Page 1 of 12
Impulse: The Premier Journal for Undergraduate Publications in the Neurosciences
2018

Can a Concussion History Affect the Susceptibility to the
Misinformation Effect?
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Concussions have been shown to have damaging effects to multiple functions of the brain,
including memory. One of the key components of memory is the ability to determine the
original source of a memory, a concept called source monitoring. The current study was
designed to explore how individuals with a history of concussions would compare with
individuals without a concussion history when their source monitoring ability was tested. The
researchers investigated the influence a concussion history would have on the susceptibility to
the effects of misinformation. Twenty individuals with a concussion history and twenty-two
individuals without a concussion history participated in the study. It was expected that
individuals without a concussion history would perform better on tests evaluating their ability to
correctly monitor the source of information. Statistical analysis revealed that both the concussed
and non-concussed group performed similarly in their ability to source monitor. The
contradictory results this study exhibits, when compared to previous research, suggests that
further exploration into this particular portion of memory may be useful when understanding
how concussions affect memory performance. The results of this study suggest that concussions
may not always produce negative long- term memory related cognitive effects.

Abbreviations: TBI — Traumatic Brain Injury; LE — Low Expectancy; HE — High Expectancy

Keywords: Memory; Working Memory; Social Contagion

Introduction

A concussion is a syndrome induced by
some sort of force or impact to the head that
results in neural dysfunction within the brain
(Giza et al., 2014). Concussions have long been
an issue in public health particularly in relation
to athletics (Gavett et al., 2011). Recently, there
has been significant discussion about the
potential dangers they pose not just during the
acute phase, where an individual is experiencing
strong physical and mental symptoms, but also
for post recovery phase mental health and
functioning, when an individual is not actively
experiencing symptoms. There is significant
evidence in the psychological literature that
concussions do have long-term effects on the
functioning of the human brain in multiple areas
of cognition and operation (Gavett, et al. 2011;
Guskiewicz et al., 2005). Numerous studies

have been conducted on individuals with a
history of concussions to assess specific brain
abnormalities and performance deficits in
comparison to individuals who have never been
concussed (Broglio & Peutz, 2008; Schultz et
al., 2012; DeKosky et al., 2010).

Long-Term Effects

Investigations into the post recovery
phase of concussed individuals have revealed
numerous findings. Neuroimaging
investigations (Tremblay et al., 2013),
neuropsychological assessments (Killam et al.,
2005) and other investigations into cognitive
function of individuals who have suffered
concussions in their past (Covassin et al., 2010;
Moser and Schatz, 2002) have all yielded results
pointing to the potentially harmful and enduring
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effects that concussions can have on the brain
long after the initial recovery period, including
memory (Killam et al., 2005), concentration
(Moser and Shatz, 2002), and processing speed
(Covassin et al., 2010) impairments. These
objective assessments of the long-term effects of
concussions are not the only way in which this
issue has been approached. More subjective
assessment methods of interviewing select
individuals (Caron et al., 2013, Mayers et al.,
2013) and providing them with general health
and memory questionnaires to relay their own
subjective experience (Guskiewicz et al., 2005)
have also yielded results that suggest
concussions  negatively  affect  cognitive
functioning, specifically memory, following
acute symptom recovery.

Hippocampus

Concussions have been found to result
in neuronal degeneration within hippocampal
areas of the brain (Kiraly et al., 2007). Previous
research has indicated that the hippocampus is
responsible in large part for performing two
related but separate memory functions (Eldridge
et al, 2005). Different sub-regions of the
hippocampus are selectively responsible for
episodic memory formation (encoding novel
information) and retrieval of the episode
(Eldridge et al., 2005). Episodic memory can be
characterized as memory of autobiographical
events (who, what, when, where, why
knowledge) that can be explicitly stated, such as
what an individual saw at a particular time.
Damage to the hippocampus not only creates
deficits in learning but also in retrieval,
especially for memories created from the recent
past (Manns et al., 2003). The formation of
memory representations was found to be
accompanied by specific increases in synaptic
activity within particular regions of the
hippocampus (Eldridge et al., 2005). Further
indicating hippocampal involvement in memory
function is the activation of glutamate receptors
and increased activity of proteins in the
hippocampus as part of a biochemical sequence
of events that begins during the process of
memory formation (Izquierdo et al.,1997).

