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Abstract most certainly provoke a response.
A priori, we were not certain of the most appropriate out-

Industry research advocates a 4 second rule for web pagesoime measure. We elected to measure satisfaction, prefer-
load [7]. Usability engineers note that a response time tiveence, and perception by asking questions. We also elected
second may interrupt a user’s flow of thought [6, 9]. There is@measure choice (observed preference) by allowing the par
general belief that, all other factors equal, users willratman  ticipants to choose between two search engines with differe
a slow search engine in favor of a faster alternative. Thigyst latencies after they had used both.
compares two mock search engines that differ only in brandin
(generic color scheme) and latency (fast vs. slow). The fast
latency was fixed at 250 ms, while 4 different slow latencies
were evaluated: 2s, 3s, 4s, and 5s. When the slower sedugh study, a controlled experiment conducted in Spring 2007
engine latency is 5 seconds, users state that they perbeivesbmpared two mock search engines that differed only in subtl
fast engine as faster. When the slower search engine latefi@hding (yellow vs. blue coloring) and latency (fast vewsl
is 4 or 5 seconds, users choose to use the fast engine mMeye fast latency was fixed at 250 ms, while 4 different slow
often. Based on pooling data for 2 s and 3 s, once slow lateng¢ncies were evaluated: 2s, 3s, 4s, and 5s.

exceeds 3 seconds, users are 1.5 times more likely to choos&rty adults from the San Francisco Bay Area participated

2. Study Description

the fast engine. in the study. Some effort was made to ensure diversity across
gender, age, and typical network connectivity (dial up,, T-1
KEY WORDS: web search, latency, response time cable, and DSL connections). All participants were familia

with the Google search engine and were compensated.
Each participant tested only one of the slow latencies. Six-
teen participants experienced a slow latency of 2s; 8 partic

pants were assigned to each of the other 3 slow latencies. For

Speed of service is recognized as a desirable attributenfor Aalf of participants, the blue engine was the fast enging. Fo
web application or service. However, what counts as 00,

R : i e other half, yellow was the fast engine. Participantsewer
slow varies based on the task at hand. For interactive tasks informed of the speed difference.

(e.g. panning a map), response times of 100 ms or less are

necessary [6, 9]. However, for less interactive tasks (eag-

ing email, searching the web, or downloading a documer‘?[

acceptable response times anywhere from 1-16 seconds Iush participant performed 140 searches with providedkear
been reported [5, 11, 4, 7]. There is a some evidence thatdegnarios and query keywords. With provided query key-
less interactive tasks, standards are becoming more demayistds, this is a feasible number for a one hour session. The
ing as web users become more savvy and broadband penetarches were organized into 14 blocks of 10 searches each.
tion increases [7]. In the first block, all participants saw the same scenar-
User perception of latency for the specific task of wabs/queries, and were permitted to choose between the two en
search is of particular interest to the authors. Given tsat ugines. For this block only, both search engines returnadtses
perception of latency is task dependent, there is much todiehe slow latency.
learned by narrowing focus to the web search task. In the next 12 blocks, participants did not receive a choice
Our primary research question is “how fast is fast enougbf search engine. Across all of these blocks, the designated
for the delivery of web search results pages. For this study, fast engine returned results at the fast latency of 250 mewhi
assumed that that the end-to-end speed-of-light web sé&arclthe other continued to be slow.
tency was 250 ms. This 250 ms includes server processin@he searches in these 12 blocks were drawn from a pool of
time, network transit time, and browser rendering time. [B® paired searches organized into blocks of 5 (5 pairs = 10
users find web search latency in excess 250 ms as acceptsddgeches). We designated the first search of each pair “query
as 250 ms? We selected the 2 to 5 second range of altessd-1” and the second search of each pair “query set 2”. For
tive latencies to study for two reasons. First, we assumied teach participant, the first 6 blocks (of 12) were selectedrat r
range would be practical for a controlled experiment withdom without replacement from the 6 blocks of paired searches
small number of participants, with each participating imn& o The second 6 blocks (of 12) were a second, independent, ran-
hour session. The larger the latency impact, the smaller ttean sample without replacement from the 6 blocks of paired
number of participants needed to measure the effect. Secaeadrches. In the first 6 blocks, query set 1 was assigned to one
we wanted the range to include latency we believed would af-the two engines, and query set 2 to the other engine. In

1. Introduction

)1 Procedure



in most cases participant would make a decision well within

Questions .
15 s, and therefore complete all 140 searches in about an hour
Based on the last 10 searches, did you notice any difference(s) (other than color) between these two search
engines?
o Yes 2.2 Hardwareand Software
0
if you did notice any difference(s), please describe what you naticed. A custom-designed Java servlet application served as beth t

| study software and the two mock search engines. Particpant
Based on the last 10 searches, please indicate on a scale of 0 to 100 using the slider below how satisfied used the |E6 WEb browser to interaCt Wlth thls application,

you were with your experience with the Blue Search Engine. which served the scenarios, mock home pages, results pages

Very unsatisfied § Very safisfied with injected latencies, and question screens in the approp
N ate order. In order to control latency, the application rathe

Based on the last 10 searches, please indicate on a scale of 0 to 100 using the slider below how satisfied same ComPUter as the Web brOWSGr and Served pre'generated

you were with your experience with the Yellow Search Engine. (Static HTML) reSUltS pages. A” participants Used the same

Very unsatisfied Il Very satisfied computer during the study: an IBM Thinkpad 43p with exter-
=N nal mouse, WinXP Pro SP2.

