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ABSTRACT

Technological innovations have increased the ability to collect and sforsation.
However, these innovations potentially create a psychological problemsecte
increasing amounts of information must be managed within the still limited hcogaitive
processing capacity. One common data visualization approach to improvesitidorm
search is the concept of increased bottom-up stimulus-driven saliency to guiderthgutis
is increasing the salience of an item enough to produce a sufficienermfeiarch with high
decision accuracy? How does increasing the salience of an item wilgaud to its
relevance affect the search for information? Is there a differencedretists and tag clouds
and what role does the system context play? To answer these questions we laglapted t
concepts of the Wason selection task (WST) and considered the propositional kagscofal
P, Q not Pandnot Q,to analyze search sufficiency, efficiency, decision accuracy anchsearc
patterns. We found that the incongruence or congruence of salience and relemance ca
impede or support the search for information. However, increasing the saliealmvant
items is not enough to insure a sufficient or efficient search with an accuraierled he
search for information is affected by interactions between the displagtfathe system

context and the congruence conditions.
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INTRODUCTION

Technological innovations including software applications and the internet have
increased the ability to collect and store information. In May 2009 the digitahtamé¢he
internet was estimated at around 500bn gigabytes (GB), which is rouginglegt to 10
stacks of books reaching from the earth to Pluto (Wray, 2009). Clearly, the amount of
information storage required for this large amount of data is significant. Thieghsgical
problem for applied cognitive psychology is one of increasing amounts ahiafion that
need to be managed within the limited human cognitive processing capacitynited time
period. In addition to the technical and theoretical challenge, an importatibgdes
Human Factors is how to find the information that we are looking for among allsef da¢a.
Compounding the problem is the additional issue of knowing what to look for. Finally, it is
not quite clear if it is even possible to search this amount of information, even knowing what
we are looking for under time constraints that are always present in thetadnte
information search. Consequentially, it is an important research questleoaétical and
applied relevance to examine what affects search sufficiencgfcieéncy in order to reach
an appropriate and accurate resolution to a question or problem. Fortunatelis thbody
of literature that provides some guidance.

The presentation format affects how information is searched, how that infomrisat
interpreted, and how it is shared with others (F. R. Brown & Lovejoy, 1955; P. EnBrow

1991, Carey & White, 1991; Carter, 1947; McCabe & Castel, 2008; Schaubroeck &



Muralidhar, 1991; Smith, Best, Stubbs, Archibald, & Roberson-Nay, 2002). For example,
there is a rich history of information visualization tools such as charts, mdgsciures

being used to present geographical information to aid human cognition and to contenunica
important information (Tufte, 2000; Wainer, 2005).

One commonality of modern and older data visualization approaches is the concept of
increasedsaliencyto guide the user’s search for information. The intent is to provide
information in such way that the important or relevant information receives euitention,
and is processed early because of the properties of its appearance. Theasweses more
effective guidance of the information recipient in searching, integrata interpreting the
information (Kleinmuntz & Schkade, 1993%aliencyhas been defined as h@erceptually
distinctivethe information isn the contextn which it is presented (Fishbein, Haygood, &
Frieson, 1970; Sanfey & Hastie, 1998). This perceptual distinctiveness or saience i
accomplished by stimulus-driven or bottom-up processing which is based on feathras suc
size, position, line orientation, form, sound levels, stimulus-onset, color hue and ynthsit
of which can affect the search for information (Huang & Pashler, 2005; Nothdurft, 1993;
Treisman & Gelade, 1980; Treisman, Gelade, & Yantis, 2000). Although thereéneiof
an insignificant difference in reading speed between 10 and 14 pt fonts (Beymell, Russe
Orton, 2007, July), larger size is generally accepted as increasing séheranyg & Pashler,
2005).

Stimulus-driven salience is not the only factor that affects the seartidonation.
Other factors that play an important role relate to top-down cognitive pescésd are based
on experience, expectancies and goals (Itti, 2007; Yantis, 1993). Instructionsgrasett

goal to attend to a unique stimulus among other similar stimuli affects tioh $ea



information (Itti & Koch, 2001; Posner, 1980; Treisman & Gelade, 1980). For example,
when searching for a yellow square in a display of multicolored shapes, yeal tip-
down processing affects the attention allocated to yellow and/or sduzgressover other
colors or shapes such as red triangles (Itti, 2007). These top-down factorsecanneethe
relevance of the data (Parkhurst, Law, & Niebur, 2002). Pirolli and Card (19%9)stat
when foraging for information a person assesses the relevance of the idomwitt the
intent to determine what particular information should be given further coasater
Considerable debate exists on the interaction between bottom-up and top-down
processing when searching for information (Folk, Remington, & Johnston, 1993; Theeuwes,
2004; Yantis, 1993) Some researchers believe that top down goal directed promesses
the stimulus-driven attentional capture (Gibson & Kelsey, 1998). Others belieteptha
down processing factormannot overrideattention capture (Theeuwes, 2004). Still others
believe that goal directed or relevance factors affecting attecdiomodulate or override
the stimulus salience involved in bottom-up processing, thus making top-down selectivity
possible during searches for information (Bacon & Egeth, 1994; Itti & Koch, 2@ddy,L
Tsal, & Egeth, 2003; Richard, Wright, & Ward, 2003) In sum, there are three competing
predictions for the interaction between bottom-up and top-down processing: 1. Saliency i
determined by goal driven top-down processing. 2. Bottom-up processing desetimeine
attentional capture regardless of top-down processing. 3. Top-down processingesantula
overrides the bottom-up processing. Researchers continue to explore theafadtcostexts
that lead to these disparate models (Biggs & Gibson, 2010). The ongoing controversy

highlights the risks of attempting to “improve” information search by simpseasing the



stimulus-driven salience of data by changing features such as the sppaesdimh without
understanding the search strategies and/or the relevance of the data.

