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ABSTRACT

Functional magnetic resonance imaging (fMRI) has become an
invaluable tool in understanding the relationship between brain and
behavior. This technique has become particularly important in the
study of human social cognition. The current study focuses on the so-
cial cognitive judgment skills of late adolescents (ages 18 -21), and
seeks to investigate four specific aims. These aims include the follow-
ing: 1) To characterize the relationship of accuracy of responses and
reaction time while making social judgments: 2) To describe the rela-
tionship between response accuracy and social cognitive load: 3) To
identify the relationship between questions of increasing social cogni-
tive demand and reaction time; and 4) to identify the interaction be-
fween response time. accuracy, and increasing social cognitive load. A
secondary aim of this study is to complete an individualized functional
imaging analysis taking into consideration each participants' accuracy
and reaction time. This analysis will provide further insight into the
brain-behavior relationship in human social cognitive function. Behav-

ioral and imaging results of the present study will be reviewed.

INTRODUCTION

Social cognitive skills, such as the detection of sarcasm. the
expression of humility. and the sharing of the conversational burden,
are vital for successful social interactions with peers. especially during
adolescence when individuals are faced with increasingly complex

social interaction (Turksra 2000). The use of functional imaging tech-
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nology has allowed investigators to examine the neural
mechanisms responsible for social cognitive skills (Saxe
2006). Some of the brain regions identified as important
for social cognitive behaviors include the superior tem-
poral gyrus, anterior cingulate. fusiform gyrus. parahip-
pocampal gyrus, and inferior parietal lobe (Ciccia, et al.
2006).

The present study investigates the behavioral
effects of reaction time. accuracy, and level of social
cognitive load on the functional imaging methodology
currently used by Ciccia (2006) to study brain activation
patterns during social cognitive judgments in adoles-
cents. A secondary aim of this study focused on using
the results of the behavioral analysis to customize the
functional imaging analysis. Tailoring the functional
imaging analysis to each participant’s social decision
reaction time will allow for a more valid investigation of

the imaging results.

METHODS

Participants

All participants in this study met the following
inclusion criteria: 1) No history of neurological disease
or disorder (including acquired brain injury): 2) No his-
tory of learning or reading disability or gifted states: 3)
No history of claustrophobia; and 4) No metal in their
body (e.g.. pacemaker wiring). The participants ranged
in age from 18 fo 21 years. with a mean age of 19 years.
and included four male and four female participants.

A ftotal of fourteen participants completed the
study: however, only data from eight of these partici-

pants could be analyzed. Four participants could not

complete the study because of illness at the time of the
scan, one participant was removed from data analysis
because of clinical findings discovered when the file
was reviewed by a Radiologist, and another participant
was removed from data analysis because of equipment

malfunction during the functional imaging protocol.

Imaging Tasks and Behavioral Procedure

Tasks:

Participants were shown videos of different so-
cial conversation interactions that occurred between
adolescent actors (Turkstra, 2000). Conversations fo-
cused on topics that were identified by adolescents as
appropriate and likely to be brought up in normal con-
versation. These included topics such as after school
activities, classroom performance, friendships, and dat-
ing. Social conversational skills that were depicted in
these interactions included detection of sarcasm. expres-
sion of humility, and sharing conversational burden.

After watching each video. participants were
asked to make a series of social judgments of increasing
difficulty based on the interactions just viewed (Figure
1). The first social judgment, requiring minimal social
cognitive demand, was, “Is X interested?” (X referring
to a specific actor in the video clip). The participants
were then shown the same clip a second time and asked.
‘Does X get it [the meaning]?” This question required a
moderate amount of cognitive demand. After a final
showing of the video clip. the participants were asked
the high-level cognitive demand question, ‘Does Y think
that X gets it [the meaning]?” where Y refers to the sec-

ond actor in the conversation.

]
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Does HE get it?

Does SHE think HE gets it?

Is HE interested?

Figure 1: This figure shows video clips from the paradigm with the three questions used in the study. In this video, the
female character is trying to elicit sympathy and compassion from the male character by telling him that her dog died
this morning. The male character is not paying much attention to her or her story. The video was shown three times to
each participant, with one question being presented in this order after each video clip.