While it has been well established that
the hippocampus is responsible for long term
memory processes (Lynch, 2004), research has
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also concluded that hippocampal damage can
impair performance in tasks that involve
processes in the prefrontal cortex, suggesting
that working memory may also be negatively
affected by changes in the functioning of the
hippocampus (Lipska et al., 2002).

Frontal Cortex

In addition to the hippocampus, the
frontal cortex is a brain region particularly
susceptible to damage by concussions (Kiraly et
al., 2007). As the soft tissue of the brain is
jostled within the brain case, the frontal areas
have been shown to be vulnerable to injury
against the sharp ridges inside the skull (Kiraly
et al., 2007). Research has shown that the
prefrontal cortex is involved in long-term
memory processes (Braver et al., 2001),
particularly  episodic  long-term  memory
(Blumenfeld & Ranganath, 2007), but it is also
regarded as the hub of the brain's working
memory system (Markowitz et al., 2015).
Working memory serves as a cognitive system
that is responsible for holding, processing, and
manipulating new information (Baddeley,
2007). Working memory is used as a temporary
workspace for reasoning and guiding decision-
making and behavior. Delayed-response tasks
have repeatedly shown that on a cellular level,
prefrontal neurons are activated in processing
mnemonic events (Goldman-Rakic, 1995) and a
strong linear relationship exists between
neuronal activity in the prefrontal cortex and the
working memory load (Braver et al., 1996).

Damage to the frontal cortex in the
wake of a concussion has been well researched
and studies document long-term
neurophysiologic changes. During a spatial
working memory task, patients who were in the
post recovery phase of a concussion had a
smaller increase in regional cerebral blood flow
than control patients in their prefrontal cortex
(Chen et al., 2003). Studies utilizing positron
emission tomography (PET) have demonstrated
frontal lobe hypometabolism (abnormally low
metabolic rate) following a mild trauma to the
brain both at rest and during working memory
tasks (Umile et al., 2002). Several studies have
shown that concussions can cause long-term
motor system dysfunctions including
abnormalities to intracortical inhibitory systems
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and neurotransmission alterations (De Beaumont
et al., 2007; De Beaumont et al., 2012; Henry et
al., 2011). In more severe cases, in which
concussions led to Traumatic Brain Injury
(TBI), atrophy of the frontal lobe can occur
(McKee and Daneshvar, 2015).

The frontal lobe damage associated with
concussions has been hypothesized to impair
episodic memory processing because of the role
of the frontal lobe in mediating working
memory processes (Owen et al., 1990). The
frontal cortex is believed to contribute to the
ability to organize multiple pieces of
information in working memory, thereby
enhancing memory for associations among items
in long-term memory and integrating them into
episodic memory (Eldridge et al., 2005). With
an impaired working memory, one could expect
general memory functioning and associated
processes to decline. This connection between
working memory and aspects of long-term
memory such as episodic memory and memory
monitoring is important when considering the
extent of potential damage from concussions.
Consistent with this view, long-term memory
storage is impaired by concussions’ long-term
effects, shown in a study that highlighted how
difficult it was for participants to retrieve
previously stored information. (Gronwall &
Wrightson, 1981). Another study focusing on
the later life of American Football players found
that even after multiple decades into the post-
recovery phase, participants still reported
episodic memory difficulties (Guskiewicz et al.,
2005). These findings show the potential long-
term detriments to frontal lobe function for
previously concussed individuals. In addition,
the prefrontal cortex may implement different
control processes that support long-term
memory formation and retrieval (Blumenfeld &
Ranganath, 2007).

Source Monitoring

A key retrieval-based process, source
monitoring, is performed in the frontal cortex of
the brain and contributes to accurate long-term
memory. Source monitoring is the process of
identifying the origin of recalled information
(Niedzwienska et al., 2002). This process is
critical to several different cognitive tasks, such
as the ability to exercise power over our own
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beliefs, the experience of autobiographical
recollection, and the capacity to differentiate
between reality and expectation (Johnson et al.,
1993; Marsh et al., 1997). Several studies have
shown that the prefrontal cortex is activated
when subjects are asked to complete source
monitoring tasks (Cansino, Maquet, Dolan, &
Rugg, 2002; Dobbins, Foley, Schacter, &
Wagner, 2002; Mitchell, Johnson, Raye, &
Greene, 2004; Turner et al., 2008). The present
research looks to investigate if concussions, with
their connection to frontal cortex impairment,
impact source monitoring. Damage to the
frontal cortex could imply that source
monitoring is impaired following a concussion.

