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Abstract

We foundthat established display design gudelines for focal images cannad be exended to images displayed as
a seoonday task in a dua-task situation. This paper describes an experiment that determines a new ordering
guideline for seconday task image attributes according to human cognitive ability to extract information. The
imperative for alternate guidelines is based onthe difference in animage’s ability to convey meaning, which
deaeases when moved from a focal to asecnday task situation. Secondary task attribute ordering varies with
the leve of degradation in the primary task. Furthermore, attribute efedivenessmay be particular to types of

visual operations relating to cognitive tasks.
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1. Introduction

As humans increasingy integrate mmputer systems into
their daly tasks, and as desktop systems expand in
processng capabili ties, there seems to be a universal desire
to use these tedndoges to opimize ddivery of
information. Having the right information at the right time
is cetainly helpful—often vital—for any dedson making
process However, we rewmgrize that too much
information, or information that is presented in a way that
overwhelms the human sensory or cogritive system can
adso fail to inform, impairing a dedson making process
Therefore, design o computer system interfaces must
properly blend human cogritive and perceptual capabilities
and peferences within system congtraints.

This goal is central to studies within the realm of human-
computer interaction, integrating many aher disciplines
for the epress purpose of improving interface and
visuali zation capabiliti es of computing systems.  Since the
necessty to recmmpense human limitations drives this area
of research, study through a human factors lens can be
helpful. Some aspeds of experimental psychdogy linking
human cogntion and perception are useful to refine
understandng d these particular human factors. Since

properly designing systems that address findings of human
factors research is generaly the application d human
factors engneging, or more narrowly engneaing
psychdogy, it is aso useful to synthesze and apply
edtablished ideas from that domain. This cross
disciplinary approach represents a pursuit for visualization
design guidance that alows programmers to create
computer interfaces that proffer insght rather than impaose
information dut.

A spedfic research area of growing importance within
these dforts is the study o dual-task interface and
visualization design.  In many ways, desktop computer
users are nat content or able to smply devote their full
attention to a singe application a task. Instead, they need
to monitor and maintain awareness of information through
joint or semndary tasks. Simple examples of dual-task
dtuations include eliting a document while monitoring
email programs, news delivery agents, instant messengers,
and stock tickers. However, critical primary tasks—like
driving ehicles, performing surgery, or even engaging in
law enforcement or combat—can also be eihanced with
vehicular displays, surgery suppat monitors and military
dtuational awareness gstems. The dalenge to this
ressarch area is to belance dfedive information
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presentation with introduction o unwanted primary task
digtraction. Since a semndary task often must conform to
requirements eeking minimized dstraction, even the most
accepted focal task design principles merit consideration
for sustained applicability in this altered condtion. One
part of these many principles includes the guidelines for
effedive use of various attribute-encodng schemes to
communicate information for the fulfillment of different
cogritive tasks.  These principles must be reestablished o
identified for semndary task display interfaces and
visualizations expeded to create actionable insght while
minimizing dstraction.

This gudy empiricaly investigates a dual-task system,
working toward such gquideline reestablishment or
identification. The initial question is whether a user's
ability to perform an information extraction task using a
visualization ona desktop computer with cetain attribute
encoding is different when the task is a singe task in the
user’s focus compared to a semndary task in a dual-task
dtuation. If there are no parformance differences, to
include introduction d digtraction to the primary task in
the dual-task dtuation, then this indcates that focal
guidelines for these attribute encodngs are extensible to
such a dual-task condtion. However, if differences exig,
then new guiddines for attribute use must be thoroughly
investigated and enunciated.

