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Abstract
The purpose of the following two studies was to examine performance and subjective workload
differences between two types of information organization syst@rganizing information by using
hierarchical categas or by labeling (i.e., taggingachhastheir benefits and drawbackdHowever, no
empirical work has examined the performance advantages of one system over thie &kperiment 1,
taxonomies and tagging were compared in terms of how they affemtidmance and workload at the
information organization stagé.he results showed that users encountered greater frustration when
organizing information in the tagging system. However, they also organized information more quickly in
thetaggingsystemcompared to the taxonomic system. Experiment 2 examined performance and
workload at tle information organizationandretrieval stage using a computerized interface. The results
showed that taxonomic systems resulted in fasters to organize informiain, but alsaresulted in more
mouse clicks at retrievalOverall, the results show that each information organization scheme may lead

to different performance outcomes.



With the ubiquity of information technologies, a large portion of our Spentonline is looking
for information (Pew Internet and American Life Project, 2006has been estimated that workers spend
between 15% and 30% of their time searching for informafefdman, 2004 At home,looking for
informationis thepredominangctivity when we are researching a health condition, searching for a
friendbds emai |l &hdhksteeBular,phoaeplaithe sukcess @ ouf irdarmation search
activities has a direct effect aur productivity at work anthe quality of the dgsions we make (e.qg.,
losing a potential customer, deciding@Medicaredrug plar).

In additionto retrievinginformation we spend a large portion of our tilmeyanizinginformation
with the intent of retrieving it laterJust imagine the most frequeask of your typical day: a large
majority of the tasks probably invol¥ding information away for later retrieval (e.g., documents, emails,
andphotographpeither electronically (e.g., on a hard disk) or otherwise (e.g., file cabiréis)
strateges that we use timitially organizeelectronic documents may contribute to our ability to retrieve
this information at a later timend with the least amount of error and frustration.

Existing psychological literature on information search and retrleasbeerfocusedon
examining how user characteristics (e.g., cognitive ability, search strategies) influence success or failure
in the information search tagk.g.,Stronge, Rogers, & Fisk, 2008@icente & Williges, 1988) The
results have shown thtitere are many factors to consider when tryingredictsuccess or failure. For
examples pat i al ability has been consistently shown
to navigate information structures (e@hen & Rada, 1996; Staay & Salvendy, 199532ak, Rogers, &
Fisk, 2008.

Another ability factor that has been shown to be importainfémmation retrieval taskis
working memory capacity. Measures of working memory have frequently been found to be related to a
wide rangeof technologyrelated tasks (programming, Davies, 1993; computer data entry, Czaja & Sharit,
1998; internet use, Morrell & Echt, 1996; telephone menu systems; Sharit, Czaja, Nair, & Lee, 2003;

basic computer skills, Echt, Morrell, & Park, 1998). Indeedp#yehological processes required when



interacting with different forms of technology (ke& primary task goal in mind as well as s1dals
while trying to remember previous information) seem consistent with the definition of working memory.
One limitationof previous studies may be that fherrticipants searched throubterarchically
organized systemdn hierarchical systems, information is organized into general categories that may
have parent/child relationships with each other (e.g., the parenbcatgg of Af i |thessdb may c on
categoryof Aproj ect 10) . To efficiently search thr ouc
able to kep track of where thgare in the hierarchyhich requires adequate working memory and spatial
ability (e.g., Pak, Rogers, & Fisk, 200&harit, Czaja, Nair, & Lee, 2003)
One waythat the system cagpotentiallymitigatesome of thecognitiveability demands of the
task would be to rerganize the hierarchical structure of the system to include Ioneeglthand less
depth(Jacko & Salvendy, 1996; Zaphiris, 2008n information system with more breadth and less
depth would be less reliant on working memory capabilities and spatial abilitiesld people be better
able toretrieveinformation ifthe orgargation of information was not hierarchical (thus relyson
working memory and spatial ability)
One example ad nor-hierarchicainformation organization systemtasgging systemsin
tagging systems, data are assigned descrilatbads or tags instead of being placed in discrete spatially
organized |l ocations (e.g., a document | olated in
tagging system, users would be presented with a list of labels as the search interfacendil avas
| abeled as Awor ko, fproject A0 and, Ai mportanto s
(similar to theGoogle wekbased amail servicg. Taggingsystemsnay be less deanding of cognitive
abilities such asvorking memory and spatial abisbecaus¢hese systemarenornthierarchical and may
notrequire the useotkee track of the spatial relationships between categories
Existing literature on tagging has stressed the benefits of tagging in collaborative settings (e.g.,
Furnas et alR006; Golder & Huberman, 2006, Gordbturnane, 2006). In these settings, other people
would share in the burden of applying descriptive tags to data. However, collaborative tagging is not

practical for personal data where privacy is an issue such as-midlls or documents. It may also be



extremely effortful if a large quantity of information must be organiednethelesstagging systems,
represent an alternative teixonomicakystems when users are organizing their personal docuimants
one thatmay place less or different demands on abilities.
There is muctenthusiasnabout the purported benefits of tagging compared to more traditional
ways of organizing informatiofe.g., Furnast al, 2006 Sinha, 200p Howeverthis has not been
supportedry empirical evidence showing usability or performance benefits compared to traditional
methods of information organizatiol¢rville & Rosenfield, 200%
Characteristics of Taxonomy & Tagging Systems
Organizing information into taxonomies or by labelimigh tagscould be considered strategies
(ways of organizing information) or systems (imposed by the computer system). This distinction is not
important for thecurrentd i scussi on and we wi || subsequently wuse
Taxonomical ad tagging systems are notable ttoe differences in cognitiveperations required at
organization (i.e., using the system to organize information) and retrieval (i.e., using the system to
retrieve earlier information).
Taxonomy.Taxonomicalkystemsnvolve organizing informatiohierarchically Hierarchically
organized menus atiquitousin modern computer systems (e.g., Windows Start meforn example,
in a computedropdownmeny t he options of ASavedundarthdmei Pr i nt 0 v
menu AFil ed because saving and pri ntManygebaitese oper a
also arrange their content in a hierarchical fashitime vast majority of the information search tasks
investigated in previous studies have ineal\the user searching through a hierarchicallgmiced
information system (for a review see Pak, Rogers, & Fisk, 2006
When users are organizing information into a taxonomical system, they are creating a model of
the information in an atloc fashion.Taxonomically organized informatias also similar to the
cognitive constructs of schemas (Fiske & Taylor, 198h)l mental (situation) models (Morrow, Stein
Morrow, Leirer, Andrassy, & Kahn, 19975chemas are knowledge frameworks that contain infamat