A total of three blocks, with five video vignettes
in each. were shown to the participants. Each of these
videos was shown three times within a block. Each
video and each block was followed by a period of rest of
either four or six seconds where the participant was pre-
sented with a blank screen. There was a sixteen second

break following the last question in each block. Figure 2

Procedure:

Informed consent was obtained and a practice
session was completed before the participants entered
the scanner. The practice session lasted one hour and
consisted of reviewing social rules and practicing the

video paradigm on a computer. The review of social

D = Decision Video Presentation Block
L1= Min demand L1 L2 L3
L2=Mod demand

L3=High demand Video

[T

4 6 8 10

D | Video

D | Rest

D | video

12 1416 18. ) 22242620 W 32, ..o 000209

Time (seconds)

Figure 2: Video Presentation Block. an example of the video design shown in this experiment. The participants were
shown a video example of a common social conversation. After viewing the video. the participants were asked to make a
series of social judgments. which were presented in an order of increasing difficulty. The participants saw each video

clip three times, each time followed by a different question. There were five individual video clips in each block.

depicts the paradigm design for each block, including
rests. Each video clip, including decision making time,
equaled a tofal of ten seconds. Following each clip. the
participants had a three second window to give a re-
sponse, although it was possible for them to give a re-
sponse even after the next video had started. Each block

took a total of 3:06 minutes.

rules included questions such as: “What makes a good/
bad communication partner? What makes a conversation
go well? How do you know?”

The functional imaging protocol took place at
the Cleveland Clinic Foundation and was completed
within 48 hours of the practice session. Prior to begin-

ning the functional imaging protocol, the video para-
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digm was practiced outside the scanner for a second
time and the imaging technician answered any questions
the participant’s may have had about the scanner.

Aside from watching the video paradigm. the
participants were also required to make behavioral re-
sponses according to their social judgments. Participant
responses were collected using SDT virtual reality data
gloves. The gloves were placed over the hands of the
participants, who would then make minimal hand move-
ments to register their response. The participants were
instructed to move their left hand to indicate “no” and
their right hand to indicate “yes”. The participants were
given the opportunity to practice this response pattern,
with the gloves on. prior to completing the video proto-
col in the scanner and again between video block pres-
entations.

To ensure the comfort and safety of participants
during the fMRI protocol, time in the scanner was lim-
ited to one hour and a foam pad was placed under each
persons” head and knees. Additionally, participants were
in constant contact with the researchers via an audio sys-
tem that allowed researchers to hear the participants at
all times. Participants were also given a “panic button”
which would alert the research staff of any type of emer-
gency. Each participant removed any metal from their

bodies (e.g. earrings) prior to entering the scanning area.

Data and Image Acquisition

Data for this study was acquired using a 3T Sie-
mens Allegra MRI scanner located at the Cleveland
Clinic Foundation. The video paradigm was presented
via back-projection and a mirror was fixed to the head-

coil in the scanner and was in line with the participants’

field of vision. The trigger for the video paradigm was
coordinated with data acquisition from the fMRI scanner
through MATLABA software. The behavioral responses
captured using the SDT virtual reality gloves were coded
and were reviewed by an independent member of the
study at a later date.

The imaging protocol consisted of the follow-
ing: Anatomic scans consisted of 3D Whole brain T1:T1
-weighted inversion recovery turboflash (MPRAGE),
120 axial slices, thickness 1.2mm. Field-of-view (FOV)
256mm x 256mm , TUTE/TR =1900/1.71/900ms, flip
angle (FA) 80° matrix 256 x 128, receiver bandwidth
(BW) = 32kHz. Imaging for the fMRI activation study:
101 EPI volumes of 32 interleaved axial slices were ac-
quired using a prospective motion-controlled. gradient
recalled echo. echoplanar acquisition (Thesen et al.,
2000) with TE/TR/flip=39ms/2s/90°, matrix=64x64,
256mm x 256mm FOV; BW = 125 kHz.

