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ABSTRACT

Horizontal displays are emerging as a standardopfatfor
engaging participants in collaborative tasks. &itd known
about how groups of people view visualizations hese
collaborative settings. Several techniques haven hwe-
posed to assist, such as duplicating or reorierttingvisual
displays. However, when visualizations competepiaels
on the display, prior solutions do not work effeety. We
first ran an experiment to identify whether origiaia on
horizontal displays impacts the legibility of siraplisuali-
zations such as charts. The results reveal thas ase best
at reading a chart when it is the right side ugingthem
20% less time to read than when it is upside dolims
insight led us to develop th@rientation Agnostic Graph
(OA-Graph) making use of a radial layout designed to be
legible regardless of orientation. In a second grpent we
found that users can read OA-Graphs better tham e
graphs are upside down but less well than traditignaphs
in the right side up. The design of our novel vimadion,
informed by radial visualization methods will asslssign-
ers in developing charts that are not easily affidty user
orientation, an issue that is prevalent in collatige table-
top systems. Certain tasks such as observingweldiffer-
ences can benefit from OA-Graphs.

ACM Classification: H5.2 [Information interfaces and
presentation]: User Interface<sraphical user interfaces.

General terms: Design Human Factors, Experimentation,
Theory.

Keywords: View perspectives,
graphs, information visualization.

INTRODUCTION

Tabletop displays take advantage of flat surfaces sis a
table or desk to provide an effective platform doflabora-
tion. Researchers have developed techniques agrdaicgs
to support and assist the collaboration procegsihbietop

tabletops, orientation
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environments [9,11,12,16,17,22]. In face-to-fac#irsgs,
collaboration involves sharing information placed the
tabletop surface including objects, documentsupést, and
charts. Due to the nature of face-to-face cooperatiork
on tabletop surfaces, orientation and view perspedan-
not be neglected [8,9]. For a single user at atapl orien-
tation may not be a crucial problem. Objects cardize
played and adjusted toward the user. However, foufs
of users gathered around a tabletop, object otientde-
comes critical. In such a setting, users do noteshacom-
mon perspective of the displayed information. ladigheir
perspective is strongly correlated with their lomataround
the tabletop. Since users will be viewing the infation
from different positions, the information will befférently
perceived. Figure 1 shows an example of such at&itu

Figure 1: The user on the left views the chart in the
right direction. The user on the right side of the ta-
bletop views the chart up-side-down. Different view-
ing orientations negatively impact graph legibility
which we have addressed with our proposed Orien-
tation Agnostic Graphs.

The visual representation of information is a kagtér that
plays an important role in the perception, and nemecifi-
cally, the readability performance of participant¥hen
viewed on a tabletop, commonly used and popularaliis
zations such as charts are unidirectional, meathiagonly
one person will see the object in the right vievarMatten-
tion to techniques for migrating standard visugresenta-
tions for data on a traditional desktop to a talgeis re-
quired. Designers need to consider the challengasvied
in working collaboratively in tabletop environmentdien
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developing interfaces and displays for charts. interfaces
provided and the representations of data have pooap-
ately consider scenarios for single user or mutipker
views.

Our goal was to investigate the orientation effadftpar-
ticular objects such as charts in a tabletop getiide ex-
amined charts that have been used widely in manyram
applications and that would typically benefit framollabo-
rative input. Results of a first experiment sugdbat graph
orientation can negatively impact the readabilitycbarts.
Based on this result we introduce thiéentation agnostic

graph (OA-Graph)as an alternative presentation for charts.

The design of the OA-Graph is inspired by radialmeiiza-
tions and is targeted at improving the legibility aharts

across different orientations. In a second exparinvee

compare OA-Graphs against traditional chart remtese
tions. Our results demonstrate that the radial giedin-

proves legibility over upside down graphs partidyldor

tasks selected here, such as observing relatiVerelices
between parts of a chart.

In the next section, we describe how researchers hd-
dressed orientation issues and categorize theuticos.
Next, we explain our experimental design. We boitdour
results to design the OA-Graph and report restlnoex-
periment designed to evaluate OA-Graph visualirativ'e
summarize by introducing an implementation of Ofa@r
interaction techniques as well as transforming edéfit
types of charts into OA-Graphs. Our work contrilsutie the
intricate understanding of the effect of chart otédion in
collaborative settings among users.