When trying to remember past events,
problems in source monitoring can create
incorrect memories. Individuals occasionally
make errors when monitoring the source of
information, in the form of remembering
something that previously happened but
incorrectly remembering how they experienced
it. An example of this could be
misremembering whether an individual saw an
event or heard someone else’s depiction of the
event. A source monitoring error would be a
person believing that they saw or experienced an
event, when they only heard someone else
describe it.

Misinformation Effect

One form of a source monitoring error is
known as the misinformation effect. The
misinformation  effect states that after
experiencing an event, if presented with false
information, people will misremember that false
information as a part of the original event
(Roediger et al.,, 1996; Loftus et al., 1989).
Subjects will incorporate the given false
information into their own personal account of
the event (Roediger et al., 1996; Loftus, 1992).
One way the misinformation effect has been
investigated is to use a social contagion
paradigm, in which participants are exposed to
misinformation via collaborative recall. In a
study designed by Roediger and Meade (2001),
participants were instructed to observe several
scenes and remember items observed in those
scenes. The participants then collaborated with
a confederate, who they believed to be another
participant that had viewed the same scenes, to



Page 4 of 12

Can a Concussion History Affect the Susceptibility to the Misinformation Effect?

recall items from each scene. The confederate
recalled items that were not in the original
scenes, in effect exposing the participant to
misinformation about the contents of the
pictures they viewed. Results from the study
indicated that participants were affected by
social contagion, as they recalled items in their
final (individual) recall test that had only been
suggested by the confederate during the
collaborative recall portion of the study.
Further, participants produced misinformation in
their individual recall of the scenes at a
significantly higher rate than participants in the
control  group, where no  confederate
collaboration occurred.

To summarize, while there has been
significant research done on both the long-term
effects of concussions and the misinformation
effect separately, little has been studied on the
intersection between the two. Existing research
shows that concussions have long-term negative
effects on the frontal lobe. Findings also show
that source monitoring occurs in the frontal lobe
(Turner et al., 2008). Thus, it is possible that
people who have suffered concussions may
experience difficulties with source monitoring.

Current Study

Our study aimed to determine if people
who had suffered from concussions in the past
were more prone to the misinformation effect
than those who had never experienced a
concussion, as source monitoring difficulties
should result in greater susceptibility to the
misinformation effect. The literature suggests
that people with a concussion history will have a
harder time monitoring their memory, and thus
will be more susceptible to the misinformation
effect. In the current study, we examined
participants’ susceptibility to the misinformation
effect using Roediger and Meade’s (2001) social
contagion paradigm. The social contagion
paradigm of memory involves the implanting of
false memories into an individual’s mind
through social influence. The paradigm
showcases that we are susceptible to changing
our memory based on another individual’s
account of the same event. Our style of social
influence comes in the form of written lists of
items that subjects believed were written by
previous test participants. These lists were
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comprised of items that were in the viewed
scenes, as well as items that were not in the
scenes, and were given to the participants after
they had created their own original list of items
they remembered from the scene. Participants
were asked to evaluate whether they or the
participant who produced the written list of
words better recalled the contents of the scenes
they studied. Thus, by reading the written list
containing items that were not shown in the
scenes during the study, we exposed participants
to misinformation about the contents of the
scenes they studied. Our study tested how
concussions affected the validity of memory
recall, which was vital information when
considering the accuracy of memory produced
by someone who had been previously
concussed. We  hypothesized that the
performance of participants with a concussion
history would show a larger misinformation
effect in the form of accepting and endorsing
misinformation items at a higher rate than
people without a concussion history.