Imaging Data Analysis

Imaging data were processed and analyzed us-
ing Statistical Parametric Mapping (SPMS5) software
developed by the Wellcome Department of Imaging
Neuroscience at the University College in London
(http://www fil.ion.ucl.ac.uk/spm/software/spm5). Pre-
processing analysis of the data included: slice timing
correction, realignment and unwarping, co-registration,
normalization to the MNI T1 template (Montreal Neuro-
logical Institute), and smoothing with a 6 mm isotropic
Gaussian kernel. These preprocessing steps allow SPM
to combine the functional and structural imaging data
into a single image for analysis. Realigning takes all of

the separate imaging files and puts them info the soft-
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ware program in the order in which they were taken.
This process was completed for the structural imaging
scans and the functional imaging scans separately. An-
other preprocessing step., spatial normalization, takes
info account the normal variation in individuals head
size. The images were then smoothed to accommodate
differences in individual brain structures and prospective
motion correction was used as a primary method to deal
with participant movement within the scanner. Follow-
ing this. grey-matter segmented and smoothed
MPRAGE images were combined with mean EPI im-
ages averaged across subjects to create a single union
image. Individual subject data were analyzed in a fixed
effects model with the Canonical HRF as basis func-
tions. The six realignment parameters (3 rotations and
3translations) were included as repressors. SPM identi-
fies functionally activated coordinates and indicates
cluster size. Significant cluster size was defined as 54
voxels or greater. The completion of these tasks allowed
for a clear overlay of the functional imaging data over
the structural data and the identification of activation in
pre-specified regions of interest (Frackowiak, Friston,

Frith. Dolan. Price, Zeki, Ashburner, & Penny, 2004).

Standardized Group Imaging Analysis

Ciccia and colleagues (2006) previous analysis
of the group data looked at the brain activation patterns
that persisted across all study participants. To analyze
the group data, a single reaction time decision point was
identified each social judgment. The ten second time
point was selected because a preliminary inspection of
the behavioral data indicated many participants regis-

tered their decisions at the ten-second mark. This data

was then looked at in two ways: as a group image
(where the 10 second decision points for all of the par-
ticipants were averaged together), or as individuals
(each individual participant’s activation using the same
ten second marker as the decision point). Activation pat-
terns where then compared according to question diffi-
culty to discover which brain areas are activated by dif-

ferent levels of social judgments (Ciccia. 2006).

Individual Imaging Analysis

The image analysis for the present study consid-
ered each participants brain activation patterns rather
than grouped results as discussed by Ciccia and col-
leagues (2006). Although many of the decision points
fell on the ten second mark, the actual variability in re-
action times varied from in from 7.85 seconds to 12.05
seconds. The exact second of response was pinpointed
from the behavioral glove response data. This temporal
information was used to individualize the functional im-
aging analysis in SPM. These scans were then divided
up into groups that correlated to question difficulty (i.e.
all of the response times for the firsts question, ‘Is X
interested?’ were put info one group, etc.) and these
groups were compared against each other in order to
find to activation effects that were specific to each ques-
tion set. In other words, by subtracting out the activa-
tions caused by the simplest question (Is X interested?)
from the activations caused by the most difficult ques-
tion (Does Y think that X gets the meaning?) the areas
of the brain used solely for the most difficult question
become highlighted. The subtraction method allows re-
searchers to see what brain areas are activated as adoles-

cents are faced with more challenging social judgments.

50)
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The results from the customized individual analysis
completed for this study were then compared to the indi-
vidual analysis previously conducted by Ciccia and col-
leagues (2006) that used a standardized 10 second deci-

sion time.

Behavioral Data Analysis

The behavioral data analysis focused on the re-
sponses that the participants made while answering the
social questions during the functional imaging protocol.
The laser gloves allowed the computer software
(MATLAB) to register each response as yes or no and to
register the reaction time for each decision. Data for re-
action time and yes/no responses were organized by sub-
ject, question type, block order, and accuracy in a way
that was appropriate for statistical analysis. Researchers
in the lab identified correct and incorrect answers based
on agreed upon criteria. Each participant’s responses
were then coded as correct or incorrect and the data was
entered into SPSSa statistical software (http://
www.spss.com) to complete an analysis of the specific
aims of this study which included: 1) the relationship of
reaction time to response accuracy (correct and incorrect
answers): 2) the relationship between reaction time and
question type: 3) the relationship between accuracy and
question type: 3)and the interactions between accuracy.,

question type, and reaction time.