Based on the last 10 sear_ches. if you had to use one of these search engines for your own searches, which A CUStom browser plug-in Iogged page |0ad tlmlng eVentS
e Bretton atoune e conior LeavE it Sider Conored at 0 vou e o pteemee 0" to measure the actual latencies generated. The latencies we
tuned on the study laptop ahead of time. Based on this tuning,
Strongly prefer Yellow . swongypreferBlue 3 constant of 80 ms was subtracted from all injected laten-
— i cies to account for the standard delay in loading a resutis pa
without any latency injected. Tuning indicated that thensta
dard deviation of the actual latencies delivered wa20-30

ms of the target. We considered this variation acceptable.
Figure 1: Questions appearing after each block of 10 searche

2.3 Scenariosand Queries

the second 6 blocks, assignments of query set to engine wire study utilized a set of English search queries popular on
swapped. So over the course of the 12 blocks, participa@sogle in Dec 2006. The search results for each query were
executed each search on both engines. the results Google provided for the query, excluding ads. We
Within each of the 12 blocks, although the number ®Rired the queries and wrote scenarios. Using internas ool
searches on each engine was the same, the searches werd\gofnsured each query of a pair had results of similar quality
ducted in a random order, subject to the restriction thatra pdelevance). Each query of a pair also had a similar scenario
ticipant conduct no more than two consecutive searches wathdefined by number of keywords and topic. For example,
the same engine. Note that this means that while a participa@re is one query/scenario pair:

saw both searches of a pair within a block, searches of a p"'tl)i:r:lsketball You want to buv tickets to an NBA basketball
were not necessarily seen consecutively. game y

After each of the 12 blocks, participants rated satisfactio
and preference on the Questions screen illustrated in&iyur baseball You want to buy tickets to an MLB baseball game

For the last block of 10 searches, participants were again . . . .
: . . or . the 30 paired searches without a choice of engine, the
permitted to choose between the two engines. The designated . .
: . queries and scenarios were made to conform to a taxonomy
fast search engine continued to return results at the testdg f search qoals: information queries. navigation quedes
of 250 ms. At the end of the session, participants rated-safls 9 d ' g a '

faction and preference overall and finally, their percaptb resource queries [10, 2]. For information queries, the isser
b . Y percep looking for general or specific knowledge; 12 paired seache
the speed of the two search engines.

h h o ) were informational. For navigation queries, the user i&iog
For each search, participants were given a One-sentence 866, nariicular website: 6 paired searches were navigaition

nario about what they were searching for, then clicked 9houg - resource queries, the user is looking for a specific non-
to the search engine home page (chose_n or assigned) V_Vnﬁf)?mational goal, such as downloading a file or looking for
a query keyword(s) related to the scenario was already fillgttetainment: 12 paired searches used resource queries.

into the search box. Participants then p.ressed the seatrch buA" of the 20 searches for which the participant was allowed
ton and were taken to a results page with 10 results after &, jice were information queries.

appropriate latency had elapsed.

Participants had 15 seconds to select the result that bes )
swered the search scenario. This was a cover task introduced
to direct the participant’s focus to what we assume is thetm8sanding must be significant enough for participants tamist
important aspect of the search experience: result relevamish between the search engines. On the other hand, the two
The 15 s time interval was the same for all searches, regdihnds must be neutral to ensure user response is not dictate
less of latency; however, the timer did not begin until the rby branding. We selected the blue and yellow color branding
sults page was fully rendered in the browser. We anticipatbdough consultation with a user experience designer.

Branding



Blue Search Engine

|halloween |

@ 2007 Blue Search Company

Figure 2: Blue Search Engine home page

Yeliow Search Engine

Staples.com®. that was easy®.
Offers a variety of supplies, furniture and technology.
www _staples com/

Staples.co.uk Your business partner for Office Supplies, furniture ...
Fumniture Accessories. » Fumniture Collections. » Office Furnishings. » Safes and
Fire Safes. » Screens and Dividers. » Seating. » Staples Own Brand ...

www _staples.co.uk/

staples business depot
www._staples.ca/

Staples: Maps: Store Locator
Find Staples locations... Powered by MapQuest. ... Get a 12-month custom photo

calendar. Shop Now - Staples Own (TM) innovative shredders. Shop Now
stores.staples-locator.com/staples/

Browser Detection
StaplesLink.com.
www stapleslink.com/

» Staples Coupon Codes & Staples Coupons for Staples com
Qur free Staples coupons and Staples coupon codes, help you save on office
supplies, business equipment, furniture computers and ink cartridges at ...
www 4oficecoupons com/staples-coupons_html

» Office Depot Coupon Codes & Coupons for Staples, Office Max ...
Office Depot coupons and coupon codes for Office Depot. Staples, Office Max,
Vistaprint and Viking Cffice Products. Save on equipment. furniture, supplies, ...
www _4officecoupons.com/

Blue Search Engine

Halloween on the Web

Halloween fun on the internet, costumes, pumpkins, mansters, vampires, witches,
werewolves, ghosts, scary tales, humor, fag, haunted houses, links.
www.halloween.com/

Halloween (1978)
Halloween on IMDb: Mavies, TV, Celebs, and more. .
www imdb com/title/t00T7651/

Halloween — The History and Customs of Halloween
The history of Halloween and its customs starting with Celtic Ireland in 5 BC.
wilstar.com/halidays/hallown htm

Halloween - Wikipedia. the free encyclopedia

Halloween is a tradition celebrated on the night of October 31, most natably by
.. The term Halloween, and its older spelling Hallowe'sn, is shortened from ...
en.wikipedia org/wiki/Halloween

HalloweenMovies.com - The Official Website of Michael Myers
The official website for the entire series. Includes, pictures, downloads. and
interviews.

www._halloweenrmovies com/

Halloween Online - Your Guide to Halloween

Halloween information - halloween, Costumes, decorations, recipes, games pumpkin
carving and more.

www.halloween-online.com/

Figure 5: Yellow Search Engine home page

Figures 2 through 5 illustrate the mock home pages and
search results pages for each search engine. The home page
was meant to mimic the simple design of the Google home
page and give participants a realistic starting point fairth
search. The results page always contained 10 results and no
ads, and stripes of color were used to reinforce the branding

when participants scrolled the page.

3. Analysis M ethodology

3.1 Independent Variables

Figure 3: Blue Search Engine results page

Yellow Search Engine

staples

@ 2007 Yellow Search Company

Figure 4: Yellow Search Engine home page

Latency. Each participant experienced one of the slow
search engine latencies: 2, 3, 4, or 5 seconds.

Color For half of participants, blue was the fast search en-
gine, for the other half, yellow was the fast search engine.

Query Set Although all participants completed each set with
both search engines, half of the participants first com-
pleted query set 1 on the fast engine and half of the partic-
ipants first completed query set 2 on the fast engine. For
analysis of block level responses (satisfaction and pref-
erence ratings collected after each block of 10 searches)
this independent variable is the block of paired queries
(query block of the 6 such blocks).