2. Related Work

The bass that this work investigates for dual-task
applicability comes from Clevdand and McGill's
conclusons that provide an accepted quiddine for the
presentation d visual data in quantitative tasks, based on
psychophyscal theory and experimentation. They
recogrize visua data & eementary perceptua tasks,
described as graph attributes, some of which conwey
information letter than athers.  Attribute dfediveness
guidelines facilitate design d display interfaces and
visudlizations that effedively communicate information
and create ingght. The ordering d graph attributes which
Clevdand and McGill empirically provide is  postion
aong a common scale, position aong nomligned scale,
length, diredion, ange, area, volume, curvature, shading,
and color saturation [3]. Mackinlay extends this list to
capture nonguantitative data [5], resulting in the incluson
of more attributes and aderings for nomina and adina
data. For bath nongantitative perceptual tasks, color is
better than area, although pdaition remains the best. These
graphical  desgn pinciples are  etablished for
visuali zations that are the objed of a user’ sfocal attention.

Clevdand extends his thinking about attribute
effediveness relating spedfic oogritive task requirements
and \isual operations. He reamgnizes threetypes of pattern
perception operations that form all operations of physical
information extraction from graphics symbd detedion,

assembly (or grouping), and estimation (discrimination,
ranking, and ratioing) [2]. Severa general assrtions
entwine graph attributes and perception operations.
Detedion tasks are best supparted by single airves or line
segments, filled circles that may overlap hinder detedion
taks. He dates that color can be used to establish
categories that enhance assembly, since assmbly is
enhanced by symbds that have strong baindaries (non
overlapping area). Using color can aso provide
quantitative encodng that increases estimation efficiency.
Postion in relation to a reference grid and dot plots with
ordered categories improves al pattern  perception
operations, egpedaly edimation. He aiticizes circular
area encoding in general, snceit fails to “provide dficient
detedion d geometric objeds that convey information
about differences of values.”

Wickens et a. introduce discusson o fundamental
cogritive proceses as wdlb search and compareb “that
may be suppated o inhibited by spedfic graphical
renderings’ [12]. This nation d search tasks sams to
include Cleveland's detedion, assmbly, and estimation
discrimination operations. Compare tasks roughly equate
to esimationranking and esimation-ratioing. ~ Wickens
and Hollands examine relative attribute dfediveness as a
function d human ability to conduct a parale search
among color variation, as oppaed to more timely decding
of other attribute encodings sarched in serial [11]. Lohse
takes a smilar approach, stating that since @lor is deteded
and aganized in pearald during peattentive visua
processing, it is a more dficient encoding than area, snce
shapeisdeteded serialy [4].

Important research on eements of dual-tak display
effediveness has emerged in recet years, athough
nothing appears to apply diredly to an adering d visual
attributes. Mori and Hayashi's work establishes peripheral
task causes of primary task interference in multi-windov
systems [8]. Wickens and Hollands discuss primary task
performance degradation in dual-task Stuations in terms of
resource alocation to sewmndary tasks and adaptation
consequences for excessve workload [Wickens 200Q.
Rock and Mack aso examine divided attention with
resped to parale and serial pre-attentive processng [9].
Others investigate properties of semndary tasks.
McCrickard et a. find that effediveness of different types,
Szes and speals of seondary task text displays relate to
different levels of performance epedationsb ether
identification, or higher level comprehenson and
memorability [7]. Maglio and Campbell conclude that
congtantly scrolling text should be minimized, since
scrolling dstracts more than text that discretely appears
and dsappears [6]. Bartram shows effective uses of
motion in dsplays, particularly with resped to information
presence signaling, information search and assciation, and
filtering a linking d spatialy distributed oljeds[1].

The following experiment builds on al of the work
discused above, se&king understandng o dual-task
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Figure 1. Screen shots of experimental platform. A round kegins with scale display; scale disappears and guestion is
displayed; question dsappears and gane begins—alone for eight seconds (not shown); eight seconds of game playing
(left side of screen) and image display (right side of screen); eight final seaconds of game playing ory (not shown);

answer input.

visualization guidelines. However, three mgjor works are
the foundation of this gudy: Cleveland and McGill's
efforts at attribute ordering [3] and the agntive task
conceptuali zations from Cleveland [2] and Wickens et a.
[12].