RESULTS

Behavioral Data

It was first determined that all participants com-
pleted all three blocks. Only one participant failed to
make social judgments (i.e. not giving a response when
prompted with the questions) during the paradigm. This
same participant also remained undecided on four re-
sponses (by moving both hands in response to a ques-
tion, thus answering both yes and no). Since these six
responses all occurred for the same participant and dur-
ing the same block, results from that block were dis-
carded. It was also noted that for the last participant re-
sponse in each of the blocks was not collected by MAT-
LAB. This left only fourteen question responses per
block for analysis, resulting in a loss of twenty four re-
sponses of questions of type three. The information
gleaned from the behavioral response data (reaction
time. accuracy. and question type) were run though
SPSS in order to determine main effects and the interac-

tion effects these three variables.

Accuracy vs. Reaction Time vs. Question Type

The relationships between these three variables
are very complex. These relationships are illustrated in
Figure 3. The first thing to note is that the reaction time
of all question one responses (both correct and incorrect)
have a faster reaction time then questions of type two
and type three. The response times of questions of type
three appear slightly faster then those of type two. The
second thing to note is that the reaction times of the cor-
rect responses are faster then the reaction times for in-
correct responses. It is also of interest to note that there

seems to be more variation in reaction times for incor-
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rect answers as compared to correct answers.

A relationship that is not represented in this fig-
ure but what was clear in the dafa is that there were
more correct responses then incorrect responses. Over-
all. there were 243 correct answers, 87 incorrect an-
swers, and six undecided or null responses. Of these,
questions of type one had the most correct responses.
followed by questions of type two followed by questions
of type three. Questions of type two had the most incor-

rect responses, with the number of incorrect responses

Accuracy vs. Question Type

Overall, there were 92 correct responses, 24 in-
correct responses, and four null or undecided responses
for questions of type one. There were 81 correct, 38 in-
correct, and one null or undecided response for ques-
tions of type two. and there were 70 correct, 25 incor-
rect, and one null or undecided response for question
three (not including the 24 missing question three re-

sponses). This data can be seen in Figure 4. Overall, it

Reaction Times and Response Accuracy for all Question Types

10.5

Reaction Time (s)

9.5 1

1 2

Question Number

[ Correct responses
M Incorrect responses

Figure 3: This figure shows the interaction between response time and accuracy across all question blocks. This data
demonstrates that Questions of type one had a much faster reaction time then questions of type two and type three. Ques-
tions of type two had the slowest response followed closely by questions of type three. This data also shows that correct

answers have a faster reaction time then incorrect answers.

being roughly the same for questions of type one and
questions of type three. A MANOVA was run with all
of the variables to determine the relationships between
reaction time, accuracy, and question type. This test de-
termined that there was a significant main effect for the
relationship between these three variables (p = .000 for
all variables). Additional post-hoc testing and testing of
between subject effects revealed additional information
about the nature of these relationships, which are dis-

cussed further in this section.

does not appear that question type has any real effect on
accuracy. Questions of type one had the most correct
responses, followed by questions of type two and then
types three. Using SPSS. it was determined that that the
relationship between accuracy and question type is not
statistically significant. This was true across all question
types (Tukey HSD P = .897. .897. and 1.000: LSD p
= .661, .661. and 1.000 for Q1 Q2. Q3. and Q1. Q2. Q3

respectively).

D
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Number of Responses for different question types

100

80+

60 o

40

Number of Responses

20

1 2
Question Type

@ Correct responses
M Incorrect responses
O Other {undecided/NR)

Figure 4: This figure shows the number of correct and incorrect responses per question type. These results demonstrate
that correct responses were much more prevalent then incorrect responses. “Other” responses include answers where the
participants or replied with both ‘yes” and ‘no” responses. The data indicated that questions that required a low social
cognitive load had more correct answers then questions which required a higher social cognitive load. This data is

skewed by the missing data in two of the question sets.