Order Throughout the study, there were occasions when
the name of one search engine would appear "first/left”
and the other "second/right”. For example, for the 20
searches in which the participant was allowed to choose,
we alternated which button appeared on the left and
which appear on the right. But one of the two buttons
has to appear on the left for the first search. Similarly,



participants used sliders to express preference (see Fig-
ure 1). One of the labels appeared on the left and the
other appeared on the right (this ordering was maintained
every time this screen appeared for the same participant).

Blue 40, for example, means the participant perceived
the blue search engine as the faster of the pair with "how
much faster” quantified by a score of 40 out of a possi-
ble 50. This outcome was only solicited once at the end

For all of these “order” variables, half of the participants
experienced one scheme, half experienced the other.

of evaluation in order to avoid introducing bias in other
outcomes.

Like stated preference, these perception scores are con-
verted into scores measuring the perception of the fast
engine as the faster of the pair.

These design variables motivated 2 (color) x 2 (query set)
x 2 (order) = 8 participants per slow latency for a counterbal
anced design. Because latency differences are more difficul
to discern for latencies closer together, we elected to hiédve Choice We measured choice (observed preference) by the
participants for the 2 second slow latency level. frequency that a participant selected a search engine dur-
ing the choice blocks. For example, if a participant

3.2 Dependent Variables chooses blue 6 out of 10 times in a choice block, their

Stated preference We measured stated preference on a 0-

50 scale in either direction around 0, with 50 anchoring
each end of the scale and indicating strong preference for
one of the search engines. Zero indicated no preference.
Attached to each preference score is the direction of pref-
erence: blue or yellow. The experiment solicited prefer-
ence after each of the 12 no-choice blocks and again at
end of the session. The 12 no-choice block preferences
were intended to be independent, with instructions ask-
ing participants to base their score only the searches in
the immediately preceding block. The final preference
score was intended to measure preference for the entire
evaluation, with instructions worded to this effect.

Although preference was solicited on a 0-50 scale in

terms of brand, these preference scores are easily caB-
verted into a preference score on the scale 0 to 100 for
the fast engine of the pair. For example, if a participaﬁ@
score is Blue 40, and blue is the slow engine of the pal

this score translates into a preference of 10 for the fast
gine (in this case yellow). Analysis focuses on preferen
for the fast engine rather than brand (color) preference.

observed preference for blue is 6 out of 10. Equivalently,
their observed preference for yellow is 4 out of 10. The
choice outcome is observed twice, once for the initial
choice block, in which both engines have the slower la-
tency, and once for the second choice block at the end of
the session, in which the two engines have different la-
tencies. Although there were no explicit instructions, it
was intended that participants choices in the final choice
block reflect any preference acquired during the course
of the evaluation.

Like stated preference and perception, choice frequen-
cies are converted into the frequency of selecting the fast
engine, rather than the frequency of selecting blue or yel-
low.

Statistical M ethodology

gression is the statistical method utilized in this asialy
Regression models an dependent (outcome) variable as-a func
Qﬂ_” of one or more independent (predictor variables) plus a
random errore [12]. For example, we can model preference
or the fast enginey, as a function of the latency of the slow
search engines;:

Satisfaction We measured satisfaction with each search en-

y=50+px+e Q)

gine on a 0-100 scale, with 100 indicating very satisfied The coefficient ofz, 3, describes the association between
and 0 indicating very unsatisfied. The experiment sgve slow search engine latency and the outcome, preference
licited satisfaction after each of the 12 no-choice blocksr the fast engine. Specifically is the expected change in
and again at the end of the session. The 12 no-choike preference score associated with a 1 second incredse in t
block satisfaction scores were intended to be indepésrency of the slow engine. Note the coefficient is a statemen
dent, with instructions asking participants to base theibout the expected value of preference score, or equilalent
score only the 10 searches in the immediately precedifig average of a sample of preference scores. Individusdsco
block. The final satisfaction score was intended to megil vary, and this is modeled via the random errar,

sure satisfaction for each engine over the entire evaluag
tion, with instructions worded to this effect.

is estimated from the data, the valuesondy. Each

value ofy is an outcome measured and the corresponding

Satisfaction is arguably the most subjective outcorifePased on the study design. If the estimates too close
measured in this study. For analysis, we consider the dff-0, then we conclude than there is not enough evidence for
ference between the satisfaction score for the fast engifie@ssociation between the latency of the slow engine atenc

and the satisfaction score for the slow engine.

and the preference score. This assessment of whétiseno

close to 0 is a hypothesis test. In the process of estimaitimg t

Per ception We measured perception on a 0-50 scale in eitharefficients from data, we also estimate a standard error for

direction around 0, with 50 anchoring each end of th# The standard error is a statistical yardstick for meagurin

scale and indicating one search engine was much fadfefi

is too close to 0. If3 is outside of 2 standard errors of

Zero indicated no difference. Attached to each scoreQgroughly), we say the association between slower search en
the direction of difference: blue or yellow. A score ofjine latency and preference score is “statistically sigaift”.



In general, a statistically significant association dogsme

ply causation. But in the context of a controlled experime 'II,;abIe 1: Block Preference and Satisfaction by Slow Latency

. - . . Pref for Faster Sat Faster - Slower
such as this study, we can make causal conclusions; thagis|, w [049] 50 [51,100]| [-100.-1] 0 [1,100]
can conclude that increasing the latency of the slower ke S éz 117 A3 32’ 104 ’56
engine causes a change in preference score. 3s 37 47 12 35 45 16
In this study, we chose slow latencies of 2 s, 3 s, 4 s, and|54%s 19 47 30 21 47 28
to be compared to a fast latency of 250 ms. Rather than madep 10 69 17 10 64 22

preference score as linear function of latency, we modei eac

of the levels separately. This approach had two advantages: ) )
Table 2: Block Preference and Satisfaction by Query Block

Pref for Query Set 1 SatSet1- Set2

o |t allows for a non-linear association between the slgw [0,49] 50 [51,100]| [-100,-1] 0 [1,100]
engine latency and preference score. 1 18 41 21 21 37 22
2 10 50 20 10 51 19
3 9 51 20 12 49 19
o It allows for separate hypothesis tests for each latency 14 45 21 16 39 25
level. This gives us the ability to pinpoint the interval 5 17 48 15 20 44 16
during which the latency of the slow engine starts to im-6 17 45 18 21 40 19

pact preference score (or other outcome variable).