3. Experimental Design

In order to empirically test relative attribute dfediveness
a participant plays a smple, yet demandng cgame on a
desktop computer. Scripted, timed events present
experimental condtions and  record participant
performance throughaut the eperiment. During the game
playing, which ocaurs on the Ieft portion d the screen, a
singe image with smilar dimensons and krightness as the
game appears for eight semnds on the right screen edge
(see Figure 1). The eght-seoond dsplay time allows data
within attended and ignaed locations to be reliably and
acaurately deteded [10].

The game playing continues whil e the participant scans the
image for informationb the answer to a question asked
before the round begins. Each instance of the experiment
includes eighteen roundsb nine dual task rounds (game-
playing and image viewing) as well as nine focal (game-
fre@ rounds. Both treatments require viewing images and
answering questions. The participants are 93 undergraduate
computer science students, whoreceved classcredit.

Six versons of the program implement a Latin square
experimental setup testing the independent variables (three
attributes, two condtionsb snge (focal) and dua task).
Three base versons differ only in attribute presentation
order. Each o these three versons provides two test
iterationsb ore that starts with the dual task and finishes
with the focal images, and the other that reverses this

sequence  Figure 2 shows attribute scales and encoding
schemes.

@

(b)

Figure 2: Attribute scales and encoding schemes used in
the eperiment are shown (a). Relative increases within
attribute \alues are uniform. Participarts are shown the
applicable scale before the start of each round Each of the
threeattribute images (b) encodes the same dataset values
{1, 5, 2}. In a given round one of these images is
presented as a semndary task. Only three \alues are
shown here, but the experiment’ simages encode ten.

Game rounds cycle through three different question types
(identification d displayed minimum/ maximum values,
ratios, or comparison counts) for a snge graphically
encoded dataset. Regardless of verson and attribute
encodng, round questions and answers appear in constant
order. For instance images like those in Figure 2 are used
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in al sx versons as the first graph type, but the question
(Bwhat is the minimum value?9 and answer (A) do nd
vary. However, two versons (one verson dsplaying the
graph as a focal task, the other as a semndary task) encode
this first dataset with padtion, two ahers use @lor, and
the final two use area. After testing a singe graph with
threequestions, the dataset and encoding scheme change.

4. Results

The initial research oljedive for this experiment seeks to
evaluate focal guideline applicability to dua-task
condtions for effedive use of pastion, color, and area
attribute-encoding schemes.  Guiddines must optimize
probability of information communication through the
fulfillment of various cogritive tasks. Improper guidelines
can result in ineffedively designed visudizations and
display interfaces.  Rather than allowing information
monitoring and awareness which could lend enormous
efficiency gains, poa multi-tak displays can inhibit,
rather than enhance primary task performance Results
discused below show focal guiddines do nd hdd for
seondary tasks within a dual-task setup. Furthermore, a
user's question-answering performance drops sgnificantly
when an information extraction task is a semndary task
rather than a singe tak in his focus. Both findings
indicate proper seledion d these three attributes for dual-
task system design cannd rely on established guidelines
gowerning focal visualization. Therefore, the majority of
results in this sdion relate to the establishment of new
guidelines. Our analytical approach includes evaluation o
attribute effectiveness according to answer corredness by
question type at various levels of primary task
performance Since ech o the sSx experiment verson
samples were na ggnficantly different than the
population mean for any measured asped of test
performance we nsder the etire population for
applicable results.

4.1. Evaluation of Focal Guidelines

As we begin evaluation d focal guideline applicability to
dual-task condtions, we e&ped part of the data should
edo the ordering that Cleveland and McGill set forth [3].
Spedfically, participants corredness of answers from the
gamefree ondtions (which orly provide the scale and
question, the encoded dataset image, and the oppatunity to
input an answer) should correspond to an adering d
postion, area, and then color. This is actudly the ase
(F(2,277)=7.91, MSE=.409, p=.00049, indcating that our
attribute encoding scheme and experimental setup could at
least replicate the part of Cleveland and McGill's results
under investigation.