Material and Methods

Participants

This  research  was  retroactively
approved after the original experiment was
executed as a class project, and publication was
pursued after data collection. The proposal
(15713, Examining the relationship between
concussion history and memory) was reviewed
by the Middlebury Institutional Review Board
(IRB) and it was found to be exempt from
further review wunder Federal Guideline
46.101(b)(2). All participants provided their
written informed consent. Forty-two students
(aged 18-22) from Middlebury College’s
undergraduate student body were recruited for
this study. Participants were volunteers
contacted via e-mail correspondence with sport
team coaches. As a result of this recruiting
method, all of the participants included in the
study were members of a collegiate sports team.
Twenty of our participants had previously
suffered concussions and twenty-two of them
had never suffered a concussion, as determined
by the sports medicine department. Of the
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twenty individuals with a concussion history,
30% had become unconscious as a result of a
concussion. No individuals currently concussed
were eligible to participate in the study.

Study Materials

Participants were shown a series of six
images of common household scenes: a desk, a
kitchen, a bathroom, a toolbox, a bedroom, and
a closet. These images were taken from a
previous study examining social contagion of
memory (Meade & Roediger, 2002). The scenes
contained an average of 24 objects that were a
mixture of high and low expectancy items. The
expectancy ratings used were gathered from the
same Meade and Roediger (2002) study in
which thirteen Washington University in St.
Louis undergraduates were asked to imagine
each of the six scenes from a simple verbal
description (“a typical kitchen scene”) and list at
least 10 items they might expect to be in the
scene. The items listed by five people were
considered high-expectancy items, and items
listed by one person were considered low-
expectancy items. The range of the number of
people listing each item was one to twelve.

A general information sheet was used to
collect information about the participants that
could be useful in later analysis. They were
asked to report the number of concussions they
had experienced, the age of their first
concussion, the date of their most recent
concussion, and if they have ever become
unconscious from a concussion.

Each participant was given a packet
upon his or her arrival at the experiment. The
first six sheets of paper were blank sheets of
printer paper designed for the free recall task
after the presentation of the six scenes. The next
six sheets were the social contagion lists
designed for each scene. The social contagion
lists for all six scenes were created the same
way, following the design of Meade and
Roediger’s (2002) Experiment 3. Each list was
designed to look like a free recall list that could
have been created by a previous participant in
the study. It was created by randomly selecting
various items from the scene and then inserting
two items that were not present in the scene.
These items were the misinformation items: one
was considered a high expectancy item (likely to
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be found in the scene) and one was considered a
low expectancy item (unlikely to be found in the
scene). The high expectancy item was placed
third on the list and the low expectancy item was
placed seventh on the list.

The final six pieces of paper were the
recognition lists corresponding to each scene.
The following description details how a
recognition list was designed for a single scene.
The lists for all six scenes were created the same
way. The recognition list contained all of the
items actually present in the scene. This number
varied by the scene. The high expectancy item
that was presented in the social contagion list
was placed third in the list. The low expectancy
item was placed seventh. There were also two
additional control items included in this list to
ensure that people were not simply likely to
circle items because they were on the list.
Control items had not been presented anywhere
previously in the experiment and were placed in
positions eleven and fifteen in each test list.

For the social contagion lists and the
corresponding recognition lists for all six scenes,
there were two groups: group A and group B.
This was done to eliminate the possibility for
any biases towards particular words. There
were two groups of high expectancy/low
expectancy items for each scene, and two groups
of different corresponding control words for
each scene. Half of the previously concussed
participants received the lists from group A (10
participants) and the other half received the lists
from group B (10 participants). The same was
done with our never-concussed participants, half
(11 participants) received the lists from group A
and the other half received the lists from group
B (11 participants).
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Figure 1. Desk scene used in current study and
Roediger and Meade's (2001) study.

Procedure

Participants entered the classroom and
were seated with at least one desk in between
them. In front of them on the desk was a
consent form explaining the general procedures
of the study that they were required to sign
before the experiment began. They then filled
out the general information sheet. Next, the
researchers distributed a packet of papers to
each participant that they were to leave
untouched on the desk in front of them.

The experiment began by telling the
participants that they were about to view six
household scenes. These scenes were projected
from a computer onto a screen at the front of the
room so the participants could view them clearly
and easily. They were shown each scene for one
minute, and their job was to examine each scene
closely because they would later be asked to
perform tasks related to the content of the
scenes. After the first scene was shown for one
minute, the participants were instructed to
complete a series of multiplication problems for
one minute. They were then told that they had
one minute to recall all of the items they could
from the first scene. The same procedure
occurred for the next five scenes. All six recall
sheets were then collected.