arranged hierarchically (Taylor & Crocker, 1981). Schemas play an important role in allowing us to



organize and remembararge amount of informaticand interprehew information.Organizing
information into these kinds of knowledge structures erd@yance the ability to recall information at a
later time.

The depth of the hierarchiztowevercan introduce difficultie$or information retrieval
Navigating particularly deep hierarchical information structures can also be cognitively demanding (e.g.,
Pak, Rogers, & Fisk, 2006). sdrscanget lost in thesystem(Edwards & Hardman, 198¥icente,

Hayes, & Williges, 1998) leading to decreasathvigational performance (Seagull & Walker, 1998n
alternative informatiometrieval interfaces one thath at h a s ormganidatidialstruttilegmore
breadth less depth)

Tagging. Tagging involves the application of word labels to individual documents or pieces of
information. There is no explicit organization such as in taxonomical systems, ingtedabels, or tags,
applied to the files are used to succinctly describe the contents of th€ddging is a popular way to
organize informationonline e . g . , AFl ickrd for picture organizat.i
organization).

The purportedenefits of tagging are thoughtlie in the ease with which people are able to
comepwi t h At ags 0 ssociatektebitsvobinfodhration (8inha, 2005his isassumedo be
an easieprocess than trying to organize informatioroidiscrete categorigsecause categorization
involvesa process of deciding the optimal categ@slectionof conceptsand therdecisior) while
tagging does not (selection onlyAnother benefit of tagging is the inherent social computing aspects
(i.e.,tagging online documents for others). Howewasra first stepthe current research is limited to
examining individualevel tagging (i.e., tagging documents $etf, but see Pitman & Payne, 2006

The costs of tagging systenis in the need to tag dapiece of information. To comguwvith a
descriptivelabel, one must deeplgrocess or engagmachitem of information This is contrasted with
taxonomical systems where itespecific information is not usually generated; instead the goal of
categorizabn is to determine how the-tze-organized item is similar to a generic categoris

requiremento generate iterspecific labels, versus generic categories, lmagt to a higher level of



workloadduringinformationorganization, especially if the iteim difficult to describe. Additionally
good verbal ability (i.e., accumulated knowledge) is required to be able to create dedegstive
However, thigddeeper level of processimgay prove beneficidbr retrieving information Extra effort
due to he need to generate descriptive labels at the organization phase may produce a more durable
memory trace for later retrieval (e.g., Slamecka & Graf, 1978).
From the perspective of information retrieval, tagging allows an object (e.g., a photograph or e
mail message) to receive multiple descriptive labels, each of which may be completely independent from
each other in the sense that they labels may not be hierarchical. For exangteil message from
Alicemay be tagged wit hAlicedh e amar dig,e afda g iemgpa, Mhe | ¢
relevant to the content of the message, cannot easily be organized in a hierarchical fashion. The benefit of
the email message being tagged with the lalgethat at retrieval, the user can select drphe® above
tags and be taken the appropriate-enail message.
Compare this to taxonomical systems, where inf
(e.g., Manuscripts/CogTech/Studg2dhat is, the desired information can only be found ifdingle
correct category/subategory is identified I n the taxonomical hi erarchy,
must be known beforehand, thenthe-suat egory of @A CogTec-tategogynfd fi nal |y
AStudy?20. I f t he us enitial tbidee & categoty, theyanmapbe onsucaessfklato w t h
retrieving the desiredma i | message. Thus, tagging systems see
the desired information than taxonomical systems (which require the knowledge of-kieelaptegory
first).
The distinction between tagging and taxonomical organizational systems could be seen to exist on
a continuum from structed organization (taxonomy) tostructured organization (tagging). This
distinction is similar to the strategies arponal information managemestiservedy Boardman and
Sasse (2004) between Afrequent filerdodolEetrbdsd twhe

who do not use an organizational scheme).



To summarize,dgging systems have been embraceditbgrdnt commercial producind there
is some theoretical reason to hypothesize that taggaydhelp people organize and retrieve information.
However there is still little evidence to support the idea thggingenhances information organization,
and more important, improves retrieval (i.e., the ability of useretdhe information they need)
compared to more commdnmerarchicaimethods especially for information retrieval.
Cognitive Processesnvolved in Taxonomy and Tagging Systems

In an attempto delineate the differences between taxonomical and tagging systems, we first task
analyzedhe organization and retrieval of informationder each type of systerfigure B and 2b
(adapted from Sinha, 200#ustratethe generic presumesbgnitiveprocesses involved iorganizing
informationinto taxonomical and tagging systeniBhe processes described in tthi@gramamay be
generalizeabl#o differenttypes of information (e.g., individual emails, internet bookmaaks,
photographs However, forclarity, the following examplewill use the organization of photographs into a
taxonomical systemFigure Jashowsthe processes involved iorganizing taxonomically.

First (Step 1.0)when the individual is presented with alt@organizedohotographmary
different concepts may come to mind (e.g., birthday party, vacation, the year the photograph was taken).
In order to place the photograph in the appropriate category, the usdirshigéntify the optimal
categoryfor the photograph given its mairetines (Ste 2.0; e.g, summeacation). This st involves
examinng and selecting the most appropriate categtirgn appropriate category does not exist, the user
will generate new category or new switegory to place thghotograph(Step 2.2, creding a new
vacation album).If an appropriateategory exists (e.g., an album or envelope for vacatiotographs
the user will place the photograph into that categoryp($18. They would repeat this process for each
photographuntil all photograpk are categorized.