An important challenge when determining the appropriate level of saliendath
visualization is that the relevance of the data may not be known a priori. One common
approach to overcome this problem is to equate frequency, or number of occurrences in the
context, with relevance, and simply increase the stimulus-driven salieree bt
frequent occurrences. An example of this approach is tag clouds. Tag cloudsleetin
of words or word phrases that appear in different sizes and colors. Tag cloudgpeitiext
links are frequently used as a method to support navigation or information search.
Unfortunately, this approach of equating the number of occurrences of individual pieces of
information with the relevance of the information may not be a valid aid for infamma
search in all cases. Consider the tag cloud created from President BaraaKQlznuary
2010 State of the Union address (Figure 1) (MSCHW, 2010, JanuaryR28)nost salient
word “will” may be the most frequently used word in the speech, but it is unlikely to be the
most relevant word to aid a search to understand the concepts presented in thdkpeech.
saliency of the generic words “people” and “Americans” also overshadows tapitasthe
“deficit,” the “economy” and the very small text size of “recession” aeddvery.” The
incongruence of stimulus-driven saliency and relevance might have a neggtact on
sufficiency and efficiency of the search for information using tag cloda®ther issue
when considering information search is the context of the search. Durso avsl(P0&0)
make a distinction between three types of system contexts: 1. Naturalsgstesisting of

elements that occur without intentional design or manufacturing and can adaymia®. S



systems pertaining to human communities or interactions; 3. Technical systgaising to
machines or man-made devices.

The context has been shown to affect reasoning and search patterns (Cheng &
Holyoak, 1985; Cosmides, Tooby, & Gazzaniga, 2004; Dawson, Gilovich, & Regan, 2002;
George, 1991; Roberts, Schaeken, Vandierendonck, Schroyens, & d'Ydewalle, 2007). For
example, context and framing affect whether searches are conducted amsingrdr
disconfirming when selecting and evaluating information (Cosmides & T@f®3; Fodor,
2000; Gigerenzer & Hug, 1992; Johnson-Laird, Byrne, & Girotto, 2009; Roberts et al., 2007;
Wason & Johnson-Laird, 1970). Searches in the social system context asdlygemae
disconfirming and this may be due to familiarity and/or variability.

The system context can also affect confidence in the conclusions reached. For
example, conclusions about medical conditions (natural system) may be viewesbwiith |
confidence than conclusions for technical systems (Politzer & Bourmaud, 2002). In
addition, the saliency of the data affects the confidence viewers havedatah@icCabe &
Castel, 2008). Thus, stimulus-driven salience and the context may affect tloecoafihat

is placed in a decision reached after completion of an information search.

Hypotheses

The present study is motivated by a concern for the effects of increlasiaggnulus-
driven salience without matching that salience with optimal relevancenyflutheses
regarding search sufficiency, efficiency and accuracy relate te torecepts and related
guestions: 1. Congruence — What is the overall effect of the salience and relevance

congruence conditions? 2. Salience display format — Is there a differencesffettef



salience manipulated by size in a tag cloud and position in a list? How does dltetiees
and relevance congruence conditions affect each display type? 3. Codtaxtde the
context and the congruence conditions act and interact to affect how informatiached@a
In addition, confidence in the decision is measured to assess how accurately peeple ca

assess the impact of salience and relevance congruence and contextroacsesacy.

Congruence Conditions

Based on the reviewed literature, the first hypothesis was that the ineahg
condition (i.e., high salience of low relevance items) impedes informatoohsand the
congruent condition (i.e., high salience of high relevance items) supports informatitdn sea
The incongruent condition was predicted to have the following results: (1a)drch sell
be lesssufficientin that the selection of all itenmecessaryor a correct decision will occur
less frequently. (1b) The search will be leHgientin that more unnecessary items (low
relevance and distracter items) will be selected, and elapsed tinmcr@ase. (1c) Without

a sufficient search, decision accuracy will be lower.

Salience Display Format

Two display formats were used to examine the effects of the congruenceorendit
when manipulating stimulus driven salience. Tag clouds were used to manipuiatesti
driven salience bgizeand lists were used to manipulate stimulus-driven salience by
position The hypotheses related to these two display format were: (2a) Mamigulati
stimulus-driven salience by size (tag clouds) will result in searbla¢site less sufficient and

efficient than manipulating salience by position (list). (2b) The differehetween the



congruent and incongruent conditions will be greater in the tag cloud display foemahé
list display format. (2c) The display format will affect decisioowacy. Decisions will be

more accurate in lists.

