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Abstract In this paper, weunravel how different techniques for

We describe an experiment investigating how tagging affects producing tags to Wek.) Conteaﬁe.Ct individual memory
human memory. We compare a koast tagging by mouse We are also gendha interested in whethethe act of

clicking interface (Click2Tag)at traditional tagging by typing ~ tagging increases memory for content. In particular, we
and to a baseline, no tagging condition. Our results suggest performed an experimental contrastafower interacton

that Click2Tag is comparabke the no-tagging condition in cost technique(Click2Tag) developé for our system
terms of memory performance, and it leads to better SparTag.us, against standard (higher interaction cost)
recognition of facts from read text than tagging tiging. typeto-tag technique similar to ones used in popular

These results support the hypothesis that tagging by clicking . -
strengthens the memory traces by repeated readings Oftagglng systems such as del.icio.@oth of thesewere

relevant words in the text and, thus, improves recognition. contrasted with a bane condition of no tagging.
Click2Tag allows users to simply moussick words in a

text to have the words become tags for the content.-Tospe
tag allows users to type their owags for the content. We
. examined the effeaf these techniques on boticognition
Introd uction and recall tests for the original material. As we discuss
In recent years, there has been an explosiososfal  pelow, previous memory researcAnderson, 2000;
bookmarking systems(e.g., del.icio.us, diigo, ma.gnolia Bradshaw & Anderson1982; Pirolli & Anderson, 1985)
CiteUlike). These systems allow users to genelatels or  |eads us to hypothesize th&lick2Tag would produce better
keywords (tag9 to content encountered on the WEbr  recognitionof the oiginal material, butypeto-tag would
example a use may tag the URLhttp://wwwnytimes.com produce superior recall. These results are predicted by
with the tagsewsandnytimes). The tags and the associated differences in the way the techniques either strengtiien
URLs are then stoteby the okmarking systepthey can  elaboratethe memory traces for the original conteWe
be accessed later by thewner, but also by other uses. glso discuss the implications of this tramfe for the

Thus, the social aspects of thesgystems emery from  functionality and desigmf social tagging systems.
implicit or explicit sharing of tagsamong users As

evidence of thegrowth of socid bookmarking systemthe Tagging Costs
Pew Internet SurvefRainie, 2007Yyeports that 28% of U.S.
Ir_1ternet users have tagged or categorized content. such ?agging Cost and Participation
videos, photos, news storjesor blogs. Theoretical 2 ) ) o

explanatons (Benkler, 2002; Pirolli, 2007) discusgd Social mformatlon _foragmg_theone@wolh, 20_07) as
below, attribute the growth of participation in socially well as microeconomics theorle_s of networked information
mediaed systemspartly to theredudion in the costs of €conomies(Benkler, 2002)predict that as the costs of
producing sharable content (e.g., bookmarks and :tagsproduction of shareable knowledge (e.g., tags) are driven
tagging toolsthat have become part of ¢hweb browser ~ down, more individuals will participate and reap greatelr
allow people to easily tag content ahey read beneflts. Thus,reductions in he cost of tagging will
Consequently, in the development of our own social taggin§nProve the value of the system to the individual user. More
system SparTag.usHong, Chi, Budiu, Pirolli & Nelson, tags, and presumably more useful tags for the individual,
2007) we have been motivated to develop techniques thaill be generated as more people join a social tagging site.
lower the costs of pducing tags and otheannotations. i i .

Howeve, theories of memorye.g., Anderson, 2000iso  Click2Tag: Lowering the Cost of Tagging

suggest that changes in the kind and amount of igggi To lower the cet of tag production, SparTag.us makes
effort involved may affect how well people remember theeach content word on a Web page clickalske Figure 1)
original content or tagsWe want to avoid tagging As users click words, the words aadded to a tag lisThe
techniques that provide low interaction costs, but make iassumption is that thistechnique Ijereafter called
harder for people to remember the content that tiheye  Click2Tag) provides a lowcost method for tagging in
tagged. comparison to the more standard ttpgagtechnique.