When the user later wants to retrieve a spepliiatograph(e.g., the vacatiophotograprat the
beach) he or shanmay go throub the steps outlined in Figura.2In the taxonomic system (Figure 2a),
the user would start by havirsggeneral conception of thghotographthey want to retrievéStep 1.0).

First,the user will have to identify the appropriate-tepel category (e.g., the main album containing



vacationphotographsStep 2.0). Once the main category has been identifiezl uger will then
subsequently Adril/l downo to more specific catego
vacation section within the vacation albustep 2.1) until they reach the items within the category.

Finally, they can therelectthe appropriatghotograph(Step 3.0) A similar process for organization

and retrieval in a tagging system can be followed in Figures 1b and 2b

Based on ouprocessingnode| there is the potential for performance and perceived workload
differences betwen the two organizational systemhse todifferences in the level afecision making,
working memory, attention, or spaltiability requirementsComparestep 2 in the tagging and
taxonomical diagrams (Fégla, and 1hb In the taxonomical condition, §t@ involves analyzing the
existing categorieand selectinghe besfit categoryfor the tobe-organized item The user would have
to decide if existing categories were sufficient to contain thetorganized item or whether a new
category needs to lmeeated which may be an effortful process.

However, becaudhe tagging system requires the creatid a descriptive labelr labelsthat are
unique for theo-be-organized itenfstep 2) it may require more engagement with the material and thus
incur higherworkload than the taxonomical method which only requires a general category or sub
category. The critical task difference, we argue, may be that taxonomical systems only require a generic
categorization (which may not need deep encoding) while tg@gistems require generation of specific
descriptor labels (which may require deeper encodifig)s task difference should resultperformance
and workload differences at organization or retrieval.

The goal of théexperiment was to examine potentiperformance andorkloaddifferences
between two ways of organizing informatioBurrently, there exists nesearch that compares the costs
and benefits of these two kinds of information organizational syst@étes hypothesized increased
engagement of aterial and subsequent sgineration of @escriptivetag in taggingould lead to a
more durable memory trace which may enhance é&diiity to retrieve thgphotographe.g.,Slamecka &

Graf, 1978. While both groups of users must generate termsdi@gories or tags, the tagging group is



expected to encounter a higher degree ofgeatieration because each item musspmificallydescribed
compared to a generic classification in taxonomy.

Thus, the question remains, how do e systems vary inerms of performance and workload
attheinitial informationorganization stage?s noted, the vast majority of previous studies examining
computerbased information search tasks hatiézed a hierarchically organized system. Additionally,
there is litte empirical evidence to support the notion that taggysiems arenoreusable (i.e.,
enjoyable, intuitiveleads to better performar)ce
Experiment 1: Comparison of tagging and taxonomy for information organization

In this first study, we were primayiinterested irpotential performance differences at the
organization stagéi.e., when users are filing information awayased on our analysis of the cognitive
processes during tagging or taxonomical organization, we edtbetfor information orgaization,
taggingshould result in higher perceived workload and increased time to organize a set of information
compared to theaxonomicalkondition. These hypotheses come from the assumptioartfatizing
information within atagging system requiregeberengagement and elaboration with epbbtograph
compared to organizing using a taxonomy.

Participants organized paper photographs using a simulated taxonomical or tagging Sistem.
cognitive operations involved in our experiment were meant telglosplicate those hypothesized in our
decision/action diagramWhile most information organization and retrieval tasks may involve interacting
with a computer, we felt that because the focus of our initial investigatioa n@mad assessment of
potental differences iperformance and workloduktween systems lowfidelity, pape&-based study
was appropriate.

Method
Participants

Thirty undergraduate studes, 17 women andl3 men ranging in age from 18 to 25 years of age,

completed the studyhe mean ge was 20.58D= 2.0. Theparticipants were recruited from psychology

classes at Clemson University areimbursed ¥ for their participation. The participants weesndomly
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assigned tan experimentagroup (described below)Data from three particgnts was excluded from
further analysis because their time to organize the photograashgreater than two standard deviations
above the grgumean.
Materials

Photographs Sixty royalty-free color imagesvereobtained from a stock photograptympany
Thepredominantontent of themages wer®f people places or landscapesnd objed (twenty in each
category). The photographsvere selected at randonithin each topical categoryith theconstrainthat
photographsesembled everyday photographenipared tahose that looked professidhacomposed).
An additional 10 images were randomly selected to use as practice photographeageswere
professionally printed on pkagraphic paper (glossy finish) at 4 inches in height and 6 inches in width.

Subjective workloadssessmentP ar t i ¢ i p a worklead vwas measeinedwitd
computerized version of tidational Aeronautics and Space Administrafi@sk Load IndeXNASA
TLX; Hart & Staveland1988). Participantsstimatedheir level of workoadalongsix dimensionsf
workload (mental, physical, temporal, performance demand, effort, and frustrattm).used a mouse
to indicate their responses on a visual analog scale.

Ability tests Three standardized cognitive ability tests were usetdracterizéhe participants
in this study and to assure randomization of participants between condiiomsests were the Digit
Symbol Substitution (Wechslet997 a measure of perceptual speed), the Shipley Vocabulary Test
(Shipley,1986 a measte of crystallized intelligence), and the Reverse Digit Span (Wechsler, 1997; a
measure of working memory)here were nagignificantdifferences irany of the abilitiebetween the
two experimentagjroups.