After the free recall portion of the
experiment was over, the participants were told
that the next six sheets of paper in the stack
contained the free recall responses of
participants in a previous session of the study.
These were the social contagion lists described
above. At their own pace, they were to closely
examine the items recorded by this other
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participant and indicate on the paper whether
they more accurately recalled the items in the
scene or if this other participant did better at the
task. The lists of items were presented in the
same order as the scenes were previously
shown.

After all of the participants in a session had
finished reviewing the social contagion lists that
introduced the misinformation, they were asked
to turn their attention to the final stage of the
experiment: the recognition task. They were
told that the next six sheets of paper contained
lists of items from each scene respectively. The
tests for scenes were presented in the same order
as study scenes were during encoding. At their
own pace, their task was to go through the list
from each scene and circle all of the items that
they remembered from the scene, whether or not
they had included the items in their initial recall
of scenes. The sequence of a participant’s
actions can be seen in Figure 2. When everyone
was finished with the final task, they were given
a debriefing of the study and thank for their
time.

1) View Scene

2) Distraction Task

3) Free recall of items viewed
in that scene in a written list

(Repeat steps 1-3 for all six
scenes)

4) Judge previous
"participant's" performance

5) Recognition task

Figure 2. Experimental Design
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For each study participant, we tallied the
proportion of studied items correctly recognized
(hits), the proportion of control items mistakenly
recognized (control false alarms), the proportion
of high expectancy items mistakenly recognized
(HE false alarms), and the proportion of low
expectancy items mistakenly recognized (LE
false alarms). These data, displayed in Figure 3,
were analyzed with a 4 (Item Type: hit, false
alarm, HE false alarm, LE false alarm) x 2
(Group: Concussion vs. No Concussion)
Analysis of Variance (ANOVA), with a = .05.
This was used to evaluate the main effects of
Item Type and Group and the interaction effect
between Item Type and Group.

2018

120) = 1.249, MSe = 0.051, p = 0.270. This
finding implies that the concussed and non-
concussed groups judged a similar proportion of
items found in the scenes to have been studied.

Finally, there was a significant
interaction between Item Type and Group, (F(3,
120) = 3.432, MSe = 0.024, p = 0.019). From
these findings, we first investigated the basis for
the Item Type main effect, regardless of group
distinction, with a series of paired samples
Bonferroni-adjusted  t-tests. With  four
comparisons, our adjusted alpha level was
0.0125.

80.00% 1

60.00%

p=0.641  p=0.013
40.00% - '

Percentage of
Responses

0.00% -

Alarm Alarm

p=0.517 Non-concussed

I
20.00% - -I i

HE False LE False  Control False Hit
Alarm

p=0.718

® Concussed

I 1

and non-concussed groups on LE False Alarm response rates.

Figure 3. Graph of Response Percentage by Item Type. P values included showing significant difference between concussed

Results

The purpose of this analysis was to
determine if there was any misinformation effect
present and also to examine if the group
distinction (concussion Vvs. no concussion)
impacted how the participants responded to the
four different item types.

The ANOVA revealed a significant
main effect of Item Type, (F(3,120) = 115.401,
MSe = 0.024, p < 0.01). This significant main
effect demonstrates that there was a significant
difference between the proportion of items that
were judged to have been studied across the
item types (HE, LE, Control, and Hit). There
was no significant main effect found between
the concussed and non-concussed groups, (F(3,

The t-tests showed that the hit rate (M = 0.641,
SE =0.021) was significantly greater than any of
the false alarm item rates, with the smallest
significance coming from the comparison of hit
rate to high expectancy false alarms (mean
difference = 0.290, SE = 0.037; ¢t(41) = -8.922, p
<0.001).

The paired samples t-tests revealed a
significant difference between the rate of control
false alarms (M = 0.025, SE = 0.007) and HE
false alarms (M = 0.290, SE = 0.037); #(41)= -
7.007, p < 0.001. There was also a significant
difference found between the rate of control
false alarms (M = 0.025, SE = 0.007) and LE
false alarms (M = 0.238, SE = 0.034); #(41) = -
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6.274, p < 0.001. These two tests establish
statistical evidence for the presence of a
misinformation effect as both high and low
expectancy items were chosen at a rate
significantly greater than the control items.