Question Type vs. Response Time

The mean reaction time for each block was 10
seconds (10.05s = 0.6s, 10.07s = 0.57s. and 10.03s +
0.67s for blocks 1. 2, and 3 respectively) and the overall
response time was 10.05s + 0.60s. This gives credence
to the decision to use 10 seconds as an average response
time for the analysis previously conducted by Ciccia and
colleagues (2006). It is also important to note that the
response times did not change over the course of the
study. Having the same response time over all three
blocks indicates that the participants were not getting
faster or slower as the study progressed. Separating the
responses by question type. it becomes clear that reac-
tion time varies by changes in social cognitive load.
Specifically, the data indicates that question type ones
had a faster reaction time then either questions two or
three. As Figure 5 indicates. this difference in reaction
fime seems to be restricted to question one versus ques-
fion types two and three, and there does not appear to be

any difference in reaction time between questions of

type two and type three.

The mean reaction time for question type ones
over all blocks is 9.54s + 0.71s. This is appreciably
lower then the mean reactions times of questions of type
two and three (10.32s = 0.29s and 10.36s + 0.18s respec-
tively) and could mean that the actual time of response
for questions of type one could be located in the scan
before the one that was looked at in the group data. The
differences in reaction times can be clearly seen in Fig-
ure 6. It is also of note in this figure that the first ques-
tions asked in each block have a slower reaction time
then any other question type one in the study. In fact, the
reaction time of this first question is often higher then
those of the other question types.

The relationship between question type and re-
sponse time was determined in post-hoc testing. It was
determined that there was a significant difference (p
=.000) for Question 1 as compared to questions two and
questions three. No significant difference was found

between response times for questions two and three

VOLUME 2. 2007
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Reaction Time for all Responses

w
— 104 —e— Block 1
= = Block 2
94 Block 3
8 -
7+
6 T T T T T T T T

T T T T T
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Question Number

Figure 5: This graph shows the average reaction times for questions during the three blocks. This data indicates that, on
average. questions of type one had a faster reaction time. This was true across all blocks. This data also indicates that
questions of type two and type three similar reaction times.

Differences in Response Times for Different Question Types

115 q
11 o

e

109

#— Question Type 1
#i— Question Type 2
—&— Question Type 3

RT (s)

9.5

B.5

o 1 2 3 4 5 6 7 8 9 10 11 1z 13 14 15

Question Number

Figure 6: This figure shows the response times for different question types. Questions of type one (representing ques-
tions requiring the lowest social cognitive load) had the fastest response time of any of the questions. Questions of type
two and of type three (representing moderate and high social cognitive load) have about the same reaction times.
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Response Time vs. Accuracy

Further analysis of the behavioral glove re-
sponse data showed that participants made correct social
judgments faster then they made incorrect social judg-
ments. The mean reaction time for correct answers was
9.97s £ 0.23s while the mean reaction time for incorrect
answers was10.23s = 0.47s. These results are shown in
figure 7.

This find-

changes over time. Originally. correct and incorrect an-
swers have about the same reaction time, with correct
responses (m = 10.09s £ 0.43s) taking slightly longer
then incorrect answers (m = 10.00s + 0.68s). During the
second block, the response times for correct and incor-
rect answers become nearly identical, with the response
times of the incorrect answers (m = 10.11s = 0.56s) in-
creasing and the response times of the correct answers
(m = 10.09s £ 0.53s) decreasing slightly. By the third

block. the reaction

Reaction Times for Correct and Incorrect Answers

times of the incorrect

ing  demonstrates
11

that the response

time of the partici- 105 4
pant to the social g
. o F ool
stimuli was highly 5
5]
dependant on the 2
9.5

participants’” accu-

racy on the task. A

t-test showed there

answers (m = 10.23s
= 0.41s) has contin-

ued to increase while

@ Correct responses
B Incorrect responses

the reaction times of

the correct answers

(m = 9.84s = 0.63s)

has decreased. The

end result is that the

to be a significant

difference in reac-

Figure 7: This figure shows the average reaction times for cor-
rect and incorrect answers. The data indicates that correct an-

response times of

incorrect answers

swers had a faster reaction time then the incorrect answers. The

fion time for cor-
rect and incorrect
answers, t(286). P
= .000: t(87), P =.000. It is also of interest to note the
differences in the variances between the correct and in-
correct reaction times. While correct responses took
roughly the same time across all blocks, incorrect re-
sponse times had a greater variation. This is particularly
clear in Figure 8. These figures are also important in that
they illustrate that participants were neither getting more
accurate or inaccurate as the study progressed.