RELATED WORK
Several design guidelines for co-located tabletwifabora-

tion have been offered through a number of studies

[7,14,16,25]. With respect to orientation, tableboferfaces
have to support different kinds of activities willexible
user interaction from a variety of positions arotinel table.
One of many common practices designed to reducefthe
fect of orientation is to use manual and/or autechatbject
rotation [14]. As a result, a number of technighage been
developed to provide users with the ability to otiebjects
in order to achieve effective collaboration in #e=nvi-
ronments [3,14,19,20,24]. Researchers have lookdtea
effect of text and object orientation in group matetion in
tabletop settings. Not surprisingly, studies havews that
participants have preference for the “right way &g@”both
reading text and viewing objects [27]. These ingagtons
also indicate that participants tend to exerciss kraight-
on orientation during collaboration sessions.

A majority of tabletop interfaces use several apphes to
address orientation issues [9]. Kruger categorittezke
approaches intfixed orientation manualorientation mul-

tiple copies personbasedautomaticorientation andenvi-

ronmentbasedautomaticorientation [9]. In the fixed ori-
entation approach, objects are oriented to onetitire due
to the assumption that users will be seated shotitde
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shoulder with other participants [3]. Manual orgidn is a
more comprehensive way to orient objects sincentisites
traditional rotating of objects (i.e. paper) to somxtent.
With the limitation of current input devices, indetion with
objects on a tabletop could be unnatural and difficVul-
ti-touch tabletops may be a better alternativeiriput de-
vices for manual orientation tasks [7,26]. Repkcatopies
of shared information are another way to solveraaiton
issues. Each user on each side of the tabletothbasown
independent copy of the objects [12,24]. Yet, usiagh an
approach would introduce another issue: consumpaion
the space for displaying data. For example, condiolar
users sitting around a tabletop wanting to comghree
documents or charts. Using a multiple copy approaith
require the display of twelve objects in the lirditspace
provided. In person-based automatic orientatioretaps,
the interface automatically orients the object tavéhe
user at the edge of the tabletop who has recentgssed
an object [19,24,25]. In this approach, the assianpis
that users always will be positioned sitting atekge of the
table. Environment-based automatic orientation, tba
other hand, orients objects based on object posittative
to the user. The object would be oriented towahdsaut-
side of the tabletop since a user on the edgeheaadvan-
tage to view the object there [20,23].

All of these approaches do not consider the viegleafor
object visibility in tabletop environments [13]. éntabletop
setting, users view the content from oblique andiexenta
et al.[13] introduced a system that identifies the lamabf

a user in order to model the appearance of thecbbje
(e.g. windows, text) and change the view anglet ab ibe
perpendicular. The model changes the shape anatatian
of the object so that it appears perpendiculami® wser at
a time. Nevertheless, the user has to use difféntetac-
tion techniques to share information with otherrsisend
requires specialized hardware. Hancetlal. [6] show that
for 3D projections, errors in judging object origtndn in-
crease as the centre of projection diverges froenah-
server's viewpoint. These errors are considerablyef
when the centre of projection is directly above thble
[3,6]. Tabletop interfaces must support flexibldlatmora-
tive tasks and comprehensive data representatiosupy
porting multiple views of informationLark [26] and the
prototype outlined by Isenberg and Carpendale f[&]tao
systems that facilitate the coordination of intéi@at with
information visualization. Both provide the userttwian
ability to change the collaboration style and thferimation
representation. Such information representatiosi¢é@ be
validated. Wigdoret al. [28] examined the perception of
basic graphical elements as proposed by Clevelad a
McGill. They found that distortion has less impaotsome
graphical elements than others. As a result ofvtlik they
introduced design recommendations for visualizirgpi-
cal information in tabletop environments. Usingsthele-
sign recommendations for more complex and commen vi
ual presentations (e.g. charts) may reduce thectsffef
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orientated views. Empirical evidence is neededujpsrt
this assumption.
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Figure 2: A chart could have one of two types of
questions. Each participant was asked to identify
the maximal decreasing pair (shown as points 1 to
2) or maximal increasing pair.