There was no significant difference
between the rate of HE false alarms (M = 0.290,
SE =0.037) and LE false alarms (M = 0.238, SE
=0.034); #(41)=1.465, p=0.151.

Concussions per Participant with a
Concussion History

15

# of Pparticipants

123456 7 8951011121314

# of Concussions

Figure 4. Graph of Concussions per Participant with a
Concussion History.

In order to understand the statistically
significant interaction between group and item
type, we compared the concussed and non-
concussed groups’ memory for the four item
types with independent samples t-tests. There
was no significant difference in the rate of hits
(M =0.633, SE =0.034; M = 0.648, SE = 0.025;
1(40) = -0.364, p = 0.718), high expectancy false
alarms (M = 0.309, SE = 0.052; M = 0.273, SE =
0.053; #40) = 0.470, p = 0.641), or control
false alarms (M = 0.021, SE = 0.010); (M =
0.029, SE = 0.008); #(40) = -0.654, p = 0.517
between the concussed and non-concussed
groups respectively. However, there was a
difference trending toward significance revealed
when examining the low expectancy false
alarms between groups. Individuals in the
concussion group (M = 0.151, SE = 0.038) were
found to have a lower rate of LE false alarms
than individuals without concussions (M =
0.317, SE = 0.050); #(40) = -2.613, p = 0.013.
This finding shows that individuals with a
concussion history were potentially less likely to
be susceptible to the misinformation effect when
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exposed to low expectancy items on a
recognition task.

Discussion

The findings from our study did not
support our original hypothesis that previously
concussed individuals would be more
susceptible to the misinformation effect. The
group of individuals in the concussed group,
who had experienced at least one concussive
episode, did not perform worse on any of our
memory measures, which suggests their
cognitive ability was similar to the non-
concussed group, or those individuals who had
never experienced a concussive episode.
Unexpectedly, the concussion group’s score on
the low-expectation contagion items was close
to significantly better than the non-concussed
group’s score. Thus, the concussed group was
potentially better at avoiding the misinformation
effect for contagion items that were unusual, but
plausible to the scene, than the non-concussed
group. Overall, these results suggest that
concussed individuals do not experience a
deficit in source monitoring after they have
recovered from being concussed.

Concussions have become an issue of
increasing concern recently because of the
studies that show the detrimental effects and the
prevalence of concussions in the sports realm.
Most studies display negative performance
outcomes when examining the effects of
concussions (Gronwall & Wrightson, 1981;
Guskiewicz et al., 2005; McKee & Daneshvar,
2015), but our results were able to present a
positive outlook. Because our results show no
significant difference between concussed and
non-concussed individuals for the
misinformation effect, it is possible that in the
long term, concussions may not be as
detrimental to our memory as previously
thought. Previously concussed participants may
be able to recover from the trauma and return to
a level of cognitive function similar to that of
before the concussive episode. While there is
relatively little research showing the lack of
long-term consequences, there are a few studies
that support our results.
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In Iverson and Brooks et al. (2006), 867
high school and collegiate athletes were given
tests that examined their verbal memory, visual
memory, reaction time, and processing speed.
The participants were separated into three
groups: individuals who had never suffered any
concussions, individuals who had suffered one
concussion, and individuals who had suffered
two concussions. There were no measurable
cumulative effects of the concussions for those
athletes (Iverson et al., 2004). An additional
study found that concussions caused significant
impairments in reaction time, processing speed,
and working memory capacity. After ten days
post injury, however, memory impairments
along with other deficiencies from concussions
were shown to resolve (Sim et al., 2008).

Terry et al. (2012) provides further
support for our results. In this study, individuals
performing different tasks were monitored
through neuropsychological assessment and
fMRI scanning. Individuals who had suffered
concussions were found to have slightly
different patterns of brain activation than their
non-concussed counterparts. However, this had
no significant effect on tests of reaction time and
Stroop tests which evaluate the effect of
interference on reaction time (Terry et al.,
2012). This led researchers to conclude that the
slight differences in brain activation patterns
found between the concussed and non-
concussed groups meant that those who were
concussed still possessed the ability to recover
their cognitive function, even with a different
brain activation pattern (Terry et. al, 2012). Our
study, in combination with these studies,
supports the idea that concussions may not have
substantial negative long-term effects on
cognition.