Keywords: Tagging, memory, interaction cost, social
bookmarkirg.



mailto:raluca@alumni.cmu.edu
mailto:pirolli@parc.com
../../../../../Documents%20and%20Settings/hong/My%20Documents
http://www.nytimes.com/

- ) N ne . % QLo ogqua 00+ oo
‘When Congress passed a bill last month requiring makers of drugs and b g O o “':“" " e e
o i " > &

medical devices to disclose the results of clinical trials for all approved
products, advocates of greater study disclosure applauded the move.
raluca_budiu: bill save | casualties
San_Diego_fires Netflix Kickapps social_network paying fighting

Discipline He Punishment

Figure 1. Using Click2Tag to tag paragraph in
SparTag.us.

In typeto-tag, uses can generate any string as a tag and b) Type-to-tag
enter it into a tadjst. Thedifferenceis that this involves the : : et
additional costs omentallygenerating the tag plus the cost
of typing.

One worry about Click2Tagnight be that it trades off
costs h tagging time for cognitive costs to ubsequent
memory. Himan memoryesearctsuggestshat Click2Tag ) ) X ) )
and typeto-tag may have different effectsn subsequent Figure 2. Eye tracking ofeadingwhen using two diffenet

¢) No-tags

memory tagging techniques versus tagging. Red spots signify
The strengthof a memory traceaptureshe relationship more time spent at those loaats.

of practice to memory performandé has been shown that .

repeded practice increases strengtind strength decays as Experiment

a function of time since last practi¢see Anderso, 2000
for a review) Reaction times and accuracy on recognitionMethod

tests both improve with streng(k.g., Pirolli & Anderson, Participants. We recruited 27 participants for this study;
198). Click2Tagappears to encourage users tstgy the  hey wereeachcompensated with $20 in cash or Amazon
original contentand, thus, increase strength of memory gift certificates.

traces forthat content Indeed,as shown in Figure 2aye Materials. We selected 18 passages from news articles as
tracking da& from pilot studies in our lab suggdhst in well as from various web pagesn ahe Internet. The

the Click2Tag condition, participantsoften read a passage passages reflected a variety of topics (medicine, education,
and then rescan the passage to seek out words to clitk. general science, aviation, history, etc). On average, the
the no-tags condition (seeFigure 29, we see participants passages were 267 words long (ranging from 253 to 279).
fixating more on relevant wordsvhen theyread text Procedure. Participants went through three stuehgall
although perhaps less so than in the Click2Tag condifon 1y 50ks. A studyrecall block had two parts: in the first part,
comparison when participanthave to type in tagssee paicipants performed 6 study trials, and in the second part,

Figure ), they tend to fixate less on any specific words paricipants performed 6 memory trials. Participants were
Thus, we expct Click2Tagto produce better recognition jngirycted to perform these trials as fast and accurate as

performancehan typeto-tag possible.
Elaboraeness of encoding of material also genetsl
improves aspects of memonMemory research(e.g., Study trials. In each study trial, participants read a

Bobrow & Bower, 1969; Bradshaw& Anderson, 1982)  ,ascaqe  selected randomly from the list of 18 passages.
hasshown that, whenpeople are asked (or provigedith  participants were instructed to read at their own pdne if

additional information that _is highly _semantically relayed tothey spent more than 2 minutes on a trial, they were
the content they are studyintey typically show superior 5 ,omatically moved to the nextal. The trial could beiong
reaall to content that has been processed less elaborately e of three conditions as follows:

One explanation(Anderson & Reder, 1979%uggests that N tags: In this condition, no tagging was performed.

the memory traces that elaborate the original contengjickoTag: Participants had to tag the passage with relevant
provide additional retrieval routes to recall the content. This \,5rqs by clicking on words from the passage. The tags

is because sefjenerated elaborations haweme high \yere gisplayed i box under the passage and could not
likelihood of being regenerated at recall time as a retrieval po modified by the participants.

route to the conten Since typeto-tag requires users 10 Type to-tag: Participants had to tag the passage with any
generate tags to associate with th_e orlglnallcontent, We'relevant tags that they could generate, and type those tags
expectit to produce more elaborative encodings and 10 jn 5 hox under the passage. Subjects were not allowed to
improve rec performance. cut andpaste in this condition.



