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Description

Effectively evaluating visualization techniques and their properties Is a difficult task often assessed through feedback from user studies and
expert evaluations. We present an alternative approach to visualization evaluation in which brain activity Is passively recorded using electro-
encephalography (EEG). These measurements are used to compare different visualization techniques in terms of the burden they place on
a viewer’s cognitive resources. In this work, EEG signals and response times are recorded while users interpret different representations of
data distributions. This information is processed to provide insight into the cognitive load imposed on the viewer. This work describes the
design of the user studies performed, the extraction of cognitive load measures from EEG data, the visualization of raw EEG data and their
derived products as well as how those measures are used to quantitatively evaluate the effectiveness of visualizations.
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VHOVRUV RI DQ ((* QHWZRUN DUH UHSUHVHQWHG DORQJ ZLWK
ciating a property of each EEG signal with its sensor location, data can be interpolated onto the
EUDLQ VXUIDFH JLYHQ E\ WKH 05, +HUH ZH VHH DOSKD EDC
across all sensors and the cortical surface at three different times. In this way, the progression

of specific brain activity can be seen as it evolves during an experiment.
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We have completed a study investigating the EEG data for our study of box plot visual- A study is underway to examine the cognitive properties
cognitive differences associated with visualiza- Ization IS processed to extract cognitive of determining spatial orientation in virtual environments.
tion of distribution data as box plots (Anderson measures used in analysis. Here, each trial KLV LV D YDOLGDWLRQ RI WKH *XLOIRUG =LPPHUPDQ 2ULHQWDWLRQ
et al). To explore this, EEG data was collected IS processed separately. After data acquisi- 6XUYH\ SHUIRUPHG LQ *XLOIRUG HW DO ,Q WKLV H[SHUL
as participants determined which of two dis- tion (top), each EEG signhal is processed ment, users were presented with images such as this and
played datasets had the highest variance. Each XVLQJ WKH 6 7UDQVIRUP -6W ReérélaskedtO deldrRing /QIdd bf the smaller images rep-
pair of distributions were represented by one of ate a time-frequency plane (middle). These resented the correct change in orientation. Although this
the above box plots. Additionally, because the planes are then reduced to represent the test has been validated numerous times, we seek to ask a
distribution data were generated with well- change in power seen in small frequency VOLJKWO\ GLINHUHQW TXHVWLRQ GXULQJ DQDO\VLYV 'RHVY WKH VL]H
Known parameters, a difficulty score was calcu- bands and spatially weighted to generate a of computer screen users use make this type of task more
e ramertos o the G 1y o S G et o). TS et 9LVXDOLILQ) DQG DQDOVLQ) (- GDWD LY. D ERPSOHI WDVN UF
: . ! . . . . DQG PDQ\ PHWKRGV WHVWHG /KH 9LV7UDLOYVY HQYLURQPHQW
the representation of it, allowed a correlation to IS then compared against baseline values | ide a visual environment to process and visualize these data (left.right). but it also main-
be made between the difficulty of the task, the to determine cognitive measures associ- Oty Provit P : 9Ny, .
visual representation of data. and the cognitive ated with the specific task. tains detalled provenance of the process used to generate any given result (middle). This aspect
RI 9LV7UDLOV PDNHV LW LQYDOXDEOH LQ H[SHULPHQWDO DQD!

properties determined during analysis.
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" 7TKH *XLOIRUG =LPPHUPDQ $SWLWXGH 6XUYH\ *XLOIRUG - 3 =LPPHUPDQ :D\QH 6 -RXURQDQURVISSPKHAUBABVHEWBEEIKHIROKDY EHMHHEQ SDUWLDOO\ VXSSRUWHG E\ Wi

" $ 8VHU 6WXG\ Rl 9LVXDOL]DWLRQ (IIHFWLYHQHVYV 8VLQJ ((* DQG &RJQLWLYH /RDG ( : $EOQFLHIV RIS &(7&D QBWBNMH UF H/Q \(V HODW J|H/DKH J)D B HRSIOHUGFEH®RFH YRXQGDWLRQ
BUHVWRQ & 6LOYD &RPSXWHU *UDSKLFV )RUXP >3URF RI ,((( (XUR*UDSKLFV 6\PSRVLXP RQ RUIWXDOL]DWLIRQ (XURBLYV @ ., 6 2 & ( 2,6 ( WKH 'HS

" $ EDVLV IRU HIILFLHQW UHSUHVHQWDWLRQ RI WKH 6 WUDQVIRUP 5 * 6WRFNZHOO 'LJL{VOMHQ b\L BP0 BOD REPMIMVMAL@QIO /DERUDWRBHLHY /RV $ODPRV 1DWLRQDO /DERUD\
DQG D 8QLYHUVLW\ RI 8WDK 6HHG *UDQW
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