Another interesting item to note about the rela-

tionship between response time and accuracy is how it

data also indicates that incorrect answers had a wider variation
of responses as compared to the correct responses. while the reaction

increase over time,

fimes of correct an-
swers decrease over time. This data can be seen in figure

9.

Imaging Analysis

The imaging analysis previously completed by
Ciccia and colleagues (2006) identified the following
areas to have significant areas of activation during tasks
of high social cognitive demand (represented by ques-

tions of type three) as compared to tasks of minimal so-

VOLUME 2. 2007 \

(n



Reaction Times for Correct Responses

11

10 1

[ Block one correct
M Block two correct
[ Block three correct

Reaction Time (s)
-]
|

246 247 250 252 254 255 270 283

Participant Number

Reaction Times for Incorrect Responses

12
114

10 4 }
9 [ Block one incorrect

M Block two incorrect
O Block three incorrect

Reaction Time (s)

246 247 250 252 254 255 270 283
Participant Number

Figure 8: a) This section of the figure shows the reaction times for correct answers for all participants across all blocks.
b) This section of the figure shows the reaction times for incorrect reaction times for all participants across all blocks.
These figures demonstrate that correct answers had a faster reaction time then incorrect answers. The data also indicates
that there was greater variability of reaction times for incorrect answers then there was for correct answers.
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cial cognitive demand (represented by

Reaction Time and Response Accuracy Over Time

questions of type one) included: the 1
left superior temporal gyrus (BA 22).
the left anterior cingulated gyrus (BA 1054
32), the left fusiform gyrus (BA 37),

-
o
1

the right parahippocampal gyrus (BA

Reaction Time (s)

19), and the right inferior parietal lob-
ule (BA 40). These results can be
found in Table 1 and Figure 10.

9.5

—— Correct responses
—— Incorrect responses

Significant areas of activation 0

T T T
1 2 3 4

Block Number

during tasks of high social cognitive
demand (represented by questions of type three) as com-
pared to tasks of moderate cognitive demands
(represented by questions of type two) include the fol-
lowing a priori regions: the left fusiform gyrus (BA 37).
the left inferior parietal lobule (BA 40). the right ante-
rior cingulated gyrus (BA 24). and the right inferior pa-
rietal lobule (BA 40). These results can be seen in Table
2 and Figure 11.

There were no significant areas of activation
identified for the tasks of moderate social cognitive de-
mand ( represented by the questions of type two) as
compared to tasks of a minimal cognitive demand
(represented by questions of type one).

The imaging analysis completed for the present
study yielded different results from those found by Cic-
cia and colleagues (2006). In the analysis for the present
study. the scans representing the actual decision times
were compiled and input into the SPM software. The
most accurate and most inaccurate participants data
were analyzed. These analyses demonstrate that there is
a difference in activation between these two methodolo-
gies. Figure 12 demonstrates these drastic differences

between the two methodologies.

Figure 9: This figure demonstrates the reaction times of
correct and incorrect answers over time (across blocks).
In the first block, correct answers took slightly longer to
answer then incorrect answers. In the middle block. cor-
rect answers take about the same amount of time, with
incorrect answers taking slightly longer to answer. By
the third block, the incorrect answers take an apprecia-
bly longer amount of time to answers then correct an-
swers. Overall, there is an inverse relationship between
reaction time and accuracy and as time goes on it takes
less time for participants to answer questions correctly.