The next step invdves a comparison d corredness based
on indght gained from focal images to corredness

facilitated by secondary task images. In the dual-task
condtion, answer corredness requires maintenance of a
catain level of primary tak (game) performance while the
image is displayed. Evaluating a semndary task in a dual-
task system with this method performance dfed on bdh
tasks is consdered. The mere cncept of a dual-task
stuation mandates the evaluation d both tasksb if one or
the other were nat important, this removes motivation to
optimize dual-tak design; the sysem may as wel be
consdered a sngetask (focal) stuation. However, dual-
task systems must minimize negative dfeds created by the
causal relationship between to two tasks. Primary task
degradation expresses change in game performance during
image display period in relation to average game
performance before and after the image appears. Answer
corredness (semndary task measure) is evaluated for any
round meding a given primary task degradation threshad
(acceptable degradation).

Figure 3 shows data comparing corredness levels,
dlowing acceptable degradation through 25 percent.
However, for al degradation levels between zero and fifty-
one percent, there are sgnficant differences in the two
results (z-scoresrange from 13.189t0 1.965, n=93).
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[ Secondary
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Encoding Type
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Figure 3: Resulting arswer corredness percentages for
images displayed as a focal task (displayed withou any
other objeds on the screen) are compared to results from
semnday task images (displayed while user continues
playing a gane). In this case, participarts maintained 7t
percent of game performance (acceptable degradation
was 25 percent) during image display period for answer
corrednessto be ealuated.

In aher words, given two identically encoded imagesb
ore in a usa's focus and the other displayed as a
seondary taskb a user is unable to extract information
from the secondary display as effedively and/or without
distracting their ability to adequately maintain primary task
performance Similarly, the two activities (extracting focal
image information and extracting semndary task image
information) are different. The implication d this result is
that there is no reason to exped focal guidelines to hdd for
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semndary tasks within a dual-task set-up. The following
sedion shows that this implication is true, and that the
attribute  dfediveness ordering \aries with levels of
acceptable degradationin the primary task.

4.2. Investigation and Establishment of Dual-Task
Guidelines

To determine attribute dfediveness ordering in the dual-
task condtion, we use the dual-task scoring system
described abowve: answer corredness is evaluated for any
round within a given level of primary task degradation.
This evaluation allows identification o corredness
averages by attribute type through any desired degradation
leve (seefigure 4).

Given these rredness averages, between-group
confidence levels are edtablished with multivariable
analysis of variance (ANOVA) tests. Significant results
are depicted as paints in Figure 5. Regressd confidence
trendines (sixth oder) aso in Figure 5, show a strong
pattern of communication dfference between secondary
task images encoded with dfferent attributes.

Furthermore, this ordering pettern varies in effediveness
with acceptable degradation and can be ompletely ordered
at low degradation levelsb between three and twenty-two
percentb paostion, color, and then area. As degradation
increases past 23 percent, catainty is lost about the
digtinction between pasition and area, but postion is gill a
better facilitator of understanding than color. Suppating
confidence levels for this result come from two-tailed z-
scores  from  difference omparisons of sample mean

Figure 4. Answer corredness by attribute type for levds of acceptable degradation. Note that levds of acceptable
degradation cumulate from the left side of the figure (i.e., subjeds that mee five percent acceptable degradation include

those at zero throughfour percent, andfive

Figure 5: Sdid trendiines $how that levds of significance for attribute ordering vary with degree of acceptable primary

task degradation.