Context

The differences between contexts seen in prior studies relating to cogfaundn
disconfirming search patterns were expected to be replicated. THesendi¢s in search
patterns were expected to have the following effects: (3a) Because aimitiarity and
variability of social systems, searches in the social context witidre disconfirming
resulting in more sufficient and efficient searches with more acdegisions than technical
or natural systems. (3b) In contrast, the natural systems context wilbleamté confirming
searches that are the least sufficient and efficient, with faeemrate decisions. (3c)
Because searches are expected to be more sufficient and efficient in theystemn
context, the incongruent condition will affect search performance morevedgat the

social system context than the natural system context.

Confidence

The analyses of the participants’ confidence ratings were expecteoWdrsat: (4a)
Confidence in the decision reached will be high with no correlation to the accurhey of
decision. (4b) The congruence condition will not affect confidence levelsT#c3alience
display format will not affect the confidence level. (4d) Due to inherent antyig
confidence levels will be lower for decisions in the natural system caheaxin the social

or technical systems contexts.
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METHOD

Participants

Male and female participants from the University of Utah psychology undergeadua
participant pool were recruited to participate in this study. Each of the 9¢ijpeamts
completed the tasks individually. The duration of each experiment was appedyioret-

half hour and participants received credit towards a psychology coursesneguir

Design
Wason Selection Task

We adapted the Wason Selection Task (WST) to define and measure the sufficiency
efficiency, and type of search performed. The WST uses propositional logicsahddm
used extensively for over 40 years to study information search behavidnt(ireig999;
Wason & Johnson-Laird, 1970). The WST typically presents the participant withia rul
the form of ifP thenQ. Participants are asked to select from four cards with statements that
represent the, Q, not Pandnot Qvalues. When the cards are “turned over” they reveal a
correlatingP, Q, not Por not Qvalue that either supports the statement or proves the
statement false. Participants are directed to select the fewestrmfrobeds to prove the
statement false. In propositional logic, a condition&tifienQ is false only ifP is true and

Qis false. Therefore, a logically correct (optimal) method of informnadearch would be to
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select only th& andnot Qvalues. Since the value bt Pis irrelevant and the value §f
either confirms the statement or is irrelevant, the valuest® andQ are not necessary for
a correct decision. A searchsisfficientwhen either one cardP (©r not Qvalue) proves the
statement false or both tReor not Qcards are selected. Afficientsearch is one that
includesonly theP andnot Qvalues.

Using the WST, searches can be defined as confirming or disconfir@omgirming
searchesnclude selection dP values whichare necessary items ai@values withare not
necessary for an accurate decisi@isconfirming searchemclude selection d? andnot Q
values which arbothnecessary items. Therefore, disconfirming searches are moretdikely

be sufficient and efficient.

Overview

Twelve vignettes were used (see Appendix A). There were four vignettexfook
the three system contexts. Each vignette contained background information anchadiypot
framed in the form of a statement. A list of items was displayed belowghetie (see
Appendix B). Participants followed on-screen instructions to search awtlisaies from
this list to determine the veracity of the given statement. The study iddiowle
independent variables: $ystentontext conditior(natural, social or technical system), 2.
congruenceconditions(salience and relevance levels were congruent or incongruent) 3.
statement veracit{statement was supported or falsified), ansdience display formatigt
or tag cloud). The independent variabédience display formatias varied as a between
subject factor. Each participant searched information that was displaysdteatly per

session in either a list or a tag cloud format. All other independent variablesaved as
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within subject factors. Therefore, all participants viewed all levelseobther three
independent variables. The order of presentation of all levels of the independenésariabl
was counterbalanced across participants. The independent variables areinlefioed

detail below.

System Contexts
We considered three contexts: 1. Natural systems which for the purposes of this
study are limited to diseases; 2. Social systems pertaining to human com@snomit

interactions; 3. Technical systems pertaining to machines or man-madesdevic

Salience Display Format

Stimulus-driven saliency is manipulated fysitionor size(visual angle) in one of
two display formatslists andtag clouds Each display format includes 18 items (single
words or a word group). When the items are presentetisissaliency is manipulated by
list order using early lighositionto reflect salience that is potentially driven by primacy
effects. High salienceas defined as being one of the first six items in the lisiw saliencas
defined as being one of the last six items in the list. Ilishtormatthe 18 items are
arranged vertically in a consistent size and color.

The correspondintag clouddisplay format contains the same 18 items. However,
the selectable items are displayed in alternating colors of green artd bitferentiate
between the items. The stimulus-driven saliency of each item is maagbblatifferences
in the textsizeor visual angle of the item. Text is displayed in one of three sizes. The

smallest text size is defined as low saliency with a visual angle ahapyately 0.28
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(calculated using an average viewing distance of 22 inches). The lkavgeste is defined

as high saliency and is 2.5 times larger with a visual angle of approXiaisi.

Congruence Conditions

The relevance of each of the 18 items is determined by the content of the vignette
Adapting the Wason task selection paradigm, there are three eactiPofjheot PandNot
Q values. Thé andnot Qitems arenecessaryndsufficientfor determining an accurate
decision and are thereforeldfjh relevance Thenot PandQ value items areot necessary
for an accurate decision and are thereforlewfrelevance Additionally, six items that
could plausibly be associated with the given context are displayed. Thesartenot
members of the set &, Q, Not Por Not Qvalues and serve as distracters and are not
relevant to determining the veracity of the statement.

