining how semantic memory is obtainable at all in an amnesiac state.  

 Recent research has shown that context can have a large impact on the recognition 

of an object that one has previously been introduced to. Participants were shown a 

number of objects with some in scenes and some on blank pictures, when the objects 

were shown at test in different scenes or with no scene at all, a context shift decrement 

was observed in which participants were less likely to recognize an object out of the 

context shown at study but just as likely to recognize the object if it was in the same 

context seen at study (Hayes, et al. 2007). This suggests that context helps in the 

recognition of the fact that an object has been seen before. The decrement in object 

recognition when the context is changed suggests that the memory of seeing the object is 

episodic in nature and therefore inflexible and difficult to apply to a new context. It may 

be the case that when an object is seen in more contexts, the memory of the object can 

become more generalizable and thus a closer analogue to semantic memory because a 

person recognizes the object when extracted from multiple episodes of exposure versus 

recognizing the object as part of a specific episodic memory. Thus the more episodes of 

exposure one has to an object in varying contexts the more rich and salient the semantic 

memory of recognizing that object can become because more examples can be drawn 

from when extracting the memory making the recognition less context reliant.  
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 Animal research has shown that rats conditioned to be fearful of a certain stimulus 

are initially only likely to respond to the conditioning in the same context it was learned 

in. A recent study has shown that with time the memory of the conditioning seems to lose 

its tie to the original context and become generalized in the rat’s brain as it become less 

reliant on the hippocampus. Rats were given a foot shock and initially where afraid of 

only the original context and would not freeze as much in a completely novel situation. 

However with time the rats began to freeze in the novel context just as much as they did 

in the original testing context. This change generalizability seems to suggest that with 

time the memory becomes more semantic in nature and perhaps the original episode has 

become less contextually influenced (Wiltgen & Silvia 2007). This may be demonstrated 

in humans in the case of phobias in which an original episode causes a strong fearful 

reaction and with time that fear becomes more semantic and applied to multiple contexts 

with the difference being the humans can remember the original episode and relate their 

current situation to it. It may be that when a phobic person imagines a new scene in 

which their phobic object is present the semantic memory of a spider draws from many 

episodic memories with spiders including the episode of intense fear. The fear then spills 

over into the memory of the object and now the person has an intense fear of that object 

regardless of context. This may suggest that the mere passage of time can also be part of 

the coding and storage of semantic memory.  

 The current research in the field seems to suggest that there are many factors 

which cause strong interactions between semantic and episodic memory. In this 

experiment both the number of episodic events and the passage of time will be 

manipulated in an attempt to see how they impact the semantic qualities of a memory, 
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specifically how easily the memory of interacting with an object can be generalized to 

new contexts like a semantic fact is generalized to new problems. This will provide 

strong insight into how memories are coded and stored by the brain and help the field to 

further understand the amnesiac condition. We will be showing participants different 

objects in differing numbers of unique contexts and then asking them to recall the objects 

at different recall time periods. We believe that each new context will be treated as a new 

episode in which a person has experienced the same object and that the increasing 

number of unique exposures will translate to a number of unique episodic memories. If 

semantic memories are extracted on the fly from episodic memories, then the task of 

recognition will require this to be done and objects which have been experienced in a 

larger number of contexts will be more readily recognized. Secondly we believe that with 

time semantic memories become less reliant on episodic memories and thus more 

generalizable. This means that participants who are asked to complete the recall task at a 

later date will recognize all the objects at a higher rate than those who complete it sooner 

regardless of the number of contexts the object was originally seen in. Finally there 

should be an interaction between both time and number of contexts such that an object 

seen in many contexts and asked about after a long period of time should be the most 

semantic of all the memories and thus should be most easily recognized while an object 

seen in one context and asked about with very little time passing should be the most 

episodic in nature and most difficult to generalize to a new context.  
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Methods 

Participants  

The participants will be healthy University of Arizona undergraduates who give written 

informed consent and will receive course credit for their time. Experimental procedures 

will be approved by the IRB. There will be 60 participants with a balance between male 

and female participants. The participants will be in three groups chosen randomly and 

asked to return after 1or 7 days for the object recognition task.  

 

Materials  

Pictures of 60 objects were gathered from previous experiments. These objects will be 

seen in varying numbers of contexts with a total of 140 unique contexts. Group 1 (o1) 

will be shown in a total of 20 unique contexts. Group 2(o2) will be shown in 40 unique 

contexts. Group 3(o3) will be shown in a total of 80 unique contexts. Each unique 

context/object pairing will represent a unique episode in which the object will be seen by 

the participants.  