- . 4, Data Overview
Letxq,...z4 be indicators of whether the slower search engine

latencyis 2s, 3 s, 4 s, or 5s. One of these predictor variab
will beyl and other three 0 for each outcom:. Then the moézr Block Outcomes
equation is: Block outcomes refer to the satisfaction and preference rat
ings collected after each block of 10 searches. Table 1 gives
y = 50+ G121 + Bowa + Bz + Pazs + € (2) response frequencies by latency of the slow quine. Table 1
suggests no clear pattern as the slow latency increases. For

. example, there appears to be slight preference for theffast e
The fact that we can conduct a separate hypothesis testipl and higher satisfaction with the fast engine when the sl

each latency coefficient does not preclude a joint hypogngskency is 2 s: however, Table 1 also suggests a slight pref-
test of all latency coefficients. For the joint hypothes&t1e g ance for the slow engine and higher satisfaction with the

null hypot.hesis is “all coefficients are 0”. If we rejept th@lln slow engine when the slow latency is 3 s. Most responses
hypothesis, then we conclude “at least 1 coefficient is NqRiect no difference in preference or satisfaction betwtaen
zero”. Refer to [12] for how to conduct a hypothesis test @f, engines. Each participant contributes 12 responséeeto t
multiple coefficients. frequencies in table 1, and it is possible that 1 or 2 partici-

Equation 2 has a fixed intercept of 50. Usually, a regressigants are driving an apparent pattern. Table 1 also ignores
model has a coefficient for the intercept which, like the othghe magnitude of preference and satisfaction scores,wjtho
coefficients, is estimated from the data. However, in thicauch scores are not calibrated across participants.
itis not possible to estimate an intercept coefficient. beoto Table 2 gives response frequencies by the block of paired
estimate an intercept coefficient, there would have to ba dgtieries (query block). In table Pref for Query Set 1 refers
outcomes for whichry, ...z, are all 0. Then, the interceptio the preference score for whichever engine the partitipan
coefficient would estimate the expected preference scorevi@s forced to use for the first query of each paat Set 1
the fast search engine, given two search engines with nti Set 2 refers to difference between the satisfaction score for
latency. But if the study design is valid, this should be 50whichever engine the participant was forced to use for tise fir
no preference. Hence, rather than include a latency pdiein §uery of each pair and the satisfaction score for the other en
study with identical “fast” and “slow” search engine lat&@s; gine (used for the second query of each pair). The first column
we simply assume that the intercept is 50. of table 2 refers to the block of paired queries.

The outcome variables, with the exception of the choiceThe frequencies of Table 2 put the frequencies of Table 1
outcome, are subjective and not calibrated across paatitsp in perspective. Comparing the two tables suggest the specifi
The regression models do not account for this, so we mgggeries a participant sees on give search engine are at least
scrutinize any statistically significant result. If a rasaldue as important in determining block preference and satisfact
to unusually high ratings from 1 or 2 participants, we err dating as latency.
the side of caution and identify the result as inconclusires
analysis of block ratings is more sensitive to the influerfce 5 Ein4 Outcomes
individual participants than the analysis of ratings actiel at
the end of the study session. In the former, each particip&iial outcomes refer to the satisfaction, preference, amd p
contributes 12 scores, while in the latter, each partidipalty ception ratings collected at the end of each participasices
contributes one score. as well as selection frequency for the final choice block. The
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Table 3: Correlations between Final Outcomes

Preference for Faster

Satisfaction Fast — Slow

Perception of Faster Selection Freq of Faster

(Choice)

Figure 6: Final Outcomes by Slow Latency and Participant

5. Association between Stated Preferenceand Latency

Sat. Diff. Perception Choice
Preference 0.83 0.70 0.59 5.1 Block Preference
Sat. D'ﬁ.' i 0.76 0.58 There is no detectable association between block preferenc
Perception - - 0.55

scores and latency. We applied the following regression
model:

dot charts in Figure 6 display these outcomes by participant ,, — 50 + 8;;21; + Bojo; + a3+ faza+ e (3)
categorized by the latency of the slower search engine (in mi

liseconds). where

In Figure 6, it is clear that the most common stated prefer-
ence and perception response is 50, indicating no prefereri¢:: Stated preference for the fast engine after black =
and no perception of one engine as faster than the other. Sim- 1, .--12 for participantk, k£ = 1, ...8
ilarly, the most common satisfaction difference is 0. Far pe o _ _
ception and choice, there are 2 participants with slow aten #1i indicator of latency of the slow search engine, with
of 4 s (1,6) and 3 participants (1,2,4) with slow latency of 5 i =1, ...4_ correqundmg to Igtency levels 2s,...5s. For
s that both perceive the fast engine as faster and who salecte €Xample, if a participaritis assigned to 2 s latency level,
the fast engine at least 8 times during the final choice block.  thénzii = 1 andaiy = x13 = x14 = 0 for that partici-

- pant
Participant responses across the four outcomes are corre-
lated. Table 3 lists the pairwise correlatiérier these out-

cOmesS. x2; indicator of query blockj corresponding to block If

block! is not assigned query blogk zo; = 0. If block !
is assigned query block thenzs; = 1 if query set 1 is
assigned to the fast search engine (hence set 2 is assigned

1pearson correlation coefficients.