Other studies have highlighted the
potential for lingering effects from a history of
concussions.  Findings from Iverson et al.
(2004) revealed that young athletes who
sustained  multiple  concussions  reported
significantly more symptoms and demonstrated
a trend toward lower memory scores at a
baseline test.  This was suggestive of a
cumulative, lingering effect of multiple
concussions.

Tremblay et al. (2013) examined the
long-term effects of concussions on otherwise
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healthy athletes, 30 years after their last
concussive episode. Using neuroimaging, a
correlation was established between the
cognitive  deficits measured and the
neuroimaging findings in concussed
participants. This research revealed an episodic
memory decline in former athletes with
concussions,  highlighting  patterns  often
associated with abnormal aging.

A meta-analysis performed by Belanger
et al. (2010) examined the differences in delayed
memory and executive functioning performance
between individuals with a single concussion
and individuals with multiple concussions.
Multiple concussions were found to be
associated with poorer performance on both
measures, suggesting that the number of
concussions an individual sustained has a
significant impact on their level of cognitive
impairment.

[t appears that there is a general pattern
in previous literature that suggests multiple
concussions may cause more serious lingering
cognitive deficits. It is possible that because our
study utilized a majority of participants who had
only experienced a single concussion (60%,
refer to Figure 4 for further information), our
results failed to show that concussion history
produced performance deficits. In regards to
studies considering the long-term effects of
concussions on aging (Gronwall & Wrightson,
1981; Guskiewicz et al., 2005), our study was
limited to individuals who were in the 18-21 age
range so any direct comparison does not appear
appropriate.

Our results go beyond the findings of
previous studies by exhibiting potentially
superior performance on a memory distortion
task by concussed individuals when compared to
non-concussed individuals. The studies above
display an equal cognitive performance by both
concussed and non-concussed individuals, but
our findings show a difference that favorably
trends in the direction of the concussed
individuals. No previous studies have displayed
a result similar to this. It is difficult to explain
this phenomenon, but an answer could possibly
be found in the differences our study possesses
when compared to previous research.

One possible explanation of our results
was the subject group. All of our subjects came
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from Middlebury College. Several studies have
shown that exposure to higher education, or
specialized education beyond the level of high
school, alters the brain (Yen et al., 2004; Tun
and Lachman, 2008; Lachman et al., 2010). It
has been found that individuals who received a
higher education displayed more synaptic
connectivity in areas involved with memory,
language and neurogenesis (Kim et al., 2015). In
our study, the exposure to higher education for
the participants may have negated the possible
long-term effects of the concussions and
allowed them to do just as well, and in some
cases better, than the subjects who had never
been concussed before.

Another possibility for the results found
between concussed and  non-concussed
individuals in the low expectancy contagion
items could be attributed to the frequency of
testing that concussed individuals have
previously experienced. It is conceivable that the
non-concussed  participants  have  never
participated in more than the baseline memory
test administered to all athletes in order to gauge
their normal levels of performance in the event
of a concussion, while it is probable that
concussed athletes have had to go through a
series of memory tests to prove that their
concussive symptoms have subsided before
returning to their respective fields of play. If that
were the case, concussed athletes would have
more experience with memory tests. Through
this additional experience they could have had
an advantage in terms of the development of
strategies that enabled them to better monitor
their memories or distinguish between studied
and plausible, but non-studied, items. Because
of their familiarity with this style of testing, this
could be a possible explanation of our
statistically significant result of concussed
participants outperforming the non-concussed
participants.

Our results suggest that concussed and
non-concussed individuals do not always differ
in their susceptibility to the misinformation
effect. Although this is not the result we
expected, its implications are positive. It is
possible that concussed individuals are actually
less susceptible to the misinformation effect,
particularly when exposed to low-expectancy
contagion items. This suggests that individuals
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who have previously been concussed do not
necessarily suffer long-term consequences in
source monitoring tasks as well as potentially
different memory tasks.
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