Chewar et al. / Optimizing Ssonday Display Attributes

Figure 6: Each chart shows information abou a single question type. Left y-axis and histogram data show sample size
distribution a various levds of primary task performance danges. Right y-axis andtrendlines (2-period moving averages)

show variation d answer corrednessaccordingto primary task performance danges.

position and color performance

4.3. Dual-Task Guidelines According to Cognitive
Task

Although this guideine is useful by itsef for desgn d
seondary task images, our experiment data dso lends
itsdf wel for analyss of attribute dfediveness for
different cogritive tasks, such as those discused by
Cleveland [2] or Wickens et a. [12], summarized in the
Related Work sedion above. The results that follow apply
to attribute decodng success observed by question type
corredness

Our experiment uses three different question types to test
information communication from the images (see Figure 2
for an example image). Each attribute is tested with each
question, under both focal and semndary task condtiors.
Therefore, we @n find corredness averages according to
attribute type and question type, while filtering dual-task
performance based on acceptable degradation. Figure 6
showsa summary of this data.

Clearly, most participants perform best on min/max
questions, then count questions, and then ratio questions.

Also, count and ratio questions appear to create higher
degradation levels in the primary task than min/max
questions create.  This is condgtent with Clevelands
classficationb detedion tasks sould be faster and more
acaurate than estimation tasks.

Table 1 summarizes zones where dgnificant attribute
orderings ocaur for each question type/cogritive task.
4 ow Degradatior? includes levels of primary task
degradation less than seventeen percent, while 2High
Degradatior? includes levels greater than seventeen
percent. Note that attribute orderings at low degradation
levels are the same for min/max and ratio questions, while
orderings at high degradation levels are the same for ratio
and al count questiors. This possbly indcates
smilarities between two cogritive tasks, when performed
at different levels of attention. For example, if a
participant maintains high game performance (and answers
the quedtion corredly), we @n infer that the secndary
task did nd require much attentionto properly deade.

The postionb colorb area ordering apparent for the
detedion tasks and the etimationratioing tasks at low
degradation matches Mackinlay's attribute ordering for
nominal and adinal perceptual tasks[5].

Cogritive Task Low Degradation High Degradation
FindMin/Max positionb colorb area nore

(detedion)

Determine Ratio

positionb colorb area

(estimation- ratioing)
Count Comparison Matches
(estimation-compare)

positionb areab color

positionb areab color

positionb areab color

Table 1: Sgnificant Attribute Ordering, by Cognitive Tasks (p < .05)
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5. Conclusions and Further Work

Several conclusons are evident from these results. First,
users are unable to extract information from the seaondary
display as effedively andor without digtracting their
ability to adequately maintain primary task performance
Although dsplay design for focal tasks is known to be
maximized with use of pastion, area, and then color, these
guidelines are not necessrily applicable to dual-task
condtions.  Since attribute dfectivenessin semndary tasks
varies with the amount of degradation introduced (allowed)
on the primary task, display attributes would be sdeded
after spedfication d acceptable amounts of primary task
performance degradation. Designers of vehicular displays
and dher systems suppating a critical primary task would
catainly want to consder attribute ordering at the lowest
levels of acceptable primary task degradation. Therefore,
seledion should be guided by relevant attribute ordering in
Figure 4, or Table 1 if cogntive tasks are known. One
general conclusion is assertedb consdering the superiority
of pastion in al focal and dual-task orderings, information
should be conweyed in terms of relative postion whenever
possble to alow optima probability for accurate
communication and primary task sustainment.

Further work should include evaluation d other display
attributes and combinations of attributes, to include
Clevdand and McGill's complete lis. More narrow
research on effediveness of different postion encodings
may aso be useful, especialy in light of the encluson
stated abowve. However, the human ability to pre
attentively  process color, which alows demdng
efficiency, is apparent in these results and may have
exciting implications for minimizing dual-task distraction.
Since this particular experiment limited color encoding to
incremental instances of red luminescence it may aso be
useful to investigate relative dfediveness of other hues.
Categorizing ideal display properties with cogritive tasks
is also an area of immense research pdential. Synthesis of
these types of design guiddines allows programmers to
create interfaces best suited for the human user and the
required task.
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