Table 4: Coefficients for Block Preference Table 5: Coefficients for Final Preference

Coefficient Value Std. Error Coefficient Value Std. Error

Slow 2 sf311 1.12 2.36 Slow 2 sf11 8.75 5.25

Slow 3 5312 -8.83 3.33 Slow 3 312 -6.87 7.43

Slow 4 s(13 3.78 3.33 Slow 4 sf13 7.87 7.43

Slow 5 5514 1.76 3.33 Slow 5 8514 15.5 7.43

Query Block 1351 4.44 1.54 Query Sef3, -1.1 3.32

Query Block 232 2.3 1.54 Color 33 -2.05 3.32

Query Block 30823 2.88 1.54 Orderf, -0.2 3.32

Query Block 4824 0.57 1.54

Query Block 5325 0.13 1.54

Query Block 6326 4.13 1.54 As a group, the latency coefficients are not statistically si
Color 33 0.35 1.49 nifican€. As a group, the query block coefficients are statisti-
Order/s 0.89 1.49 cally significant, confirming that the queries and/or the search

results presented for those queries do influence block prefe
ence ratings.

to the slow engine) and,; = —1 if query set 2 is as-
signed to the fast search engine (hence set 1 is assigned
to the slow search engine). 5.2 Final Preference

25 indicator of colorzs = 1 if blue is the fast search engineThere is no detectable association between final preference

for this participantys — —1 if yellow is the fast search scores and latency. We applied the following regression

engine for this participant. model:

x4 indicator of orderyz, = 1 if fast search engine has order y =50+ fBriwy; + fox2 + B3w3 + Paza +e (4)

1,24 = —1if slow search engine has order 1.
where

er; random correlated error; fdr # k' (different partici-
pants),Cor(eg, ex;) = 0. Forl # U (different blocks

for the same participaif), Cor(ex, exrr) = p > 0. z1; indicator of latency of the slow search engine, with
i = 1,...4 corresponding to latency levels 2s,...5s. For
example, if a participant is assigned to 2 s latency level,

y stated preference for the fast engine

The estimatesof the model coefficients are in Table 4.
Eachp,; coefficient is the deviation in average block pref- thenzy; = 1 anda1s = 213 = 214 = 0 for that partici-
erence above or below 50 (=no preference) for the fast engine pant
with 250 ms latency when the slow engine has latency level
i. The model assumes the average preference score for theindicator of query sety, = 1 if a participant sees query

“faster” of two search engines with identical latency is &0 ( set 1 first on the fast engine (in the the second 6 blocks
preference). For example, the estimatedef is 1.12. This of the 12 no-choice blocks, this participant sees query set
means on average the block preference score is 51.12 for the 1 on the slow engine) ant, = —1 if a participant sees
fast engine when the slow engine had a latency of 2 s. query set 1 first on the slow engine.

Eachpg,; coefficient is the deviation in average block prefer-
ence above or below 50 for the fast engine for a block assigned indicator of color,z; = 1 if blue is the fast search engine,
query blockj and query set 1 assigned to the fast engine. Fora z3 = —1 if yellow is the fast search engine.
block assigned to query bloglkand query set 2 assigned to the
fast engine, the deviation is3,;. For example, the estimate
of 821 is 4.44. This means on average the block preference
score is 54.44 for the fast se_arch enging for a block aSSign%(Iiandom uncorrelated error.
the block 1 set of paired queries and the first query of each pali
assigned to the fast engine. In contrast, if the second qifery The estimates of the model coefficients are in Table 5.
each pair is assigned to the fast engine, then on average theachg, ; coefficient is the deviation in average final prefer-
preference score is 45.56 for the fast engine. ence above or below 50 (=no preference) for the fast engine
The (35 coefficient is the deviation in average block prefewith 250 ms latency when the slow engine has latency level
ence above or below 50 for the fast engine if the fast engineThe model assumes the average preference score for the
brand is blue— s is the deviation if fast engine is yellow.  “faster” of two search engines with identical latency is 66 (
The 3, coefficient is the deviation in average block prefepreference). For example, the estimatesef is 8.75. This
ence above or below 50 for the fast engine if the fast engim@ans on average the final preference score is 58.75 for the
brand has order 1=, is the deviation if fast engine has ordefast engine when the slow engine had a latency of 2 s.
2.

x4 indicator of orderg, = 1 if fast engine has order , =
—1 if slow engine has order 1.

3Likelihood ratio test statistic 8.2 on 4 df.
2Maximum likelihood (as opposed to REML) estimatgs= 0.28. 4Likelihood ratio test statistic 21.3 on 6 df.




Table 6: Coefficients for Block Satisfaction Table 7: Coefficients for Final Satisfaction

Coefficient Value Std. Error Coefficient Value Std. Error

Slow 2 sf311 2.45 1.93 Slow 2 sf11 5.25 4.48

Slow 3 5312 -7.12 2.74 Slow 3 312 -8.87 6.33

Slow 4 s(13 4.31 2.74 Slow 4 sf13 14.37 6.33

Slow 5 s314 1.98 2.74 Slow 5 sB14 10.12 6.33

Query Block 1351 4.8 1.47 Query Sef3, 0.42 2.83

Query Block 232 1.92 1.47 Color 33 -2.07 2.83

Query Block 30823 1.59 1.47 Orderf, 0.22 2.83

Query Block 4824 1 1.47

Query Block 5325 2.5 1.47

Query Block 6326 4.56 1.47 participants gave a higher satisfaction score to the slancke
Color 33 -1.04 1.22 engine for 9 out of 12 blocks. Rather than reach a conclusion
Order/3, 0.78 1.22 based on these two participants alone, we ignore this result

As a group, the query coefficients are statistically signifi-

L o . can. Queries and/or the search results presented for those
The 3, coefficient is the deviation in average final prefer-" . . ; . . .
eries do influence the difference in satisfaction scores.

ence above or below 50 for the fast engine if a participarg sgg
query set 1 first on the fast engine.3s is the deviation if a . . .
participant sees query set 1 first on the slow engine. 6.2 Final Satisfaction

The 35 coefficient is the deviation in average final F)re}cefcfhere is no detectable association between differences in fi
ence above or below 50 for the fast engine if the fast engin

brand is blue—gj3 is the deviation if fast engine is yellow. & satisfaction scores and latency. We applied the fofigwi

T o " regression model:
The 3, coefficient is the deviation in average final prefer- 9

ence above or below 50 for the fast engine if the fast engine

brand has order 13, is the deviation iffgst engine has ordger y = brizri + Oovz + Pozs + faza + e ©