 

Procedures 

Study 

Participants will be exposed to 60 objects four times, 20 of these will be seen in 

only one context each time, 20 will be seen in a total of two contexts, and 20 will 

be seen in a total of four contexts. There will be a total of 240 pictures shown at 

the learning stage. The 60 objects will be seen in differing contexts with 3 

seconds between each picture. In the first round participants will be asked to 
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decide if the object is worth more or less than $25. Decisions will be recorded by 

mouse clicks. In round 2 the objects will be shown again. Twenty objects will be 

shown in their original contexts (o1c1), 20 will be shown in new contexts (o2c2) 

and 20 more will also be shown in new contexts (o3c2). The participants will be 

asked to decide if the object can hold water this time. In the third round 20 objects 

will again be shown in their original contexts (o1c1), 20 will be shown again in 

their original contexts (o2c1) and 20 will be shown in a new set of contexts 

(o3c3). This time the participants will be asked to decide if the object would be 

easily set on fire. In the fourth round, 20 objects will be shown in their original 

contexts (o1c1), twenty will be shown in their second contexts (o2c2) and twenty 

will be shown in another set of new contexts (o3c4). This time participants will be 

asked to decide if the object would float in water or not. 

 

Testing  

The participants will be brought back at differing times for testing of recognition. 

Group 1 will be brought back 1 day later, group 2 will be brought back 2 days 

later, and group 3 will be brought back 1 week later. They will be tested at the 

same time of day. During testing they will be shown the 60 objects each in a 

unique context not seen before. There will also be 20 distracter objects in unique 

contexts. They will be asked to respond to a yes/no recognition question using 

mouse clicks.  
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Results 

A 2 (1 day, 1 week) x 2 (One/two Context, four context) ANOVA found that 

there was a main effect of the groups in that the one day group remembered significantly 

more objects than the one week group  F( 1,19)=4.382 p<.05 regardless of number of 

contexts. There was a non significant trend demonstrating that the 4 context objects were 

more recognized than the one and two context groups t(20)=1.83 p=.08.  

Figure 1: Corrected Recognition Rates of objects at test 
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There was a significant difference in reaction times with the four context objects being 

recognized in a shorter time than the one and two context objects t(20)=2.17 p<.05.  

Figure 2 Reaction times for each context group 

 

 

 

 

 

 

 

 



Formation of Context Independent Memories 12 
 

Discussion 

This study examined the formation of context independent memories 

hypothesizing that a memory could become more semantic in nature if there were more 

episodic traces associated with the memory. This hypothesis was supported by the data 

collected. There was a significant difference in reaction times with the four context 

objects being recognized in a shorter time than the one and two context objects 

t(20)=2.17 p<.05. This significant decrease in reaction times related to the number of 

contexts an object was studied in suggests that participants were much more comfortable 

recognizing an object in a new context if it were originally seen in multiple contexts and 

thus were able to respond significantly faster with the right answer. There was a main 

effect of the groups in that one day group remembered significantly more than the one 

week F(1,19)=4.382 p<.05. This result was to be expected as memory of non emotional 

stimuli tends to degrade with time. There was however a non significant trend 

demonstrating that the four context objects were more recognized than the one and two 

context groups t(20)=1.83 p=.08. This result indicates again the participants are more 

knowledgeable of the objects seen in multiple contexts and that they can remember them 

significantly faster and marginally more accurately than the one or two context objects. 

Taken together, this data suggests that participants were more able to form context 

independent memories if the object was seen in multiple contexts while objects seen in 

only one or two contexts were associated with a more context dependent memory. If each 

context a memory is seen in were taken as an independent episodic trace, then the objects 

with multiple traces become more semantic in nature suggesting that it is possible that 

semantic memories are extracted from episodic memories.  
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This suggestion has many implications; the interdependency of the two forms of 

memory would more fully explain the impairment seen in amnesiac patients who have 

difficulty learning new semantic facts post injury. It could be that the formation of 

multiple episodic traces is necessary for the formation of a context independent semantic 

memory, thus learning a generalizable fact would be very difficult if the process for 

forming episodic memories is damaged as it is in the amnesiac patient. This could also 

explain why children have difficulty learning the semantic natures of language until later 

in development because the hippocampus on average does not fully form until around age 

five which is approximately when children begin to master the general rules of language 

one and applying them to form new phrases, vastly expanding their language capacities.  

While this study found significant results, there was a strong ceiling effect seen in 

the data. The one day group recognized an average of 86% of the objects regardless of 

number of contexts and the one week group recognized 82% of the objects regardless of 

number of contexts. These numbers are abnormally high for an incidental learning task. 

This may have been due to the low number of distracter objects at study. In most studies 

of this nature, there are generally hundreds of objects seen at study which will not bee 

seen again at test. In the interest of time, only about 20 distracter objects were used at 

study for each participant. This seems to have made the task too simple and future studies 

would find more significant results were this corrected. With that in mind, the level of 

significance found in the results show that the underlying concept is very strong, offering 

more credence to the findings. Another important aspect of memory formation is 

emotion. Emotional memories are often more salient than non emotional memories and 

emotion can also strongly influence how an event is remembered. Emotional memories 
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are often questioned in court because they are not always reliable. The strong impact that 

emotion plays on memory cannot be ignored in assessing the formation of context 

independent memories. Future research into the formation of context independent 

memories would need to find a way to incorporate emotion into the analysis to show the 

impact that an emotional state could have.  
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