GOALS OF THE PRESENT WORK

Charts can use different presentations for data Area,
Bar, Line, Scatter). The most common charts, whid the
data encoding system outlined by Wigdgral. [28], are
still used on tabletops. We conducted two experteénm
critically evaluate the readability of charts oml&ops in
terms ofcompletiontime and accuracy In this study, we
explore one task, among many others that couldrbe e
ployed for testing our hypotheses. The task inveolose of
finding relative differences between values in artha task
that is nonetheless common on the types of visatidias
we selected. In the first experiment, we focusedcbart
orientation, type, and range of dataset valuesh®see
their effect on user performance. The second exjsat
extended the goals of the first experiment by campgaa
new chart representation (an OA-Graph) using theesa
experimental protocols as those used in experithent

EXPERIMENT 1

The purpose of the first experiment was to inveséighe
impact of chart orientations on user perceptioa tabletop
setting. Readability performances were observddrims of
completion time and accuracy. We chose a task rirat
quires searching and filtering to find predefineakterns
[1]. This task is commonly practiced by differemtancial
analysts when viewing different finance charts. Egam-
ple, when user reads stock charts where he/shes rteed
identify the pattern of the stock or peaks in dorabf time.
We introduced similar tasks to participants in theeri-
ment. There were two types of patterns each ppatitihad
to identify in a chart. In the first exercise, egmrticipant
was asked to compare all pairs of consecutive pomta
chart to identify where the largest difference hesw two
points occurred. To illustrate, in a pair of twonsecutive
points, when the first point has a higher valuenttiee sec-
ond point, this pattern was calleddacreasingpair. When
the first point has a lower value than the secoonidtpthis
pattern was called aimcreasingpair. The location of the
decreasingand increasingpairs were randomly generated
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in the chart. In the chart provided, only one pipoints
would have a highest (or maximal) increasing orelasing
pair (Figure 2).

Hypotheses

Based on our preliminary exploration of the issuess for-

mulated the following hypotheses:

H1: As the chart is oriented in a different view otliean
the 0° angle, both completion time and error rate w
increase.

H2: Chart type has an effect on performance.

H3: The difference between pairs of points in a chag &
significant effect on completion time and errorerat

Participants

We recruited a total of 40 university student pdpants

(34 male and 6 female). Each experiment sessiaedas

about 30 to 45 minutes depending on individual qrenf

ance. The age of the participants ranged from 2350

None were colour blind. Participants sat on an stdhle

chair at the centre of a tabletop edge. The relgtivsition

and angle of the head for each participant wascoot
trolled to emulate real-world scenarios in collaiive set-
tings.
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Figure 3: A bird’s eye view of tabletops with differ-
ent types of charts and orientation angles. Tabletop
A shows a Scatter chart with a 0° orientation. Ta-
bletop B shows an Area chart with a 90° orientation
angle. Tabletop C shows a Line chart with a 180°
orientation angle. Tabletop D shows a Bar chart
with a 270° orientation angle. The buttons, shown
here, were aligned along the edge closest to the
user.

0

Apparatus and Display Configurations

Participants sat on a chair at a height of 48cirnant of a
tabletop. The tabletop itself was 80cm off the floori-
ented in a "landscape" position with size of 153gm
113cm. The tabletop projector has a resolutionl&2k864
pixels. The contrast and the brightness of thegatof were
adjusted and all charts were shown in black andewRiar-
ticipants used a mouse for input. Each task waspteted
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by answering a question related to a chart displayethe
tabletop. The chart was placed directly in fronthef user.
Charts

We selected the most common chart types that céouel

in popular charting software. The four charts tyye used
were Scatter, Line, Area, and Bar. These charts gwener-
ated randomly. The dataset in each chart was gedera
with consideration to the differences between astidwo
pairs of points with 4, 6, or 10 pixel values. Eatiart type
was oriented with an angle of 0°, 90°, 180°, an@i°2The
chart size was 84cm x 49cm. Figure 3 shows exangdles
the different orientations and chart types we used.

Task and Procedure

The tabletop interface used in the experiment had f
components: a chart with eleven pairs of pointsyen
buttons that contained a reference to all pointspai ques-
tion associated with the chart for the particip@nanswer,
and a timer to make the user aware of the task laiiop
time. The question was presented in a differenburode-
pending on what was being asked. It was red ifjtestion
was to find the highest decreasing pair and gréehei
guestion was to find the highest increasing pairti€ipants
were first briefed on the task and were shown éggé of
chart with all the different possible orientatiodspractice
session was provided where each subject was given t
opportunity to read the question and select an an$or
each trial. The system provided feedback on acgumthe
subject after each practice trial. Subjects wereryithe
ability to choose more trials with different chaatsd orien-
tations until they felt they understood the tagjuieements.