The top left image in the figure shows the re-
sults the most accurate participant, from the individual
analysis using exact reaction times. The top right image
shows the results for the most accurate participant from
the Ciccia et al (2006) analysis. The bottom left image
shows the results for the most inaccurate participant
from the individual analysis using exact reaction times.
The bottom right image shows the results for the most
inaccurate participant from Ciccia’s (2006) data. It is
clear from these four images that it makes a difference
whether or not the exact reaction time points are used in

an imaging analysis.
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Resion BA|X | ¥ | Z|Clstersize | T value
L superortemporal | 22 |50 4 | 7 638 13.48
Qynus

M dorsal anterior 2413620 1282 1118
cinqulate

R superior temporal | 21 | 44 | -2 |10 618 964
gyrnusisulcus

R paranppocampal | 19 | 20 |45 -6 922 818
Qynus

_ fusiform gyrus Ell 5 I 775 776
R infierior parieta 0 |61 |-25) 29 308 642
obule

Table 1: This table shows the areas of activation during
tasks of high cognitive demand as compared to tasks of

low cognitive

L FuG

RIPL - I‘IQ‘\' Infedor pariesal iobue
R ETS = night sugenor temporal sulcus
3TG = left superior t2mpcral gyrus
right paahippocampal Jyrus
C = media goral antzrior cinguiate corey
L "uG = left fusifcrm gyrus

Figure 10: This figure shows the areas of activation
during tasks of high social cognitive demand as com-
pared to tasks of moderate cognitive demand. These

images were m

Region BA| X | Y | Z |Clustersize | T-value
R inferior 40 [ 61 |-31) 37 550 1445
panetal lobule

R ventral 44 13413 3073 14.06
anterior

cinqulate

Lfusiformgyrus | 37 | -30 | 45 |-16| 6246 1287
R insula 13 ]34 -14] 542 202
L superior 7 |-30|-48 )54 365 754
panetal lobule

Table 2: This graph shows the areas of activation
during a task of high cognitive demand as com-
pared to tasks of low cognitive demand. These im-
ages were made using the traditional 10s time point
as an average decision time.

RvACC

R IPL = right Inferior parietal lobule
§ L SPL = left superior parietal lobule
‘ R vACC = right ventral anterior cingulate
L FuG = left fusiform gyrus

Figure 11: This graph shows the areas of activation
during a task of high cognitive demand as compared to
tasks of low cognitive demand. These images were
made using the traditional 10s time point as an average
decision time.
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DISCUSSION

The results of this study supported the
relationship between accuracy, reaction time
and question type when analyzing behavioral
responses of adolescents when making social
decisions. Specifically. the analysis reveled
that participants made correct social judg-
ments faster then they made incorrect social
judgments and that reaction time was signifi-
cantly related to question type. with ques-
tions with lower social cognitive load taking
less time than more difficult social cognitive
questions.

The results of this study showed that the
number of correct answers decreased over time. These
decreasing correct answers could represent the effects of
increasing the social cognitive load. This result may
have been impacted by the loss of answers from ques-
tions of type three when question number 15 from each
block from the study was lost because of a software
problem with MATLAB. The results also could have
been affected by missing data from all stimuli in block
two from one the participants. Additionally. results may
have also been skewed slightly by the difference in the
number of correct versus incorrect answers. There were
significantly more correct responses then there were in-
correct responses. However, this result is not surprising,
as this study employed a test of normal social interac-
tion. and called upon a sample of participants with no
history of social problems or deficits.

Correct responses took significantly less time to an-
swer then incorrect responses. It is very interesting that

note only did participants take a longer to answer incor-

Figure 12: This figure shows the differences between the
two methodologies. The images on the left were created us-
ing the exact reaction time methodology. The images on the
right are those created by the original 10s method used by
Ciccia and colleagues (2006). The images represent the
same decisions, and should be the same if the two methods
were equal. The top two images come from the most accu-
rate participant and the bottom two images come from the
most inaccurate participant.

rectly, but their increase in amount of time does not ap-
pear to have improved their accuracy. There are many
reasons why this could have occurred. The first is that
the participants either knew the answer, or they did not,
right away. When they knew the answer immediately.
they did not have to put any thought into generating
their response. When they did not know the answer, they
may have had to slowly work through the question and
wound up getting it wrong regardless of their increasing
in time spent considering their response. Inaccurate an-

swers could have also taken longer because the partici-
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pants were thinking about them harder. Additional
analysis of the situation could lead them to both longer
reaction times and incorrect answers.