2. All terms are defined as in equation 4, excegpin equation 6,

_As a group, the latency coefficients are not statistically si, s (satisfaction score for the fast engine - satisfactiaresc

nifican®. for the slow engine), for scores collected at the end of tindyst

session. Note that the intercept of equation 6 is O.
6. Association between Satisfaction and Latency The estimates of the model coefficients are in Table 7. The

interpretations of coefficients are similar to those forattn

6.1 Block Satisfaction 4.

) . . As a group, the latency coefficients are statistically signi
There is no detectable association between block diff@®ngcynp The coefficient for slow latency of 4 s indicates greater

in satisfaction scores and latency. The regression modeldQyista ction with the fast engine when the latency is 4 s. How
detecting an assoc!at_lon petween a dlfferenc_e n Sat'efacrever, the magnitude of this coefficient is due solely to parti
scores and latency is identical to model equation 3: pant 6. Omitting this participant shrinks ; to 5.82. As sug-
gested by Figure 6, the difference in satisfaction scoresge

for this participant not just among participants experiegc

All terms are defined as in equation 3, except In equa- 4s s_low Igtgncy, _but among all participants. The influence
tion 5, y; is the (satisfaction for the fast engine - satisfa@f th|sdp]:af1rt|0|pant IS fulrther ex.a%?erﬁted be(];;ause satisfa
tion for the slow engine) for satisfaction ratings from oc>cOre difierences are less variable than preference oeperc
I, = 1,..12 and participant;, k = 1,...8. Note that the 110N Scores. Therefore, we ignore this result.

intercept of equation 5 is 0.
The estimatésof the model coefficients are in Table 6. The 7. Association between Per ception and Latency
interpretations of coefficients are similar to those foragpn
3. When the slow search engine latency is 5 s, some patrticipants
As a group, the latency coefficients are statistically ignperceive the fast search engine as the faster of the pair. We
icanf. The large negative coefficient for a slow latency of 8pplied the following regression model:
s indicates the slow engine receives higher satisfactioresc
than the fast engine (on average) when the latency is 3s. The ¥y =50+ B1;x1; + Bax2 + G323 + Saza + € (7
statistical significance of this coefficient is due the datis
tion scores of participants 3 and 4. Omitting either papticit All terms are defined as in equation 4, excgptn equation

from the analysis shrinks the coefficient to -5.5. Both okthe’: ¥ iS perception score that the participant perceives the fast
engine as the faster of the pair at the end of the study session

Yt = Pritii + PBojta; + Psxs + Baxa + e (5)

SF-test statistic is 2.28 on 4 and 33 df.
6Again, these are ML estimates,= 0.21. 8| ikelihood ratio test statistic 26.4 on 6 df.
7Likelihood ratio test statistic is 10.2 on 4 df. 9F-test statistic is 2.76 on 4 and 33 df.




¢ In the initial choice block, there is no latency difference

Table 8: Coefficients for Perception between the search engines. Participant choices in this

Coefficient Value Std. Error . .
choice block serve a baseline.

Slow 2 sf11 6.5 5.02
Slow 3 5312 -3.62 7.1 e The initial choice block presumably captures a partici-
S:°W4 Sbi3 13.37 71 pant’s color preference. A participant’s specific prefer-
Slow 5 $f14 20.87 71 ence is more accurate than a population preference for
Query Sefs, 0.07 3.17 L .

Color 35 0.08 317 blue or.yellow, WhICh is what the color variable repre-
Orderg, 208 317 ;ente_d inthe regression models for stated preference, sat-

isfaction, and perception.

Figure 7 is a scatterplot of the number of times each partici-
pant selected the fast engine in the initial choice blockqize
it was fast) and the final choice block. The data points are
jittered so that overlapping points can be distinguishekde T
horizontal spread of the data (choice before) is less than th
—l. '—: vertical spread of the data (choice after), suggestingl#at
(]

tency changes do impact observed preference. Points above
————————————————————— the dashed horizontal line are participants choosing the fa
engine 8 or more times after the latency change. For 4 s and
5 s, there are 3 and 4 participants respectively. While there
are also 2 participants for the 2 s slow latency, there are 16
participants for 2 s latency, arxf 16 is less than half 03/8.

As suggested by Figure 7, when the slow search engine la-
® tency is 4 s or 5 s, participants are more likely to choose the
— ° fast search engine than the slow search engine. We appéied th

! ! ! ! ! ! following logistic regression model:

0 2 4 6 8 10

GRWN
nnnn

# Selected Faster After
0 2 4 6 8 10
|
Qe
o9 ®

log(p/(1 = p)) = Priz1s + P2jxa; + e (8)

# Selected Faster Before where:

p proportion of choices for the fast engine (probability of
choosing the fast engine)

Figure 7: Choice Outcome by Slow Latency x1; indicator of participant; = 1,....40 For participant,

x1; = 1 for both of the choice outcomes (initial block

The estimates of the model coefficients are in Table 8. The and final block) observed for that participant. For another
interpretations of coefficients are similar to those foraton participanty’, i’ # i, 1, = 0.

4.

As a group, the latency coefficients are statistically gigni
icant®. The coefficient for slow latency of 5 s indicates a
perception of the fast engine as faster when the slow engine
latency is 5 s. This coefficient is statistically significdrand
supported by participants 1,2, and 4. These are same three
participants who expressed a preference for fast engire (se
Figure 6), but they are more certain in their perception thaa= random uncorrelated error
their preference. Even if one of the three is omitted from t
analysis, the coefficient remains statistically significan

x2; indicator of latency of the slow search engine assigned
to this participant for the second choice outcome, with
i = 1,...4 corresponding to latency levels 2s,...5s. If
participant; is assigned to slow latengy then only for
the final choice block ig2; = 1. For the initial choice
blOCk,SCQj =0.

t]’%e participant coefficients,; obviate the need for a color
variable. Based on the fact that query set and order were not
statistically significantin final preference, final satitfan, or
8. Association between Choice and L atency perception models, we omit these variables from this model.
_ Table 9 lists the estimates of the coefficients of equation 8.
The choice outcome has several advantages compared to thee participant coefficients;;, can be interpreted as base-
other outcome measures: line odds or baseline probability for each participant tese

o Itis based on observing participants rather than SO@:itilt]he fastengine via the transformations:

their opinion. This eliminates the concern about a lack of odds = exp(Bui)

calibration across users.
. 6117p(51z‘)
probability —_—
1 + exp(ﬁli)

10F.test statistic is 3.53 on 4 and 33 df.
11The t-statistic is 2.94, and the p-value is 0.006.