During the experiment, each participant had 40 sgsdo
complete the task. The reason for choosing a 4@irseout
was to allow participants enough time to searchptitéern
and finish the tasks. This limit was based on pikHts.
When the timer reached the last 10 seconds, ther tiack-
ground colour turned red. The trial was consideressed
if the participant did not select an answer durthg 40
seconds. The next trial appeared after the usee raaske-
lection or the timer expired. Each individual hadndicate
one of the two patterns in a chart (highest indnegsr
highest decreasing pair) by clicking on the buttwat iden-
tified the correct pair of points for the questidrhe sub-
jects were given a five minute break in the midafethe
experiment. The order of displaying chart orietativas
counterbalanced to account for learning effectskinga
orientation order a within-subject control variabte our
design. Our experimental design can be summarigetDa
participantsx 4 chart typesx4 orientationsx3 different
difference values? trials (per condition) =3840 trials.
Results

A univariate ANOVA was computed with Orientation,
Chart Type, and Difference in Value as independeini-
ables and completion time and accuracy as dependent
able. The Tamhane test was used for all post-tats.te
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Figure 4: Mean completion times for all charts for
angle orientations of 0° 90° 180° and 270°

Completion Time. A total of 3034 trial points were used as a
result of removing outliers (-3 < std. < 3) as waslwrong
and missed answers for the analysis of completiome t
(212 trials or about 5% of total number of trialsrer out-
liers). Average completion time by Orientation swn in
Figure 4. Our analysis indicates that there isgaificant
effect of chart orientation on completion times{f
=68.401, p=0.001) (support for H1). There was asxig-
nificant main effect of chart type on completioméi (F,117
=20.359, p=0.001) with mean completion time of 6%,4
11.52s, 12.02s, and 12.81s for Area, Bar, Line, Scatter
chart types respectively (support for H2). Simifaie
found a main effect for the Difference in pairs @mple-
tion time (R7s =301.359, p=0.001) with mean time of
14.16s, 11.36s, and 10.06s for 4, 6, and 10 pbexdpec-
tively (support for H3).
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Figure 5: Mean completion times for 4, 6 and 10
pixel maximal differences in pairs of points for chart
orientation angles 0° 90° 180° and 270°

In terms of interaction effects, we found that tharenta-
tion interacts with chart type {ks=4.294, p=0.001) with
differences mainly occurring at the 90° and 180§lem
Similarly, chart orientation interacts with diffexee in val-
ue between pairs of pointssds2=11.095, p=0.001).

Post-hoc pair-wise comparisons on Orientation shioat
certain chart orientations vary in their performanBead-
ability at the 0° angle is significantly faster nhall other
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orientations (all p=0.001). For other orientatioves did not
find any significant differences. Post-hoc pairevisom-
parisons of chart type also yielded significanfedi#nce in
completion time for pairs in Area and Line graphs
(p=0.004), as well as all other graphs with Scafef
p<0.05) (i.e. readability with Scatter is signifintly slower
than other types).

Post-hoc pair-wise comparisons of differences betwe
pairs of points in the charts indicated significdifferences
in terms of completion time. When the differencénmen a
pair of points increases, the completion time deses
(Figure 5). Participants were faster when the makidif-
ference between point pairs was 10 pixels than and 4
pixels (both p=0.001). Also, the maximal differenak 6
pixels yielded a faster completion time than 4 [sixe
(p=0.001).

_ 1.007 GraphType
E 0.801 Area — Line
LE 0601 Bar — Scatter
§ 0.407
= 0.207 y/_,éﬁ-\—\b
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0* 90" 180°270°
Orientation
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2020] = ="
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Orientation Graph Type®

Figure 6: Upper graph shows the mean error for
four chart types for four orientation angles. The
lower left graph shows the mean error for four dif-
ferences in pairs of points of size 4, 6, and 10 pix-
els for each orientation. The lower right graph
shows the mean error rate for four differences in
pairs of points of size 4, 6, and 10 pixels for each
chart type.

Error Rate. Univariate ANOVA revealed that orientation
had a significant effect on the error rate (F3,1558,
p=0.001) with mean error rates of 0.15, 0. 20, 0&1id
0.18 for orientation angles of 0°, 90°, 180°, af@°2re-
spectively. This supports our hypothesis H1. Inpsupfor
hypothesis H2, we found that there was a signifiedfect
of chart type on the error rate (F3,117 =36.096).p81)
with mean error rates of 0.29, 0.16, 0.13, and @i Area,
Bar, Line, and Scatter chart types respectivelfalrour of
hypothesis H3, differences in values between pdipoints
in a chart turn out to have a significant effecttba error
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rate (F2,78 =19.288, p=0.001) with mean error rates
0.217,0.203, and 0.149 for maximal point separatibd,
6, and 10 pixels respectively.