Theoretically, it is not surprising that questions of
type one took the shortest amount of time to answer.
However, it was a surprising finding that questions of
type two and type three took almost the same amount of
time. The third question was hypothesized to be the
most difficult in the set and required the greatest amount
of cognitive load. therefore would take the longest
amount of time. This was not the case. It could be that
the third question was not as difficult as the researchers
intended. It could also be that eventually all difficult
social questions reach an asymptote and wind up taking
similar amounts of time. Even though questions of type
one took the least amount of time, the first question of
type one in each block took the same amount of time. or
longer, then questions of type two or three. It has been
hypothesized that, due to the time break in-between the
blocks and the practice sessions that occur between
them, restarting the block means that the participants
need to readjust their internal timing to the paradigm.
and that results in participants taking longer to answer
the first question in each block. By the second question
in each block. the participants seem to readjust to mak-
ing the required social judgments.

The results of the behavioral data analysis were used
to analyze the functional imaging data of the most accu-
rate and the most innacurate participants. This portion of
the analysis was conducted to identify differences in
patterns of brain activation when individual response
patterns were used as the foundation of the analysis as
opposed to a group mean reaction time. As can be seen

in the data, the use of individualized response times in

the imaging analysis did alter the results of the func-
tional imaging analysis. It should be noted at this point
that for the original analysis, summing the data may
have produced the best results. Choosing this average
decision was helpful in that is allowed researchers to
average the data and to look at it as a whole. instead of
looking through each individual participant. This current
research demonstrates that although a standard response
time can be applied as a framework to conduct the func-
tional imaging analysis, it does not take into account the
individual variation in performance, both in terms of
accuracy and response time, which is important to en-
sure valid interpretation of imaging findings. Taken to-
gether, these results have important implications for
modifications in the functional imaging paradigm used
to study social cognition using Ciccia’s (2006) current
protocol.

It is important to note that there were many
limitations in this study. including missing data for
twenty-four responses to questions of type three due to
problems with the response gloves. Because of the miss-
ing data. any trends that might have existed specifically
for questions of type three may have been skewed. In
addition to this, the responses of a singular participant to
question block two had to be removed from the study
due to inappropriate responses (i.e. failing to answer a
question or answering both ‘yes’ and ‘no’). Although
the information with the VR gloves was accurate enough
for this study. the next study will change to a button re-
sponse box. The researchers believe that this will be
more successful within this study for a number of rea-
sons. The first is that a butfon-pressing response para-
digm is more natural., and might require less training and

concentration then just moving a finger. The use of the
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response box could lead to fewer instances of undecided
(answering both yes and no) answers. The response box
also allows for more rigorous accounting of reaction
time. Unlike the present system. where a movement of a
gloved hand causes a waveform pattern which indicates
the moment of response on a continuous time scale, the
button system would log the exact time of the response
(reducing the time required to go to the waveform image
and manually note the response time). This would give a
more accurate account of response time, and. since the
system is disabled after a participant responds to a ques-
tion set, there would be fewer instances of undecided
responses.

Although the methodology of the original study
worked well, this research demonstrates that more speci-
ficity is needed when it comes to social cognitive func-
tional imaging analysis. The next step in this study will

be to do a full analysis of the imaging data taking indi-

vidual reaction time and accuracy into account and using
the individual analysis to conduct a group data analysis.
In addition, the improvements in the current paradigm
will allow for application of this paradigm with an ado-
lescent clinical population that has know social cogni-
tive deficits, such as Autism or Asperger’s syndrome.
The results of the present study will help shape
continued work in this lab in the areas of methodologi-
cal improvement, in-depth comparative behavioral and
imaging data analysis, consideration of developmental
effects on neural activation. and applications to a variety
of clinical populations with social cognitive deficits.
Specifically. the lab hopes to due an individual-based
functional imaging analysis on the effects of accuracy
on individuals region of interest activation. The lab also
plans to study inactivation in the group data as well as in

the individual data.
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