Table 9: Coefficients for Choice

Coefficient | Value | Std. Error| Odds Ratio/Mult.| Prob.
Participant Coefficientg$;

1,2s -0.42 | 0.47 0.66 0.4

1,3s -0.34 | 0.48 0.71 0.42
1,4s 0.08 0.49 1.09 0.52
1, 5s 0.52 0.55 1.67 0.63
2,2s -0.01 | 0.47 0.99 0.5

2,3s -0.99 | 0.52 0.37 0.27
2,4s 0.54 0.51 1.71 0.63
2,5s 0.24 0.53 1.27 0.56
3,2s -0.21 | 0.46 0.81 0.45
3,3s 0.07 0.48 1.07 0.52
3,4s -0.33 | 0.48 0.72 0.42
3,5s 0.24 0.53 1.27 0.56
4,2s -0.62 | 0.47 0.54 0.35
4, 3s -0.99 | 0.52 0.37 0.27
4,4s 0.54 0.51 1.71 0.63
4,5s -0.25 | 0.51 0.78 0.44
5,2s -0.62 | 0.47 0.54 0.35
5, 3s 0.07 0.48 1.07 0.52
5,4s -0.97 | 0.51 0.38 0.28
5, 5s 0.24 0.53 1.27 0.56
6, 2s -0.84 | 0.49 0.43 0.3

6, 3s 0.27 0.48 1.31 0.57
6, 4s 0.79 0.54 2.21 0.69
6, 5s -0.48 | 0.51 0.62 0.38
7,2s -0.01 | 0.47 0.99 0.5

7,3s -0.76 | 0.5 0.47 0.32
7,4s -0.54 | 0.49 0.58 0.37
7,5s -2.25 | 0.64 0.11 0.1

8, 2s -0.42 | 0.47 0.66 0.4

8, 3s -0.76 | 0.5 0.47 0.32
8, 4s -0.13 | 0.48 0.88 0.47
8, 5s -0.94 | 0.52 0.39 0.28
9,2s -1.07 | 0.51 0.34 0.26
10, 2s -1.07 | 0.51 0.34 0.26
11, 2s -0.01 | 0.47 0.99 0.5

12, 2s -0.84 | 0.49 0.43 0.3

13, 2s -0.84 | 0.49 0.43 0.3

14, 2s 0.64 0.5 1.9 0.66
15, 2s -0.21 | 0.46 0.81 0.45
16, 2s -0.21 | 0.46 0.81 0.45

Latency Coefficients

Slow 2's@1; | 0.43 0.23 1.53 0.6

Slow 3s@12 | 0.27 0.33 1.31 0.57
Slow 4 sp13 | 0.67 0.34 1.95 0.66
Slow 55614 | 1.42 0.37 4.14 0.81

The transformed coefficients are listed in columns 4 and 5
of Table 9. Participant coefficients are labeled by parsinip
number and the slow latency. For example, the coefficient for
participant 1 for 2 sis -0.42. This participant’s estimatede-
line odds for preferring the fast engine are 0.66 or aboud.7:1
Expressed as a probability, the estimated probability lecse

ing the fast engine for this participant is 0.4. Of course, we
assume a priori preference for the fast engine is actuadly th
branding preference. For participant numbers 1-4, blukéds t
fast engine, so the coefficient suggests this participahi-is
ased towards yellow, although the coefficient is not statist
cally significant.

The latency coefficients,;, can be interpreted as odds
multiplier via the transformation odds multiplierezp(3s;).
To understand an odds multiplier, consider a participatt wi
baseline odds of choosing search engine A to B of 2:3, given
search engine A and B have the same latency of 4s. This pref-
erence for B is presumably based on the branding. Now sup-
pose the latency for A improves to 250 ms. From Table 9,
(13=1.95 or approximately 2. The baseline odds are multi-
plied by the odds multiplier, so the odds become 4:3. With the
latency change, the participant now prefers A.e$p(52;) is
the expected change in the odds ratio when the latency of one
of two search engines is improved to 250 ms from a previous
shared latency of.

The latency coefficients,;, can also be interpreted as
probabilities under the assumption that there is no prief-pr
erence for either search engine (that is, the baseline ddils=
via the transformation probabilityexp(62;) /(1 +exp(B2;)).

That is, assuming a participant has no preference between
two search engineszp(52;)/(1 + exp(B2;)) is the estimated
probability the participant will choose the fast enginéig {a-
tency of the fast engine is 250 ms and the latency of the slow
engine isj.

As a group, the participant coefficients are not statidtical
significant?, suggesting most participants aren’t predisposed
to choose blue or yellow. Only three individual participant
coefficients, participant 7 for 5 s and participants 9 andatO f
2 s, are statistically significant. The first is biased towgdridie
and the second two are biased towards yellow.

As a group, the latency coefficients are statistically $igni
icant® The coefficients for 4 s and 5 s are both statistically
significant. For 4 s, the conclusion rests on the three partic
pants above the dashed line in Figure 7. These are partisipan
1, 4, and 6. If any of these three are omitted from the analysis
the coefficient is no longer significant. The conclusion fer 5
is stronger. If any of the participants above the dasheditine
Figure 7 (participants 1,2,4 and 5) are omitted, the coeffici
remains significant.

Some patrticipants do choose a search engine with 250 ms
latency over a search engine with 4s or 5s latency.

12Deviance 67.85 on 40 df.
13Deviance 23.93 on 4 df.