Focusing on interaction effects between indepengarit
ables, we found that chart orientation interactth whart
type (F9,1251 = 13.772, p=0.001). Figure 6 shovat th
chart orientation significantly interacts with ridle differ-
ences on error rate (F6,834 =21.805, p=0.001). thxdi
ally, we found that chart type significantly intets with
difference in value between pairs of points (F6,834
=18.570, p=0.001). Figure 6 summarizes the intenact
between the chart type and Differences in pairsabfes.

Post-hoc pair-wise comparisons of orientations datid
significant differences in error rate. We noticéettat an
orientation angle of 0° chart orientation is siguiftly less
than when the angle is 90° and 180° (p = 0.04,.082).
There was no significant difference between angienta-
tion 0° and 270° (p = 0.573). Post-hoc pair-wismgari-
sons of chart type show significant differenceseimor
rates. We found that the Area chart type has aehighror
rate than Line, Bar, and Scatter chart types @0.@01).
We did not find any significant difference betwekine,
Bar, and Scatter chart types. Post-hoc pair-wisapeoi-
sons of differences in value between a pair of {goimdi-
cated significant differences in error rates. Thy gignifi-
cant one is that 10 pixels had an error rate smtikn 4
and 6 pixels (p=0.001, p=0.002).

Discussion

Our results support all of our hypotheses. Intérght, we
found that the legibility of some of the most basharts are
affected by the user’s orientation around a tableWhile
some differences exist between each chart typgeireral
we find that participants are capable of readingrishmuch
faster and with fewer errors when presented at angfe
(or right-side up) than at the other angles, iniclgd.80° or
upside down. These results corroborate and caty gzet
explained by the findings of Wigdet al [28] that orienta-
tion affects our visual interpretation of primitiggaphical
elements. Since most graphs are created basedango-
sition of primitive elements, it is interesting $ee this re-
sult hold for higher orders of visual complexity.n&t re-
mains to be known is whether basic charts can &éated in
a manner to increase legibility regardless of ys®sition
around a shared surface.

The OA-Graph

We introduce the Orientation Agnostic Graph, or OA-
Graph that we hypothesize will improve legibility simple
graphs, such as charts, in difficult-to-read oaéiohs. The
OA-Graph is inspired by some of the earlier rathiased
visualizations such asSunBurst [21,26], Hyperbolic
Browser[10], Radial Tree[7], Radial Cladogram[26], and
visualizations outlined by Isenberg and Carpen{idlend
Tobiaszet al. [26]. To our knowledge, these radial-based
visualizations have not been empirically tested/abidate
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their legibility in horizontal displays. For a tlough survey
of radial methods for information visualization wefer to
Draperet al. [5]. These visualizations, while designed for
single user and desktop use, have several integgstoper-
ties. They do not have an implicit orientation .(itlkeere is
no face that is right-side up) unlike other commsuali-
zations. As a result, they lend themselves natutallthe
type of problem we are investigating here. Additithn all
points on the radius are equidistant to the ceafr¢he
graph. As a result, no one user can claim to hageeor
harder access to interact with the graph (withetkeeption
of the constraints set by the physical structuréheftable).
Finally, the radial arrangement provides a flexildgout
for placing items of interest. As we describe belgarious
designs of the OA-Graph are available for represgnt
chart data.

Figure 7: OA-Graph based on a radial layout. (a)
the point of reference is at the centre and the graph
is read counter-clockwise. (b) A line-based OA-
Graph; (c) a bar-based OA-Graph.

We used the above described properties to desfigratit
OA-Graphs. The OA-Graph simply folds up a basicrcha
into a radial layout Figure 7-A. A line delineatid® point
of reference and the values are read in a coutdekwise
manner. This choice was arbitrary. Interestinglyliree-
based OA-Graph has some interesting analogy tcphe
dergram [15] with the exception that the spidergnases
various different axes. Our initial investigatioashconsid-
ered line and bar graphs, as these are common laad
severely affected by orientation as seen from ast é&x-
periment. As our finding from the first experimesfitowed,
Bar and Line graphs are more robust than Area aattes.
This motivated us to concentrate our observatiortheir
robustness when converted to our OA-graph. The- line
based OA-Graph and bar-based OA-Graph are presented
(Figures 7-B and 7-C). With our layout we had twied-

ent candidate designs. In the first, the x-axidefined by
the outermost concentric ring (called reference.datthe
second, the axis starts from the centremost pdinhe
graph (called reference in). Figure 8 shows botratians.