For each vignette there are two congruence conditioi@origruent conditionwhere
there is high salience for high relevance items and low salience forllvamee items.

(The distracters are of medium saliency); anth@ngruent conditionwhere there is high
salience for low relevance items and low salience for high relevante if€he distracters
are again of medium saliency.)

List. When presented adiat, the items were randomly but consistently ordered
within their relevance group (blocked) for all list displays (i.e., the feggvance items
always appear in the ordsot Q, P, P, Not Q, P, Not @ list displays for all vignettes).
Thehigh relevancetems are the first six items in tkengruent conditiorand the last six
items in thancongruent conditionConversely, théow relevancatems are the first six items

in the ircongruent conditiorand the last six items in tlwengruent condition The six
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distracters are always positioned in the middle of the list between the leganee and low
relevance values.

Tag cloud. When presented as a tag cloud, the position of the items was randomly
but consistently ordered for all tag cloud displays (i.e.Pth®@, Not P, Not @nd distracter
values of the 18 items are in the same position in all tag cloud displaykvignaktes). The
size or visual angle of an item varies based on its relevance and the congoreticen.
Specifically, in thecongruent conditiorthe items ohigh relevanceare the largest size and
thelow relevancatems are the smallest size. In theongruent conditionthe items ohigh
relevanceare the smallest size almv relevancaetems are the largest size. The six
distracters are always of medium size (visual angle of approximateR\Oen viewing

distance is 22 inches).

Statement Veracity (Supported or False)

Supported. When the statement is supported, selecting any d? tr@ues displays a
correspondin@ value. Selecting any of tmeot Qvalues displays aot Pvalue. Therefore,
all of the high relevance items support the statement.

False. A false statement is defined by one of the thmeeQvalues corresponding to
a P value (which falsifies the statement). Selecting either of the nttep values displays a
not Pvalue (which supports the statement). Selecting any ¢ ttadues displays a
correspondin@ value (also supporting the statement). Therefore, only one of the high
relevance values falsifies the statement. (The text displayedeleeting a low relevance

or distracter item is not necessary to determine the statementyegracit
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Dependent Variables

Five values were measured to evaluate the impact of the manipulation. These values
are : (a) Items selecte,(Q, Not P, Not @nd distracters); (b) The sequence of selection;
(c) Time to decision; (d) Decision — statement false or supported; (eld€oce in the
decision (scale of 1-10). These variables were used to determméfthency, efficiency,
decision accuracy, search pattern perfornagaiconfidencan the decision.

Sufficiency. The sufficiency of the search considers the conditiomeoéssaryand
sufficient.For supported statementselecting each of the six high relevance values (fPree
and threenot Qvalues) is necessary and together they are sufficient for deterrtiieing
veracity of the statements. Haise statementéinding the singlanot Qvalue that
corresponds to B value is the only selection necessary for a sufficient search. Sufficiency
was calculated and analyzed using a binary categorical measure hatbeatch was
sufficientor it wasnot sufficient

Decision accuracy. Accuracy is defined as correctly determining whether the
statement is supported or false. Accuracy is measured by comparing ttipgoait
selection decision with the actual statement veracity.

Efficiency. Efficiency is measured in three ways: (a) By consideringniféiciency
of the search as a ratio of the total unnecessary items seldotdd, (Qand distracters) to
total number of items selected (higher ratio is less efficient); (@l hommber of items
selected, including duplicate selections; (c) Time efficiency definyethe time elapsed from
vignette display to the time the participant made an assessment of éngestiadnd

identified the statement as supported or false.
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Search pattern. The traditional Wason selection task uses four cards, one card
corresponding to each valug, not P, Q, not QA search is defined to lw®nfirmingif the P
and theQ values are selected. A search is defined tisgEonfirmingif the participant
selects th® and thenot Qvalues. We included three items for eaBhnot P, Q, not Q
value. Participants weretlimited in the number of items selected or the number of times
each item could be selected. To determine the search pattern, duplicaienselaere
removed and the sum ahique Pandnot Qvalues selected was divided by the total of
unique selections to formdasconfirming ratiofor each vignette per participant. A
confirming ratiowas calculated in a similar manner by summing the selection of upique
andQ values and dividing by the total of unique selections.

Confidence. Participants rated their confidence in their decision on a 1-10 scale (10

being the most confident).

Procedure

Upon entry into the lab, participants were greeted and informed consent was obtained
for this IRB approved study. As part of the consent process, participaetgweemed they
could drop out of the study at any time with no penalty. Moreover, participantaisere
informed they had the option to not participate in this study but still receivarcasaedit
by reading and summarizing a related research article.