Design andProcedure

Thestudywas a twegroyp design with organizational systefiagging or taxonomyas a

between groups vatie. The dependent vimbles were organizational tinsedsubjectiveworkload

Upon arriving at the laboratory, participants read and signed an experimental consent ferm. Th

11



participants were familiarized with one of two methods to be used to organize photographs during the
experiment

Participants assigned to ttexbnomiccondition were told to organize the photographs into main
categories.The participants were instrigd to write the name of their categories on ftasdtes. They
were not limited in the amount of categories they could use, and the categories could be arranged
hierarchically such that categories could exist within other catedetggs main categorg f O6vacati ono
couldhaveasub at egor y oHlierabchicalrmategariés were created by using paper folders.

Participants assigned to tteggingcondition were told to organize the photographs by assigning
an unlimited number adescriptive keywaits, or tag$o each photograpfhe participants were
instructed to write down tags relating to each photogoapaPostit noteandattachit to each
photograph.Both groups were told to organize the photographs as quickly as possible.

The participantsvere givenl0 photographs to practice organiziaging their assigned method
After completing the practice taskach participardrganizel 60 photographasing their assigned
method. The total time to complete the organization task reasrdecby theexperimenter After
completingthe organization task, the participants completedtl¥ workload questionnaireTo ensure
that participants understood eagbrkloadcomponent, they were givem instructional handout
describing each workload componefinally, participants completed the three ability tests.

Results

Mean organizational time and workloedmponergare presented in Table There were no
growp differences in cognitive abilitig@gvorking memoryvocabulary, and perceptual speetfowever,
participants in the taxonomy condition took significantly lon@drout 775 secondg) organize the
photographs thaparticipants in the tagging conditi¢gabout 450 seconddj(1,26) = 12.3p < .05. This
finding was surprising because it was extpddhat the task requirements for the tagging condition would
be greater than the taxonomy condition. The increased time required to organize photographs into a

taxonomical system may be explained by the informal observation that participants in tioetaxo
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conditionseemednore likely tore-organizephotographs into different categories than participants in the
tagging condition (e.g., moving a photograph from one category into another).

While total workload was not significantly different between gsyugvel of frustration, a
component of workload, did show significant goalifferencesfF(1,26) = 4.2p < .05, with the tagging
groy reportingmorefrustration than the taxonomy groupor this component of workloagarticipants
were askeduré@dhowi soeeraged, irritated, stressed a
Staveland, 1988). No other component of workload showed significarg difterences. This increased
frustrationin the tagging condition may come from the need tateedescriptivetag for each
photographa tak stg that maybe verbalability demanding However it was surprising that this
increasedrustrationin taggingconditionwas not associated with a concomitextease in
organizational timeompared tdaxonomy.

Discussion

The goal of Experiment 1 was empirical evaluation gferformanceand workloaddifferences
between two systems of organizing information (taxonomical and tagging). Using ébpagdrsorting
technique, the study focused on theiahibrganization of information (compared to retrieval of
information). The results suggest that while taxonomical methods result in longer organization times,
taggingledto a greater sense of subjective frustration. The source of the frustrationmeajrem the
need to engage each of the 60 photographs and produce descriptive tags.

A major limitation of Experiment 1, however, was the papesed implementation. While the
sorting of paper photographs was presumed to tap the same cognitive priosebsed in organizing
electronic information, therneeresizeable unanticipatediifferences irtask strategiebetween
conditions For exampleseveral participants in the taxonomy condition tended to organize their
photographs into piles, or unlabelegtegories, and theajive the piles categorical labels. They
essentially broke the task down into two steps (initial gross organization, théuarfing). However,
participants in the tagging condition, by the nature of the task, were forced to leth@hesograh one

by-one These participant®nded not to revisit their previous tags for ftnaing. While the taxonomic
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strategy of organizing photograpbisserved in some of our participants (tgtep: gross organization
and then finguning) was gpropriate for paper photographs, it may not be representative of the way in
which electronic information is organized.

Experiment 2 was designed to address some oftathodological limitations of Experiment 1
and to assess the potentiadjanizationalnd retrieval differences between ttegging and taxonomy
systems Would there still be performance (i.e., time) differences at organization and retrieval in a more
controlledand representative task?

The results of Study 1 suggestentialhypotheses garding retrieval differencdsetween
systems Organizing information using a taxonomic system took longer than using a tagging system. The
longer time to organize using the taxonomic systemidresult infasterretrievalof information
(mediated by anore durable memory trace) compared to the tagging metflmaltagging method which
requires more sefjeneratiorfrom the userqdgompared to sefjenerated categories in taxonomical
systems) maxlsoresult in a better memory trag@ediated by deeper eamgement of the photographs)
However, he increased level of workload (driven by frustration) in the tagging condition could translate
to areduced legl of performance at retrieval.
Experiment 2: Comparison of tagging and taxonomy for information retrie\al

The goal of this experiment wasftotherinvestigatehe performance and workload differences
between taxonomical and tagging information interfaces. More specifically, we were interested in
understanding whether there would be information retrig¥irences when users organized information
using either aaxonomicabr tagging interface. Our hypotheses were generated from our process model
of each systenHgures 1 and)2

Experiment 1 showed that the two conditions vasigdificantlyon the anount of time it took
participants to organize information, and in termsuddjectivefrustrationat the time of organizatioout
it could not answer the question of whether one kind of system was better in terms of retrieval
performance Would the extradime needed under taxonomic conditions prochetterretrieval

performance compared to tagging?hat would be the effect on workload at retrievél@ditionally,
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strategic differences in task procedbsgween groups that may have contributed to difiege in the
results in Experiment 1 were controlled in Experiment 2.

Similar toExperiment 1, the primary dependent variables were organizational time (how long it
took participants to organize information), measures of workload (at organization aevbietind
retrievalperformance (retrieval timerrors). Different from Experiment 1, this study examined retrieval
performance using a compueased tasknstead of a lowfidelity paperbased taskin this study,
participants organized 60 photograpising a computer interface based on either a taxonomy or tagging.
Afteradelayp ar t i acetripval perfarmdance & subset ofhe previouslyorganizedghotographsvas
examined.