EXPERIMENT 2

The second experiment was designed to evaluat®©aur
Graph design. We compared traditional graphs agauns
orientation agnostic graphs in terms of their dff@t user
perception. Orientation agnostic graphs have amrstdge
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over linear graphs since all users will view a fportof the
chart towards them. Readability performances imseof
completion time and accuracy were measured usieg th
same searching and filtering tasks as in the dxperiment.
Each participant was asked to identify predefinattgons

in a graph. The experimental configuration for gezond
experiment was the same as the first experiment.

Hypotheses
Based on the objective of the second experimenfpmeu-
lated the following hypotheses:

H1: OA graphs perform better than traditional graplet th
are orientated at 180° on completion time and error
rate.

The difference between a pair of points in a linear
graph and an OA-Graph has significant effect on-com
pletion time and error rate.

Using Bar and Line chart types in linear and OA-
Graphs will have no effect on completion time and e
ror rate.

H2:

H3:

s\ r ,a

#

9
A

17
8
9

OA graph (reference out) OA graph (reference in)

Figure 8: Two types of OA graphs. The graph on
the left plots the value of each category along a
separate axis that starts in the outer ring of the
chart and ends in the centre of the chart. The graph
on the right plots the value of each category along
a separate axis that starts in the centre of the chart
and ends on the outer ring.

Participants

We recruited a total of 30 first year and fourtlaryaniver-

sity students (20 male and 10 female). The agéeiar-

ticipants ranged from 18 to 30. Each experimensieas
lasted about 30-48 minutes depending on the pediocm
of the participant. Half of participants sat on wstable

chairs in the centre of the tabletop edge at hagdB8cm in

front of tabletop. The other half were asked totld® ex-

periment while standing. We measured the displawvi
angle from the centre of the tabletop (Figure 1p Uged

the right angled triangle formula (T&= Opposite / Adja-
cent) where Opposite is the distance from usersteythe

edge of the tabletop and Adjacent as the distamme the

centre of the tabletop to the edge of the tablefbpe view
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angles of participants who did the experiment seedaged
from 21° to 30° (an average of 25.5°). For the rogieup
who did the experiment standing the viewpoint rahfyjem
41° to 50° (an average of 45.5°).

Charts

We used two types of charts and two orientationsotm-
pare the linear charts with OA-Graphs. The Bar him
chart types and Down and Up for chart orientatteor. the
chart type, our selection was based on best peafoce
from the first experiment in completion time witighest
number of correct answers. For the OA-Graph, wel s
and Line graphs. We have chosen two orientatiohsaftd
180°) in order to examine the chart performancthinbest
and worst scenario of reading chart as the anabfsthe
first experiment reveal. The OA-Graph is a radigd|
graph. We evaluated both types of OA-Graphs: Retare
In and Reference-Out as shown for a Bar graphgnrgi 8.
Charts were generated randomly for the traditicctedrt
style. The same data was then used to create th&@ph.
Each chart was generated with consideration fdermdinhces
in value between at least two pairs of points Witlé, or 10
pixel values. For the traditional charts, both ttiee and
Bar charts were oriented with an angle of 0° an@’18
Task and Procedure

In the second experiment, we used the same tabietep
face and components as in the first experiment.inte-
duced both traditional and OA-Graphs to userssalijects
did practice sessions until they were familiar wiitle task
and the kinds of charts involved. Each trial waset to
last for 40 seconds. The next trial appeared wheruser
chooses an answer or the timer expires. Each {petic
had to identify the chart pattern and then click torrect
pair of points for the question. A five minute bkeaas
provided in the middle of the experiment. The ordér
chart orientation display was counterbalanced tooaat
for learning effects, making orientation order athivi-
subject variable in our design. Our experimentaiglecan
be summarized as: 30 participams2 chart types (Bar,

Line) x 4 orientations (Down, Up, Reference-In, Reference-

Out) x 3 values different (4, 6, 1&) 3 trials (per condition)
= 2160 total trials.

Result

A univariate ANOVA was applied to the average caanpl
tion time and error rates. Tamhane tests were tised for
post-hoc tests.
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entation angle of 0°. The overall results for caetiph time
for each orientation is shown in Figure 9.

O
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Error Bars: +- 1 SE

Figure 9: The upper graph shows the mean com-
pletion times. The lower graph shows the mean er-
ror rates.