Because the presentation of information required the detection of differerg ablor
text, students were given an online color vision screening test (Waggonesfudbats were
allowed to continue the study regardless of the test results. However, based sulthe re

some students were not included as participants in this study.
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Participants completed the task individually. The application introducediparts
to the task, presented instructions and then all 12 vignettes were presenteel ia &ig
cloud or list display format. The task consisted of completing the following fetepach of
the 12 vignettes:

e A vignette was presented on the computer screen to be read by the participant.
e Participants selected from the 18 items to reveal additional inform&tjdp Not P,

or Not Qvalues or data related to the distracter items). Participants weteiadtto

select the fewest number of items possible for a correct decision. However
participants were free to click on the items in any order with no limit to the mwhbe
items or the number of times an item could be selected.

e Participants determined whether the statement was false or supportedaddde
that decision by selecting one of two buttons (“False” or “Supported”).

e A dialog appeared where participants rated their confidence in the decssigna
scale of 1-10 (10 being the most confident).

After completing the tasks the application presented a questionnaire t sotte-
demographic information. Information that would identify individuals was not ¢etear

stored as part of the study.



RESULTS

Issues and Overview

The analyses, unless otherwise stated, were performed using a generaididela
repeated measures test with the between-subjects fac@iiasfce display formdtist or tag
cloud) and the within-subject factorssyfstem context, congruence conditaomstatement
veracity Table 1 summarizes all of the hypotheses and corresponding results.

Decision accuracy ranged from 50% to 69% for 11 of the 12 vignettes. The notable
exception was a vignette where 85% of participants correctly ideraiésupported” the
statement, “Children who are vaccinated will not develop mumps.” Becausesthere i
theoretical basis for the higher decision accuracy for this vignett@jgnette was excluded
and decision accuracy was recalculated as a ratio of the number coeelcitige?2 and
Table 3 to compare accuracy analyses with and without the mumps vignette).

Both the number of items selected and time required for decision each only differed
in one condition. Therefore, the complete results of those analyses aredepdrable 4

and Table 5.
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Congruence
Sufficiency of Search

A nonparametric Friedman test was used to analyze how congruence affected
sufficiency? The sufficiency measures for each vignette were aggregated veétttin e
congruence condition. Contrary to hypothesis 1a, search sufficiency did not diffeehet
congruence conditiong?(1, N = 96) = .73p = .39 (congrueni = 3.08 of 6 searches

sufficient, SD=1.90; incongruentyl = 2.68 of 6 searches sufficie®D=1.74).

Efficiency: Inefficiency Ratio
More unnecessary items were selected in the incongruent condifrers5
inefficiency ratio,SE=.02) than the congruent conditiavi€.41 inefficiency ratioSE= .02)

F(1, 94) = 48.87p < .001,n,° =.34. This finding supports hypothesis 1b.

Efficiency: Number of Items Selected
There was no difference in the total number of items selected betweenarwegru

conditions (see Table 4).

Efficiency: Time
There was no difference in time between congruence conditions (see Jlable 5
Overall, analyses of the measures of efficiency for hypothesis laledve mixed

pattern: The inefficiency ratio indicates lower search performanthe incongruent

! Some of the data in this study were not normalyyriiuted (e.g., categorical measures such acmiflly
and accuracy). Therefore those data were analygied nonparametric tests. The Friedman test easebn as
a repeated measures analysis of variance for anggr
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condition. However, no differences in search performance were found between camgruenc

conditions in the number of items selected or the time to decision.

Decision Accuracy

Contrary to hypothesis 1c which predicts decision accuracy to be lower in the
incongruent condition, a related samples Friedman test revealed no differaccaracy
between the congruent conditiddl € .61,SD=.17) and the incongruent conditidvl € .61,

SD=.21),x%1,N=96) = .85 = .41.

Salience Display Formats
Sufficiency

To analyze the effect of the display format on sufficiency, measores&h vignette
were first aggregated across all vignettes per participant then a noeparandependent
sample, grouped by display format (list or tag cloud) Kruskal-Wallismastperformed.
Contrary to hypothesis 2a, no difference was found in search sufficiencydretiae list
display format and the tag cloud display format. (See Table 6 for compsiis

Contrary to hypothesis 2b, a related samples Friedmadidesbtshow an effect of
the congruence condition on search sufficiency in the tag cloud fddmatver, also
contrary to hypothesis 2b the congruence condition may affect the searciescyfof
searches in the list display fornfaSpecifically, searches were more sufficient in the list
display format when salience and relevance were congruent than when satiénce

relevance were incongruent.

2 Using a Bonferroni correction for multiple compsamis the significance level would be .025 (.05f8) this
value would not be considered significant.
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Efficiency: Inefficiency Ratio

Contrary to hypothesis 2a, the analysis of the effect of the display fdmmas s
trend for morenefficientsearches when manipulating salience by position (list) than the
display format where salience was manipulated by size (tag cle{d94) = 3.52p = .06.
(See Table 7 for comparisons.)

The analysis revealed a significant interaction between the digptagt and the
congruence conditior;(1,94) = 16.11p = .001. While fewer unnecesary items were
selected in theongruentcondition for both tag clouds and list displays, contrary to
hypothesis 2b, the effect mfcongruencevas numerically greater in lists. Post hoc analysis
revealed the difference between congruence conditions to be significastsanid

potentially significant for tag clouds.