Method
Participants

Fortyfive participants28 women and 17 men rangiimgage from 18 to 3participated in the
secondexperimentmean age was 19.4 (SD = 2.@articipants were undergraduate students who
received either course credit or $lAwenty one participants were assigned to the taxonomydfdu
women, 10 men) wilke 24 participants were assigned to the taggingm(tdd women, 7 men)All
participants were intermediate computer users; when asked about the frequency of computer usage (from
a scale of 1 indicating fAonce softhedya yfoe w trhoen tntesadn,
response was 5.$D = .71).

Four participants were excluded from further analysis because their organization or retrieval
times were two standard deviations greater than the condition means. There were no significant group
differences in working memorygrbal ability or computer experiencéHowever, there was a significant
difference inperceptuakpeed (digitsymbol substitution) between group$l,40) = 4.0p < .05.

Participants in the tagging condition had higberceptal speed than the participants in the taxonomy

condition. Thusperceptuabpeed was statistically controlled in subsequent analyses.
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Materials

PhotographsThe same set of 60 photographs used in Experiment 1 was used in this study. The
photographs werall sized to 400 pixels in height and 700 pixels in width. Throughout the study, when
thumbnail images were necessary (i.e., when listing the contents of a particular category) the images were
80 pixels in height and 140 pixels in width.

Equipment IBM-compatible computers running at 3.2. GHz with 2 GB of RAM were used for
the current study. The monitor size was 19 inchiagonallywith theresolution set at 1024 pixels in
width by 768 pixels in heighdnd a color depth of 32 bit$articipants wereeated approximately 18
inches from the monitor screen. The mouse was placed on whichever side the participants chose based on
the self report of their dominant hand.

Photograph organization and retrieval tagk web applicatiorwascreatedo allow partigpants
to organizeand retrievghotographs inthierarchicakategories (taxonomy condition) loy applying
descriptivelabels (tagging condition)sing the mouse and keyboard. The application displayed task
instructions and collected user responsese dpplication was presentadthe Firefox web browser with
all toolbars and stas bars hidden from the user.

Theweb interfaceconsisted of three mataskareas (Figure 3a). In theptoow, thumbnails of
theto-be-organizedpohotographsvere displayed d¢rizontallyin random order When the participant
selectedch thumbnail from the list, the row was replaced with the thumbnail of the selected photograph
with aninput text box {0 enter categories or labels depending on condition) and an entdrgiedrgh
in thecenter portion of the scre€Rigure 3b). On the left side of the screen, participantsisaiw
currenty usedcategories or labelsThe application recorded our performametated dependent
variables (e.g., times, number of mouse click®rganization and retrieval.

Workload, abilities, and computer experiermssessmentThe workload and ability measures
were identical to Experimert In additian, participants completed a technology and computer

experience questionnaire (Czaja, Clems) FiskRogers, & Sharit, 2001).
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Design and Procedure

The experiment was a tagroup design with organizationalystem as hetween groupsariable
(tagging or taxonomy). Unlike the first experiment (which only assessed the initial organizational time
and workloadiusing a papebased implementatidicxperiment 2 examined botiorkload and
performance at therganizationandretrieval stagesising a computerizetdsk The use of a
computerizedaskfacilitated recording of the dependent variables atetrgeval stagéwhich was
impossible with the papdrased implementation of Experiment 1)

Upon arriving at the laboratory, participafip to three at a timeead and signed an
experimental consent form. Participants then started thébasdd portio of the study. Participants
assigned to the taxonomic condition were told to organize the photographs into catelgichesuld be
arranged hierarchically such that categories could exist within other categories (e.g., main category of
6vacatimeaslcadleyory of O6summer 6) . P ghret¢levedsi pant s,
dee of categories (e.g., vacatiosummer / family).The decision to use three levels as a maximum was
informedby pilot testing which showed that most users (accosslitions) rarely used more than 3 levels
to categorize a photograph.

Participants in the tagging conditiafso organizethe photographbut weretold to assign
descriptive labels to each photograph (e.g., vacation, summer, faimilydth groups, sparticipants
assigned categories or labels, the hierarclstcatture oftategories (Figure 3b) an alphabetizelist of
labels (Figure 4b) was updated on the left side of the scigmicipants in the tagging condition saw an
alphabetically organed list of labels currently used while taxonomy participants saw hierarchically
arranged categoriedf participants made a spelling error mis-categorization, they could click on the
left-sidelabel or categoryo view the contents of that categorylabeland reassign the photographs.

Before starting the organizational task, participants in both conditions were given a guided
practice session with one photograf@oth groups of participants wegéven verbal instructionw® work
as quickly but acaately as possibleAfter answering any questions about the procedure, participants

organized th&0 experimental photographsing the mouse and keyboawfter the photograph
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organization task, participants immediately complébedNASA TLX to assesserceived workload
After completing the TLX, participastcompleted three ability tests and a technology and computer
experience questionnair@ he abilities test portion was experimergaided in grop format and took
approximately 25 to 30 minute$n addition to collecting information aboabilitiesand previous
computer experience, thimrtion of the study was used as a distiaperiodbetween the organization
and retrieval ophotograph.

Once the ability testandcomputerexperience questiorirewere completed, participants
returned to their computers andmpletedhe photograpltretrieval portion of the studyfor the retrieval
portion, 40 randonphotograph, from the 60 organized earlier, were selected for retriéva. 40
retrievalphaographs were different for each participant and were selected by the progranimerun
Participantsaw a randomly selectedutmbnailphotographn the t@ portion of the screen with the
words, Al ocate this i mage o0 tomofthessaremuntil participantss | ma g e
correctly located the image among their categories or tags. Participantsiddoesearch for the
photograptusing their previously created @amgjzational schem@igures 5a, 6aas quickly and
accurately as posgéusing the mouseSearching for thehotographnvolved clicking on the links
(which represented categories or labels}he left sidef the screen

For example, in the taxonomic conditi@m the left side of the screen, participants saw their
earlieg categories ofimagesf | par ti ci pandrmdc k at kg d rtumbndilho&lyofi s a w
thephotographb thatthey hadearlierc at e g o r i z dndhe aontenfiviewitggartion of the screen
(center arep If there were sulzategories nderfi u r b theysaw afolder icon among ththumbnails
indicatingfurther subcategories of image<Clicking on the folder icon displayed the images within that
sub-category.