Memory trials After 6 study trials, the participants that Click2Tag was a lowecost interaction technique than
completed 6 memory trials. A memory trial had two typeto-tag.
components, presented in the following order: People tended to attach more tags0.001) in the
Recall: Participants were given two cues about one of the €lick2Tag condition (6.95 on average) than in the {ipe
passages they hggr evi ousl y st udi e thg doredition (3,98 o @uerage)ostiggestingethat they made
passages you read was about Christmas and Saniae of the ease to tag in the Click2Tagadition to attach
Clauso) . Then they had t omone tagséastdr than in the tgmetag gopditiona s many
facts from that passage as possible. There was a time limit
of 1.5 minutes per passage for this phase. Recall
Recognition Participants had to answer 6 true/false Time to recall. There was no significant correlation
sentences (3 true and 3 false) about the passage they Hedl0.03, p =0.6) between the time to recall and the study
just recalled. They had 1 minute to answer all questions. time. Our ANOVAs resulted in no significant effects or
interactiors i people took the same amount of time to recall
The order of presentation of questions was randomizedhe content of the passages in all conditions (61.60 seconds
and hte order of passages within a blockswmandomly on average).
generated for each participant, as was the assignment of aNumber of recalled facts Table 2 shows the average
passage to a particular block or condition. The passages imumber of facts recalled per condition, dfigure 3 splits
the memory trials were presented in a random ordethese data per condition and per bfockhe number of
unrelated to the order in which the passages were studiegkcalled facts was marginally correlated with the study time
The only constint was that there be 6 passages per blocky=-0.10,p<0.1), so we performed an ANCOVA with study
and within each block, there be 2 passages per condition. Tiome as a covariate. We obtained a significant effect of
keep them engaged in the experiment, at the end of eablock (F(2,29)=4.91, p=0.01), but no other effects or
block, subjects were given feedback about their overalinteractions were significant.
performance so far in the recognititests. We did not give

feedback after individual recognition trials. Number | Recall Recognition
For each trial, we measured the study time, the number of of facts| efficiency accuracy

tags, the number of facts recalled and the recall time, the recalled | (facts/sec)

recognition time per question and the recognition accuracy. No-tags 4.03 0.061 0.84
We performed ANOVAs with subjects as the random Typeto-tag 3.84 0.043 0.79

factor

using Block (0,1,2) and Condition (tegs,
Click2Tag, typeto-tag). When there was a correlation with

Table 2. Average recall and recognitioneasures for the

study time, we performed ANCOVAs with study time as a

covariate.

Encoding

Table 1 shows the arege study time per condition and

per block. There was a significant effect of block on the

study time F(2,52)=9.94, p<0.001), with participants

three conditions.

Block O | Block 1 | Block 2 Avg
No-tags 71.95 83.35| 88.82| 81.38
Click2Tag 93.78 98.10| 96.13| 96.01
Typeto-tag 96.06 103.45| 102.92| 102.92

Table 1 Study times (seconds).

taking longer to study the passages as they went through the
experiment. There was also a significant effgfctondition
(F(2,52)=52.72, p<0.001) and a significant blodky-
condition interaction K(4,104)=3.97,p<0.005). Contrasts
showed that participants spent less time in thetags
condition than in the Click2Tag conditiop<0.001) and in
the typeto-tag candition (<0.001), and also participants in
the Click2Tag condition were faster than in the tjpéag ! Due to an error in the experiment software, we did not have
condition ©=0.05). These results pointed to a time costaccess to the recalled facts for 198 trials (out of 486 trials).
associated with the tagging conditipm®d also confirmed However, the recorded trials were evenly distributed among
conditions: 96, 97, and 95 trials in the three conditions
respectively.

Figure 3. Number of recalled facts per block.

These results show that there was an overall learning
effect through the experiment, with people getting better at
recalling as the experiment went on. Contrary to our initial