Efficiency: Number of Items Selected

Contrary to hypothesis 2a, participants selected significarahg itemsvhen the
items were displayed ilists (M = 9.94 itemsSE=.54) rather thatag cloudgM = 8.29
items,SE=.54),F(1, 94) =4.70p = .03,np2 =.05. Also contrary to hypothesis 2b, there was
no indication that the congruence conditions affected the number of itemedeléerently

for the display formats (see Table 4).

Efficiency: Time
Also contrary to hypothesis 2a, there was no difference in time to decision between

display formats (see Table 5).

% Using a Bonferroni correction for multiple compsamis the significance level would be .025 (.05f8) this
value would not be considered significant.
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Decision Accuracy
To determine the effect of display format on decision accuracy, theaagdor each
search was aggregated as a sum across all vignettes per participaab(sefor all
comparisons). Contrary to hypothesis 2c, a nonparametric independent sample Kruskal
Wallis test showed no difference between display formats in decision egcura
Aggregating within congruence conditions then performing a Friedman related
samples test revealed that contrary to hypothesis 2b, there are no difféneammsacy

between congruence conditions for the tag cloud or for the list formats.

System Contexts
Search Patterns: Disconfirming Ratio

Consistent with prior research and hypothesis 3a, searches in the soesl Gdnt
=.57 disconfirming ratioSE= .02) were significantly more disconfirming than searches in
natural contextsM =.50 disconfirming ratiocSE= .02) or technical context¥(=.47
disconfirming ratioSE=.02),F(2, 188) = 16.52p < .OOl,np2 = .15. Pairwise comparisons
revealed differences between the social and natural systems coptex@){) and the social
and technical systems contexps<(.001). However, there was no difference in

disconfirming search patterns between natural and technical sysiatasts p = .12).

Search Patterns: Confirming Ratio
In support of hypothesis 3b, the analysis of the confirming ratio revealetisganc

the natural system contexX (= .55 confirming ratioSE= .02) to be more confirming than
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searches in the socid¥(= .50 confirming ratioSE=.02) or technical\l = .50 confirming

ratio, SE= .02) contextsi(2, 188) = 3.85p = .02,n,” =.04.

Sufficiency

A nonparametric Friedman test was used to analyze the differencescbf sea
sufficiency between contexts (see Table 9 for comparisons.). As preigittgoothesis 3a
the search context significantly affected the sufficiency of taeche? (2, N = 96) = 19.32,
p <.001. More specific comparisons revealed that the sufficiency of searcloegin s
systems was greater than the sufficiency of searches in eithelsgstemsy? (1, N = 96)
= 16.75,p <.001, or technical systemg: (1, N = 96) = 7.9p <.01. However, while searches
in natural systems were, as expected, the least sufficient theseeseaech not significantly
less sufficient than searches in technical systems.

Consistent with hypothesis 3c, Friedman tests revealed that the incongmuitibo
negatively affected search sufficiency in the social system copféktN = 96) = 6.48p =
.02, while there was no difference in search sufficiency between the coogreenditions in
the natural system context. Search sufficiency in technical systenadseadfected by the

congruence conditidny?(1, N = 96) = 4.60p = .04.

Efficiency: Inefficiency Ratio
The context of the search significantly affected the number of unnecessasy it
selectedF(2,188)= 19.39,p <.001. (See Table 10 for comparisons) Consistent with

hypothesis 3a, pairwise comparisons showed that fewer unnecessary iterselegted in

* Using a Bonferroni correction for multiple compsams the significance level would be .0167 (.0&/8) this
value would not be considered significant.
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searches in the social system context than searches in the nataassgontext or the
technical system context. Consistent with disconfirming search padiedrsufficiency
results, pairwise comparison showed there was no significant differetieesalection of
unnecessary items between natural and technical systems contexts.

Finally, there was an interaction between context and the congruence condition
More unnecessary were items selected in the incongruent conditicacfocentext.
Consistent with hypothesis 3c, the incongruent condition affected searches inahe soci
system context;: (1,95) = 27.97p <.001,np2 = .23; however, the congruence condition also
affected search efficiency in the natural system conftefd,95) = 9.67p <.01,np2 =.09,
and the technical system context1,95) = 44.54p <.001,np2 =.32. (Analysis of the
difference between the congruent and incongruent conditions was performegastshgc

tests for each context.)

Efficiency: Number of Items Selected

Contrary to hypotheses 3a and 3b there was not a significant difference between
contexts in the total number of items selected (see Table 4). While the diéfbetmeen
congruence conditions in the natural and technical systems context was not sigtifecant
difference approached significance in the social system cohté€kt94) = 3.33p = .07.
Feweritems were selected in the incongruent condition in the social system context
(incongruentM = 8.49; congruentyl = 9.32). Contrary to hypothesis 3c the incongruent
condition did not negatively affect efficiency measured by the numbemad gelected in

the social system context (see Table 4).
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Efficiency: Time

Contrary to the expectations of hypothesis 3a and 3b, efficiency meagunexk lior
decision did not differ between contexts (see Table 4). The only condition wgthifecaint
difference in time was between the congruence conditions in the social systetext (8.14
second difference); (1, 95) = 4.63p = .03, with search times being less in the congruent
condition M = 72.54 second$§E= 3.96) compared to the incongruent conditibh=80.68

secondsSE= 4.89).