In the tagging conditiorparticipants saw, on the left side of the screaralphabetized list of
labels they had used in the organizational portion of the studyen\Warticipants clickedlabelon the

left side of the screen, they saw all of pgtetograpk possessing that labgd.g., allphotographk labeled
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finat ufram 0i) mage was categorized as fAnaturptat and
image in the content viewing portion of the screen.

As patrticipants searched through their categories or labels, their time to fiplabtiographwas
recorded, as wehserrors €licking on the wrongphotographand number of total mouse clicks.
participants clicked on the wrong photograph, they saw a message indicating that they had clicked the
wrong photograph and to keep searchi@mce participants found the-be retrieved photograph the
central content areghey clickedhe imagewith the mouse endintdperetrieval trial After receiving
feedback that the correct image was located, the next photograph was prestatesliccessfully
retrieving all40 photograph, participantimmediatelycompletedhe TLX to assestheir perceivedevel
of workload for the retrieval portion of the study.

Results

Meanperformance and workloagbmponerg arepresented in Tabl2. Organizational time was
defined as théotal amount of time participants spent on organizing the 60 photogifites into
categories or by applying labelslRetrieval time was measured as the amount of time participants spent
retrieving the 40 previously viewed imad®gsnavigating their dagorical scheme or list of labedad
clicking the correct photograptor the measurement of organizational and retrieval time;tidttime
was excluded (&., time spent between trials).

Another dependent measure was the total number of clitke ofiouse involved in either phase
(organization or retrieval). A data point was recorded every time participants clicked on any active area
of the interface (e.g., a thumbnail image, a category name or talily a trial Finally, our measure of
usererror was thewumber oftimes in which participants clicked the wrong thumbnail image at retrieval.
Error rate was extremely low (less than 1 error per participaartthe 40 retrieval tridiland was not
further analyzed

Because of the significant p&ptual speed difference between our two conditions, score on the
digit-symbol substitution test was used as a covariate in these ar(@lgbks? illustrates the unadjusted

means) Task completion times and workload components were analyzed @i¢baadition: tagging,
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taxonomy)x 2 (phase: organization, retrievadpeatedneasureanalysis of variance (ANOVA) with
condition as a betweagroups variable and phase as a witbubjectsvariable. There was a significant
interaction betweenondition anl phaseneaningthat condition had different effects at the information
organization stage and the retriephbseg(p < .05) The source of this interaction was a significant
difference inorganizationaltime between conditionsut no significant differece inretrieval time (see
Figure 7). Participants in the taxonomy condition were faster at organizing the photographs (973 s)
compared to participants in the tagging condition (1132 k)s translates to a 3 second advantage for
taxonomy participants terms of oganization time per photograpfihetaxonomy advantage at
organizationis opposite of the results from Experiment 1 (which found a time advantage for tagging).

A longer organizational time for the tagging groagexperiment Zould be exjained by
arguing that the tagginggroups ed mor e | abels to describe each pho
categories. However, there were no significant differences in the number of labels or levels of categories
used to describe each picture bydition (1.8 labels used in tagging, 1.7 categories used in taxonomy).
In additionthere were no significant differences in the towanber of characters used in tags
compared to categories $05).

For the number of mouse clicks required to coneplleé task, there was no significant difference
at organization.However, aretrieval the participants in the taxonomy condition required significantly
more mouse clicks (91) to complete the task than participants in the tagging conditioft (&tjieval,
participants had to search through their organizational schefinel @ specifiegphotograph40 total)

In this task, the smallest possible number of clicks required to retrieve anwaage clicks (one click
to selectthe tag or category arahother click to identify the image). Thmall butsignificant difference
in mouse clicks at retrieval favoring the tagging system seems to indicate that searching through the

taxonomy wagpotentiallymore error prone (i.eleadto moreclicks on the wong category From the

! When the perceptual speed measure was removed as a covariate, the significanceliffetween conditions on
organizational time was not significant. All other results were unchanged.
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perspective of depth versus breadth in menu design, these results support previous research showing an
advantage of breadth over depth in terms of performance (e.g., Parkinson, Hill, Sisson, & Viera, 1988).

The only significant wddoad difference between conditions was in the temporal demand
component For temporal demand, participants rated the extent to which they felt any time pir@ssure
complete the taskParticipants in the tagging group reported significantly higher teringensand (9.0)
compared to participants in the taxonomy group (Bupbnly at the organization phase. This difference
is puzzling becausexcept for thespecifictagging/taxonomy differencéhe two conditios were nearly
identical in terms of taskrocedure(cf. Figure 3b, 4b).One explanation of the increased temporal
demand for tagging may be that participants in the tagging conditiondedtime pressure because they
were required to generagpecifictags that were descriptive of the photograplarticipants in the
taxonomy conditionnstead only had to create general categories for each photograph. This difference in
presumed processes might be expressed as increased temporal demand (as participants try to think of
specific tags)

General Discussion

The goal of Experiment 2 was to more closely examine how tagging and taxonomical systems
might differ in terms of performance and workload.eThsults oExperiment Zhowed that tagging
resulted in longer photograph organization time than taxgn Interpreted within our model of the
processes involved in tagging (Fig. 2), it could be assumed that the source of the increased tagging time
organizatiorwas due to the difficulty of creatirgpecific,descriptive labels (Fig. 1istep 2) for eals
photograph. Thether step#n the process of organizing using a tagging or taxonomic syasteishared
between the two organizational schemes (aigp, 1, andtep 3) anl can be assumed to be the same (i.e.,
require similar times).