In support for H2, we had expected to find an effezm
the difference in pairs of points on the completiome. Our
finding indicated that there was a significant meifect of
the difference in pairs of points on the completiime
(F2,58 =257.022, p=0.001). When the maximal ranfye o
values of point pairs is 4 pixels, participants ragpmore
time to complete the task. As the range of valneseased,
the completion time of the task decreased. The mean
pletion times for the 4 pixel, 6 pixel, and 10 pigeint pair
differences were 11.877s, 10.736s, and 9.269sctgply.

We did expect to find an effect for the chart tgsewe ex-
pressed in hypothesis H3. We anticipated that thedd
Line chart type in all orientations would performually
well based on the results we found in Experimertidw-
ever, there was significant main effect of chapetyon the
completion time (F1,29 =27.728, p=0.001). The meam-
pletion times for the Bar and Line charts were 803and
10.874s respectively.

We were interested to see the effect of the viegleanof a
chart on the completion time to determine if itbistter to
view a chart while standing or seating. The resdt®aled
that view angle of chart has a significant maireeffon the

Completion Time. A total of 1846 trials were used as a re- completion time (F1,29 =8.427, p=0.004). The graip

sult of removing timeouts, errors and outliers<-8td. dev.
< 3).

Our analysis revealed a significant effect of cldion on
completion time (F3,87 =115.302, p=0.001) whichpuns

participants who performed the experiment whilendtag
had a mean completion time of 10.491s, while theugr
who did the experiment seated had mean compleitio t
of 10.764s.

hypothesis H1. We found that both OA-Graphs peré@m  post-hoc pair-wise comparisons of orientation aeldig-

better than traditional charts with an orientatamgle of
180° and slightly worse than traditional chartshvah ori-
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nificant differences (all p< 0.001) in task comiattime
for all pairs. When the orientation angle of thartiwas 0°,
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participants performed significantly faster thare tDA-
Graph (Reference-In), OA-Graph (Reference-Out), téued
linear graph with an orientation angle of 180° drew the
graph is upside down. Both OA-Graphs have bettad-re
ability than the upside down graph (both p<0.0(A9st-
hoc pair-wise comparisons of the maximal differemce
pair values chart shows a similar pattern as we isathe
first experiment. Significant differences (all p€01) in
trial completion times for all pairs (4, 6, and pixels)
were observed.

Error Rate. We used a total of 2111 trial data points in the
analysis after removing outliers (-3 < std. dev3kx We
found significant main effects of orientation, dhigpe, and
difference in value on the error rate. However, thart
point of view turned out to have no effect on therate.
In favour of hypothesis H1, the ANOVA test reveatbdt
orientation had a significant effect on the errater(F3,87
=60610, p=0.001). The mean error rates when trentari
tion angle of the chart was 0°, OA (Reference-ldp
(Reference-Out), and upside down (180°) were (O0R,
0.13, and 0.17 respectively. These results are istoWwig-
ure 9.

We found that differences in point pairs in a cliete an
effect on the error rate (F2,58 =31.891, p=0.00Here-
fore, the higher the value of at least one paipaihts the
lower the error rate is. Moreover, we found tharéhwas
significant effect of chart type on the error rgtel,29
=15.888, p=0.001) with a mean of 0.099 and 0.15Bfr
and Line charts respectively. This finding allowsto re-
ject hypothesis H3 for the error rate. The viewpahthe
chart did not have a significant effect on the enrate
(F1,29 =0.426, p=0.514). Surprisingly, we did natfany
significant interaction between the independentofsc

Looking into pair-wise comparisons of orientatioa feund
that the chart orientation angle 0° was not sigaittly bet-
ter than both OA (Reference-Out) and the charintaigon
angle 180° (All p>=0.281). The difference for OAefBr-
ence-In) was not significant (p=0.281). This isiaterest-
ing finding considering that the view with OA-Reface-In
is slightly more distorted than the right side ugw: Simi-
lar type pair-wise comparisons of chart type showesig-
nificant difference in error rate where Bar, wittean of
0.099, has a lower error rate than Line, with a nmeé
0.155 (p=0.001). In addition, the range of valugarece in
a chart has an effect on the error rate. A 4 pieglance
had a higher error rate than 6 pixels, which wasdi than
10 pixels (All p<= 0.049).