Decision Accuracy

The binary value of decision accuracy was aggregated within each context per
participant. Consistent with the predictions of hypothesis 3a and 3b, a relatedssampl
Friedman test showed decisions in the social context were the most actulaeaisions
in the natural system context were the least accyfd N = 96) = 16.25p <.001 (see
Table 11 for comparisons). Decision accuracy in the technical systecomagarable to the
social system context.

Contrary to hypothesis 3c, the incongruent condition did not impact decision accuracy

in any of the system contexts.

Confidence
Accuracy
After each decision, participants rated their confidence in their decisiarscale of
1 to 10 (10 being the most confident). As predicted by hypothesis 4a, the overall cenfidenc

levels were high (7.77) and the confidence interval of judgments was smail4G18.1).
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Also as predicted by hypothesis 4a, a nonparametric two-tailed Spearmarosretation
computed pairwise for decision accuracy and confidence for all 12 vignettes diecvewit r

any correlations between accuracy and confidence (see Table 12).

Congruence
Consistent with hypothesis 4b, the analysis shaweatifference in confidence

between the congruence conditions (see Table 8).

Display Format

Contrary to hypothesis 4c, participants werare confidenin decisions made after
searching items displayed irtagg cloud(see Table 13). While the congruence condition
alone did not significantly affect confidence, there was an interaction bethwee
congruence condition and the display format. When items were selected frgpici@uth
confidence wakigherin thecongruentcondition than the incongruent condition. However,
when items were selected from a list there was a trend for confidencaitghbein the

incongruentcondition.

System Context

Contrary to hypothesis 4d confidence was not lower for decisions in the natural
system context (see Table 13). There maslifferencen confidence levels between any of
the contexts. The difference between the highest confidence level and thenagesly

0.24 points. The difference between congruence conditions in the technical systermn contex
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approached significance while there was no difference in confidence between congruence

conditions for the natural and social system contexts.



Table 1

Hypotheses and Results

Hypothesis Results
Congruence
(1a) Sufficiency — incongruent  Not supported

condition less sufficient than
congruent condition

No difference in search sufficiency between congcee
conditions.

(1b) Efficiency — incongruent
condition less efficient

Mixed results

e More unnecessary items were selected in the
incongruent condition.

¢ No difference in total number of items selected.

e No difference in overall time to reach a decision.

(1c) Decision accuracy —
incongruent condition less
accurate

Not Supported
No difference in accuracy between congruence ciomgit

Salience display format

(2a) Tag cloud display less
sufficient and efficient than list
display

Not supported

Sufficiency

No difference found in search sufficiency betwédentag

cloud and list display formats.

Efficiency - Opposite effect

e Trend for more unnecessary items selected in lists.

e Overall more items were selected in the list format
display than the tag cloud display

e No difference in time

(2b) The differences in
sufficiency and efficiency
between the congruent and
incongruent conditions will be
greater for tag clouds than lists

Not supported

Sufficiency

The congruence conditions did not affect searcficsericy

in the tag cloud display format. However searchiese less

sufficient in the incongruent condition for lists.

Efficiency

e More unnecessary items were selected in the
incongruent condition for both tag clouds and listhe
numerical difference between congruence conditions
was greater for lists than tag clouds.

e The congruence conditions did not affect the total
number of items selected for either tag cloudssor |
display formats

e Time was not affected by congruence conditions and
display formats.

(2c) The display format will
affect decision accuracy

Not Supported
¢ No difference in decision accuracy between display
formats.

e No difference in accuracy between congruence
conditions for lists or tag cloud display formats

27
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Hypothesis

Results

Context

(3a) Searches in the social
context will be more
disconfirming, more sufficient,
more efficient and more accuratt
than searches in natural or
technical systems contexts

Disconfirming — Supported

Searches in social systems context were more discimg

Sufficient — Supported.

Searches in social systems were more sufficiemt tha

searches in natural or technical systems contexts.

Efficiency — Mixed

e Fewer unnecessary items were selected in seanmthes i
the social system context.

¢ Not a significant difference between contexts i th
total number of items selected.

¢ No difference between contexts in the time to denis

Decision Accuracy — Supported

Decision accuracy was highest in the social systemtext.

(3b) Searches in the natural
systems context more confirming
least sufficient, least efficient an
least accurate

Confirming — Supported

Searches in the natural systems context were more

confirming than searches in social or technicatlesys

contexts

Sufficient — Mixed

Searches in the natural systems context were Uéfisiant

than searches in the social systems context, lut no

significantly less sufficient than searches intdgehnical

systems context.

Efficiency - Mixed

e More unnecessary items were selected in searches in
the natural system context than searches in thalsoc
system context, butot more than searches in the
technical system context.

¢ No difference between contexts in the number ohgte
selected or time to decision.

Accuracy — Supported

Decision accuracy was lowest in the natural systentext.
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Hypothesis

Results

3c) Incongruent condition will
affect search performance more
negatively in social context than
the natural system context

Sufficient — Supported

The incongruent condition negatively affected skearc

sufficiency in the social and technical systemstexts but

did not affect search sufficiency in the naturateyn.