Temporal demand flerences at organization are somewhat surprising given that both groups
were given the exact same instructions. Both groups were told to emphasize speed and accuracy. It may
have been the case that tagging participants engaged in a speed/accuratyinedeinthey sacrificed

accuracy for speed. However, the equivalence of the number of mouse clicks at retrieval between groups
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suggests that this was nbetcase (i.e., more mouse clicks could indicadeeerror). While the
frustration component aforkload was not significalyt different in Experiment 2 (like Experiment 1),
there was a nenignificant trend for higher frustration ratings in the tagging group compared to the
taxonomy group at organization and retrieval (T&le

At retrieval, parttipants in the taxonomy condition required more mouse clicks to properly locate
and identify a photographrhis effect could have two possible sources. The first is that at the
organization stage, each method resulted in a different level of memoryrenfiasl, tagging resulted in
better memory which resulted in fewer clicks required at retrieval). Another possibility is that the
differences in clicks required at retrieval were due to the differences in the retrieval interfaces. This
possibilityis not surprising given previous research that has shown performance differences in
hierarchical menu search. Recall that one major difference in tagging and taxonomic information
retrieval interfaces is that taxonomic interfaces show hierarchical struicturégve depthiyhile tagging
interfaces have no hierarchical structure (i.e., are flat). Theto@edigate the depth of the hierarchical
system may have contributed to the need to have more mouse clicks.

One limitation of the current study was ttedatively short distractor period between organization
and retrieval (280 minutes). This short interval may not have allowed enough time for the presumed
benefits of elaborative encoding engendered by tagging to manifest itself.

Another limitation ofthe current studies was the use of photographic stimuli. There has been
some research that has shown that memaory for images, particularly detailed photographic material is
much better than memory for words (e.g., Park, Puglisi, & Sovacool, 1983). Thixplain the
generally high level of performance (low errors, fast performance) in our retrieval condition of
Experiment 2. Because the current study did not manipulate the material to be organized, it is unknown
whether the observed effects were speaily due to the photographic stimuli, or whether these effects

would vary with textual material (e.g-neails, web pages).
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Taken together, the results of the studies show some performance and workload differences in
using tagging or taxonomical infortan organization.Discrepanfindings betweerExperiment 1 and 2
may be explained by methodological differencEgperiment 1 was a broad assessment of major
differences between organizational methods using a fised implementation. It was thougfmt this
type of study would be sufficient to determine time and workload differences. However, it was not
anticipated thaspecificorganizational strategies would differ from electronic methods of organization.
Paperbased organization induced sometiggpants to first create unnamed piles of photographs which
were labeled and refined later. However, electronic methods of organization were more linear, with each
photograph being organizedturn; with little reorganization afterwardsExperiment Zhowed that
tagging may lead to longer times to organize information and potgmtiate workload. The source of
the increased time to organize is presumed to come from the need to generate descriftiiveaelyte
be-organized item.

Conclusion

It is hoped that the studies just presented shed some much needed light on the usability
differences between two ways of organizing information electronically. The results suggest that if
performance at organizing information is an importaiterion taxoromical systems are preferred
because they lead to faster information organizatidowever, at retrieval, navigating taxonomical
systems requires more mouse clicks than navigating a tagging sy&hene are also workload
differences such that taggingstems impose a higher level of workload (induced by temporal demand)
from the need to generate descriptive tdgsaddition, many of the predicted trends were present but not
significant (e.g., higher frustration and total workload in the tagging conliti

It is important tonote that the current study examinedividuatlevel performance (i.e.,
organizing information for oneself). Under these conditions, our results suggest that tagging may not be
an efficient system of information organization. wéwer, when the burden of information organization
is shared (i.e., social tagging) the results may show an advantage for tagging. Again, examining our

process model, it was presumed that the most demanding stage of organizing information was the stage
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where users generate descriptive labels. In social tagging situations, this burden is distributed among
many users. Alleviating this burden would have obvious implications for perceiv&tbaad (e.g.,
workloadwould be lower).

However, the extent to whidags chosen by others would be meaningful to oneself and how it
would affect performance and workload at retrieval is unknown (however, see Pitman & Payne, 2006).
Previous research has shown in a variety of domainghiptobabilitythat two people W choose the
sameabel to describe a common objéectow (Furnas, Landauer, Gomez, & Dumais, 198¥0other
method of alleviating the burden of generating tags is to have it automated. However, automatic
generation of tags might mitigate any enhanoednory benefi{from elaborative encodingndthus
interfere with retrieval.

Currently, we are examining ability/performance relationships between tagging and taxonomies.
For example, previous research has showninidatidual and ageelated differenesin spatial abilities
are an important component in the ability to navigate a hierarchically organized menu structure (not
unlike the taxonomical condition). The relationshéetween spatial abilities and hierarchical navigation
is thought to come frorthe need to create and manipulate a mental model, or abstract representation of
the computer menu systdg., Sein & Bostrom, 1989)What would be the spatial ability/performance
relationshp in a tagging environment? Tagging may regjuireusers to reate a spatially organized
model of the gstem.