TRANSFORMING OTHER GRAPH TYPES

Our experiments have shown that OA-Graphs perfagtn b
ter than linear charts with an orientation anglel8®° and
perform slightly worse (only in performance but restor
rate) than linear charts with an orientation argfl€°. Pro-
viding the user with the ability to switch betwedifferent
representations to support single and multiple siean be
beneficial. Due to the several interesting propsrivf ra-
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dial-based visualization, we consider transformifigom-
monly used and more complex charts such Bar and Lin
with several datasets, Parallel Coordinate, andt@harts
(see Figures 10, 11, and 12).
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Figure 10: Commonly used charts: Bar and Line.
Below each one, an equivalent OA-Graph is shown.

DISCUSSION AND LIMITATION

Our study confirms and builds on previous studied ori-
entation in tabletop settings has an adverse effegber-
ception. In our case, chart readability was negtiaf-
fected when viewed upside down. A tabletop distegr-
face should support both ease of interaction aexitfle
data representation in order to reduce the effecorienta-



ITS 2010: Information Visualization

tion. This is even more critical when a group oénssper-
form a highly collaborative task such as readinghart,
where everyone is susceptible to the adverse sffecbri-
entation on data perception. For a single uses itiéal to
view a chart with an orientation angle of 0°. Fagraup of
users, the ideal chart orientation is one that ier@ation
Agnostic. One observation that we noticed duringhbex-
periments is that some users tend to move theidshéa
adjust the chart view for linear chart styles. #smbserved
that with OA charts these head movements signifigan
decreased. Also, during the practise session soseesu
asked if they had the choice to do the experimenitew
standing, as that was their preference.
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Figure 11: Parallel Coordinate graph on top chart,
and equivalent OA-Graph below.

Orientation in tabletop settings is still a chatjeng issue
and this can be seen in tasks that require reaafirigxt.

When an individual reads a chart, they look fotgrat and
trends and then look for labels to refer to coroesjing

values. Different label placement strategies am us fa-
cilitate orientation-independent reading in viseation

interfaces. One example is to warp labels in autarcor arc
fashion. Although we did not address text origatain

this study, we do see it as an important focudifture in-

vestigation in tabletop environments. The main foofithe
research in this paper was to examine the visudingo
system in tabletop settings to achieve a betteerstanding
of the effect it has on chart readability with ciolesation of
orientation of displayed data.
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Unlike previous work, this study assessed bothalisepre-
sentation issues and interaction techniques inffamt ¢o

address orientation issues with visualizations ahldtop
settings. For linear chart styles we found thatelLamd Bar
charts are more robust. However, Bar charts tutrtmbe

more robust than Line charts when represented as OA

charts. The variance of value in a chart dataset lahs an
effect on the completion time. Users are able toremo
quickly identify patterns in a chart when a randeliffer-
ence in values in a chart is large.

Weeks: 1 2 3 4 5 6 7 8 9

Project 1 (P1)
Activity 1 (P1.1)
Activity 2 (P1.2 ) ' —

10 11 12
79% complete

95% complete

: 67% complete
Aty 3 (P13) | P oo 77% complete
Project 2 (P2) 0% complete

Activity 1 (P2.1) 0% complete
Activity 2 (P2.2) 0% gomplete
Activity 3 (P2.3) 0% complete

Today

1 Finish-to-start

@

Figure 12: The upper chart shows the Gantt chart.
The lower graph shows the OA-Graph version of it.

CONCLUSION

Orientation on tabletop displays remains a critisalie that
needs to be effectively addressed. Our study deinates
that a range of factors affect chart readabilityhsas chart
type, chart style, variance in pairs of points, amgle of
view. It also demonstrated that the negative effe€orien-
tation can be reduced. Tabletop interfaces shodiopta
different interaction scenarios when there is adrfee data
sharing and collaboration. We studied the effectludrt
orientation on tabletop surfaces as it relatedhartcread-
ability using common chart types in different viegiorien-
tations. In an attempt to address the orientatisond, we
compared linear chart styles with Orientation Aditos
(OA) charts. Our findings demonstrate that the abdiiy
of a chart can be improved using OA charts in oerta-
cumstances. OA charts can be used to support teultip
ers with an optimal view of a chart.

We are currently investigating designs to converhe of
the more common visualization techniques, suchaaallpl
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coordinates and tree visualizations so that theyoaienta-
tion agnostic. These implementations will allow tosde-
velop rigorous design guidelines to assist in thgetbp-
ment of other types of orientation independent aliza-
tions on tabletop surfaces. Additionally, we inteord eva-
luating existing interaction techniques used onplsain
tabletop settings to identify parameters to malesehinde-
pendent of orientation.
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