Efficiency — Mixed

e The number of unnecessary items selected increased
the incongruent condition in the social system egint
more than in the natural system context. Howether,
efficiency of searches in the technical systemednt
was the most negatively impacted by the incongruent
condition.

e The congruence conditions did not impact the total
number of items selected more negatively in théasoc
system context. In fact there was a trend for fewe
items to be selected in the incongruent condititthe
social system context.

e The largest difference in elapsed time between
congruence conditions was in the social systemestnt
However, time to decision in the natural systentexin
was greater in the congruent condition.

Decision accuracy — Not supported

No difference in accuracy between the congruence

conditions in any of the system contexts.

Confidence

(4a) Confidence will be high witk
no correlation to decision
accuracy

Supported
No correlations between accuracy and confidencé Xoof
the vignettes.

(4b) The congruence condition
will not affect confidence levels

Supported
No difference in confidence between the congruence
conditions.

(4c) The salience display format
will not affect the confidence
level

Not supported
e More confident in decisions made after searching in
tag cloud.

e Interaction with congruence condition. Confidence
higher in the congruent condition in a tag clodadend
for higher confidence in the incongruent conditiom
list.

(4d) Confidence levels will be
lower for decision in the natural
system context than social or
technical systems contexts

Not supported
No difference in confidence levels between contexts




Table 2

Accuracy Comparisons With the Mumps Vignette Outlier

Condition Mean SD y’value pvalue
Total |%
(of 6)
Congruent 3.64 | 65% 1.04 (1,N=96) .03
Incongruent 3.90 | 61% 1.08 5.07
(of 12)
Tag clouds 7.77 | 65% 1.72 (1,N=96) .25
List 7.29 | 61% 1.66 1.34
Tag cloud (of 6)
Congruent 3.65|61% 1.16 (1,N=48) .04
Incongruent 4.13 | 69% 94 484
List (of 6)
Congruent 3.63|61% 91 (1,N=48) .38
Incongruent 3.67 | 61% 1.17 1.13
(of 4)
Natural 2.46 | 62% 85 (2,N=96) .19
Social 2.66 | 67% 94  3.30
Technical 2.42 |1 61% 1.01
Social (of 2)
Congruent 1.33|67% .61 (1,N=96) .87
Incongruent 1.32 | 66% .59 A1
Technical 1.25| 63% .6 (IN=96) .31
Congruent 14
Incongruent 1.17 | 59% .59
Natural 1.05 | 53% 57 (IN=96) <.001
Congruent 15.51
Incongruent 1.41171% .57




Table 3

Accuracy Comparisons Without the Mumps Vignette Outlier

Condition Mean SD y’value  pvalue
(% correct)

Congruent .61 A7 (N=96) .41

Incongruent .61 21 .85

Tag clouds .63 1.66(1,N=96) .31

List .59 1.65 1.03

Tag cloud

Congruent .61 19 (1,N=48) .56

Incongruent .65 18 .53

List

Congruent .60 A5 (1,N=48) .67

Incongruent 57 23 .33

Natural .53 27  (IN=96) <.001

Social .66 23 16.25

Technical .60 .25

Social .66 23 (I,N=96) .001

Natural .53 .27 10.89

Social .66 23 (I,N=96) .12

Technical .60 25 2.77

Natural 53 27 (L,N=96) <.01

Technical .60 25 7.35

Social

Congruent .67 30 (1I,N=96) .87

Incongruent .66 29 11

Technical

Congruent .63 30 (I,N=96) .31

Incongruent .58 .30 1.4

Natural

Congruent .53 31 (L,,N=96) .91

Incongruent .55 .50 .053
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Table 4

Number of |tems Selected

Condition Mean (items) SE F value pvalue

Congruent  9.12 37 (1,94) .96

Incongruent 9.11 A7 .002

Tag clouds 8.29 54 (1,94) .03

Lists 9.94 4.70

Display x Congruence (1,94) .81
.057

Tag cloud

Congruent  8.26 52

Incongruent 8.32 .63

List

Congruent  9.99 52

Incongruent 9.90 .63

Natural 9.30 51 (2,188) .70

Social 8.91 46 .37

Technical 9.13 44

Context x Congruence (2,188) .07
2.75

Natural

Congruent  9.01 (1,94) .25

Incongruent 9.62 1.36

Social

Congruent  9.32 (1,94) .07

Incongruent 8.49 3.33

Technical

Congruent  9.04 (1,94) .66

Incongruent 9.22 19
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Table 5

Timeto Decision

Condition Mean SE F value pvalue
(seconds)

Congruent 77.07 3.01 (1,94) .50

Incongruent 78.56 3.19 .45

Tag clouds 80.51 538 (1,94) .35

List 75.11 5.38 .87

Natural 76.54 4.07 (2,188) .61

Social 76.61 4.03 .49

Technical 80.29 3.33

Social (1,95) .03

Congruent 72.54 3.96 4.63

Incongruent 80.68 4.89

Technical (1,95) 71

Congruent 79.66 3.62 .14

Incongruent 80.91 3.83

Natural (1,95) A2

Congruent 79.01 416 24

Incongruent 74.07 4.57

Table 6

Sufficiency: Display Format

Condition Mean SD y’value  pvalue