Similarly, how do individual differences in other abilities contribute to a preference or
performance difference between these two systems? For example, accordingao@when users are
presented witlthe tebe-organized information, multiple concepimy beactivated within the user
Individual differences in vocabulary may limit the quality and quantity of descriptive tags that a user is
able to produce. An inability teasilyproducedescriptivetags may result in frustration, increased
workload, and reduced retrieval performan¥erbal ability was measured in the current studies but the
use of a collegaged sample (with little variance in vocabulary test scores) precluded an analysis of the

influence of verbal ability on performance.
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Finally, we are interested in the performance differences between older and younger users when
using taxonomical or tagging systems. Specificraiggedchangesn cognitive abilities and memory
could suggest pottial hypotheses. For example, in general, it has been shown that fluid afaligies
spatial abilitiesshowsignificantagerelated declingwhile crystallizedintelligence (e.g accumulated
knowledge) desnot(e.g., Schaie, 1996)Iit may be the @ thatagging, because it presumably relies on
verbal ability(which, as a type of crystallized intelligernisaesistant to ageelated decling may show
smaller ageelated differencem performance Additionally, older adults, partly due to reducgghtial
abilities,have more difficulty recovering from navigational errors in hierarchical systems (Mead,
Batsakes, Fisk, & Mykityshyn, 1998in, 2003;Zaphiris, 200). The use of a flat tagging interface may
mitigate ageelated differences in inforrtian search performance.

Finally, the social implications of tagging and taxonomical systems, however, cannot be ignored.
Having a group of people categorize information together would dramatically reduce the initial workload
of having to organize inforation for oneself. However, there are several limitations that may mitigate
the usefulness of social tagging (or taxonomy). First, people may not share similar labels or categories
for similar objects.Conversely, different users who work in very diéfiet domains may use similar
words with very different meanings (e.g., homonyms). These issues can be somewhat controlled through
the use of constrained tagging vocabularies (limiting tags to-dgfireed set of words)Second, social
tagging is only udel if the information to be organized is not private. Users would be less inclined to
have others organize private information (e.gnal messages).

To conclude, the current research attempted to formalize the implicit theories underlying
informationorganizational systems. Why do they work? Is one better than the dthen2sults of our
initial analyses seem to indicate that there are some performance and workload differences between the

two systems of information organization and retrieval.
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Tablel.

Summary of performan@nd workload measures frofxperiment by condition (taxonomy, tagging).

Taxonomy Tagging
(N=13) (N=14)
Mean SD Mean SD F
Abilities
Perceptual speéd 71.0 91 717 126 0.0
Working memory* 105 24 94 24 1.4
Verbal ability® 30.8 3.3 30.9 4.9 0.0
Organization of Photographs
Performance
Time (s) 775.6 70.6 450.5 60.7 12.3*
Workload
Mental demand 3.9 0.6 7.5 2.0 2.7
Physical demand 0.7 0.6 0.0 0.0 1.6
Temporal demand 13.0 26 20.5 8.2 0.7
Performance 5.3 1.2 7.2 2.1 0.6
Effort 5.3 1.4 4.9 1.3 0.1
Frustration 1.6 0.5 6.1 2.1 4.2*
Total workload 299 35 366 46 1.3

Note. *indicates significant betwegmoup differencep < .05. “Digit
symbol substution (number correct; Wechsler, 199%verse digit

span (Wechsler, 19975hipley vocabulary test (Shipley, 198&jhe
total workload composite was the sum of all six workloadstdles.
The range of possible total workload was 0 to 100 withdrighlues
indicating more subjective workloadHigher is better

31



Table2.
Summary operformance anavorkload measures froExpeiment 2 bycondition (taxonomy, tagging)

and phase (organization, retrieval).

Taxonomy Tagging
(N=20) (N=21)
Mean SD Mean SD F
Abilities and Technology Experience
Perceptual speéd 63.3 125 704 105 4.0*
Working memor{* 9.1 26 92 25 0.2
Verbal ability™ 27.0 5.9 29.6 3.8 3.0
Technology experiente 59 0.9 6.1 04 0.9
Organization Phase
Performance masures
Timeto organiz€(s) 973.2 3795 1132.4 281.7 5.9*
Mouse clicks 138.7 34.2 1439 378 0.0
Number of labels or levels usec 1.8 0.9 1.7 0.6 0.5
Number of charactetyped 509.7 493.8 638.8 405.5 0.8
Workload measures
Mental demand 14.6 1.6 15.4 20 03
Physical demand 2.5 0.7 0.9 04 24
Temporal demand 5.6 1.1 9.0 14 5.3*
Performance 10.0 1.8 8.6 1.1 0.6
Effort 10.2 1.5 10.4 1.1 0.0
Frustration 2.5 1.2 6.4 1.7 1.4
Total wokload’ 45.3 35 50.6 31 1.0
Retrieval Phase
Performance measures
Timeto retrieve(s) 423.8 169.7 378.0 122.3 0.0
Mouse clicks 91.4 11.9 84.1 49 6.5*
Workload measures
Mental demand 14.1 1.8 13.4 20 01
Physial demand 3.5 1.2 2.2 07 04
Temporal demand 9.2 2.1 8.2 1.7 0.3
Performance 6.9 1.7 10.0 20 07
Effort 9.0 15 8.5 1.4 0.1
Frustration 1.5 0.8 3.4 1.2 1.0
Total workload 44.1 4.5 45.7 3.7 0.0

Note. *indicates significarbetweergroup differencep < .05. “Digit symbol
substitution (number corredtyechsler, 199y “reverse digit spanNechsler,
1997), “Shipley vocabulary tesshipley, 1985, “Technology and computer
experience, questiodi(Czaja, Charness, Fisk, Roge& Sharit, 2001 “The
total workload composite was the sum of all six workloadstdles. The range
of possible total workload was 0 to 100 with higher values indicating more
subjective workloadHigher is better




Figure Ja. Processes involved mrganizinginformation in a taxonomisystem(adapted from Sinha,

2005).
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Figure 1b. Processes involvedarganizinginformation in a tagging systefadapted from Sinha, 2005).
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Figure & Proesses involved iretrievinginformation from a taxonomic system.
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Figure 2b. Processes involvedratrievinginformation from a tagging system.
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Figure 3. Screen capture of th@xonomycordition start pag€organization phase)When the

participant clicked on a thumbnail image, they saw the categorization interface (Fig. 3b).

Figure 3b. Screen captureagplying category and subcategories to photogmrapdixonomy condition

(organizatbn phase) Participants used categories appeared on the left.
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