9. Choice as Function of Latency latency difference and act on that perception, or they do not
The lower confidence bound flat-lines between 2.5 and 4
The primary research question of this study is “how fast ¢s The fact that the lower confidence bound is greater than or
fast enough”: how large must the latency gap be betweegdual to the “no change in preference” line (odds multipl&)of
speed-of-light search engine (latency 250 ms) and a slowerno preference” line (probability of 0.5) reflects thetféue
search engine before there is a noticeable impact on uger pseoled coefficient is statistically significant. Our confide
erence/choice? Based on the results of the previous sectigfran odds multiplier of 1.45 at “2 or 3 s” now matches our
the answer provided is “less than 4 seconds”. confidence in the odds multiplier of 1.95 at 4 s, although the
We now refine this answer, by assuming choice is a mom@nfidence at an odds multiplier of 1.45 required 3 times the
tonic increasing function of the slow search engine lateneyimber of participants (24 vs. 8).
The data from this study is insufficient to validate this aspu ~ One may pose the question: would more participants allow
tion. Nevertheless, we adopt it as a reasonable assumptiorus to estimate the choice function with confidence at 2 s or
The coefficients in Table 9 suggest a monotonic increasipgrhaps an even slower search engine latency? While the the-
function, except that the coefficients for 2 s and 3 s are bretical answer is yes, in practice the number of partidipan
verted. That is, the odds multiplier for 3 s, 1.31, is lessithBecomes cost prohibitive. Doubling the number of partictpa
the odds multiplier for 2 s, 1.53 eventhough2 8 s. In order reduces the standard error by the fadtoy/2. To detect odds
to address this, we fit a logistic regression model that pibels of preference for the faster engine of 5:4 (odds multipli@6).
data for 2 s and 3 s - that is, we assume all the participantsesjuires between 32 and 64 participants. Smaller diffagnc
2 s and 3 s experienced the same latency for the slow sednclatency may indeed have some impact on user choice, but
engine. This does not change any of the coefficient estimadesecting such an impact is not feasible given this study de-
presented previously, except that there are no longer eoedign.
cients for Slow 2 s and Slow 3 s but rather a single coefficient

for “Slow 2 or 3 s”. Table 10 gives the coefficient estimate. 10. Conclusions

Table 10: Coefficient for Slow Latency 2 or 3 s This study compared two mock search engines, one delivering
Coef Value Std. Ertor Odds Multiplier Prob. | Search results in 250 ms and a slower search engine degverin
037 0.19 1.45 0.59 | search results in either 2, 3, 4, or 5 seconds. The key findings

are:

The coefficient for “Slow 2 or 3 s” is statistically significan e User perception, satisfaction, stated preference, and

We associate this coefficient with a slow search enginedgten  choice (observed preference) are moderately correlated.
of 2.5s.

A monotonic increasing function of choice is obtained from ® Regardless of slow search engine latency, user stated
the logistic regression model via linear interpolationesn preference is inconclusive.
the 3 coefficients for 2.5 s, 4 s, and 5 s. If we a2l stan-
dard errors to each coefficient prior to the applying the odds’
multiplier or probability transformation, we obtain corditte
intervals at latency 2.5 s, 4 s, and 5 s. Applying linear jpder
lation to these confidence intervals generates confidenmsba
for the function. Figure 8 graphs the interpolated funcfimn
the odds multiplier and probability of selecting the fasjiee
given no prior preference. e When the slower search engine latency is 4 or 5 seconds,

Superimposed on the interpolated choice functions (solid some users choose to use the faster engine more often.
line) and confidence bands (dashed lines) are points corre- )
sponding to the coefficients of the logistic regression nhode ® Based on pooling data for 2 s and 3 s, once latency ex-
in Table 9. ceeds 3 seconds for the slower engine, users are 1.5 times

The question “how fast is fast enough” can now be an- @as likely to choose the faster engine.
swered by inverting the choice function. First, decide what
constitutes a “noticeable impact” on observed user pratere 11. Future Work
Second, express this as probability of selecting the fasthe
engine. Third, invert the choice function and read the legenGiven users can perceive latency differences on the order of
target off of the x-axis. For example, if noticeable impaet few hundred milliseconds [6, 9], users in this study seem
means the odds of choosing the faster engine are 1.5 tmather insensitive to latency differences an order of maglei
(60%), then the corresponding latency target is 3 seconds. larger (seconds). In part this is a limitation of the studgide.

The choice function does not really distinguish between “The small sample and one hour exposure period are practical
of users” and “% of user searches”; in theory we can intemenstraints. Similar constraints may have in part motiyate
pret the probability either way. However, figure 6 suggegisevious studies of web page performance to use latencies on
that users either perceive (consciously or unconsciotisly) the order of seconds [5, 4].

Regardless of slow search engine latency, the difference
in user satisfaction scores between the search engines is
inconclusive.

e When the slower search engine latency is 5 seconds,
some users state they perceive the faster engine as faster.
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Figure 8: Choice as an Increasing Function of Slow Latency

However, within these constraints, there are potential dgudied [8, 3, 1] in a more general context, and a future study

sign improvements. In a controlled experiment, it is diffitcol  could investigate them in the web search context.
replicate the time pressure a user might experience in tle re

world. The current design emulated time pressure by inform-
ing participant of the number of remaining searches as they

progressed a_nd inClUdi!"g explicit inSFrUCtionS to Comt_be [1] Bhatti, N., Bouch, A., Kuchinsky, A. (2000). “Integratj user-perceived
searches “quickly”. An improved design could offer an incen  quality into web server designComputer Networks, 33, 1-16.

tive to TInISh qwckly. ] ) [2] Broder, A. (2002). “A taxonomy of web searchiRCM S GIR Forum, 36,
In this study, the choice outcome proved more effective than 3-10.

the other OUtCF’me mea}surs, Il’.l part due to the. deglgn decsﬂﬂnFischer, A., Blommaert, F. (2001). “Effects of time dglan user satis-

to collect choice data in the first block. In hindsight, a be-" faction,” Proceedings of the International Conference on Affective Hu-

fore and after comparison of stated preference and sditmfiac ~ man Factors Design, 407-414.

difference could be almost as valuable and is advisable fof,@ gajietta, D., Henry, R., McCoy, S., Polak, P. (2004). ‘Wit delays:

future Study. How tolerant are users?'Journal of the Association for Information

There are directions of future work for small sample con- Systems, 5, 1-28.
trolled experiments. In the real word, latency is not fixed fgs] Nah, F. (2004). “A study on tolerable waiting time: howntp are web
every V|S|t to a Search eng|nesy and multlple Characte$|sﬁ users WI”Ing to wait?”Behaviour & Information TeChnology, 23, 153-
the latency distribution may influence search engine prefer 163.
ence. These characteristics are easily manipulated in a cfsh Johnson, J. (200053U1 Bloopers, Academic Press, chapter 7.
tm"ed_ experiment. For gxample, user§ may be more seesn[y] Jupiter Research (200@Retail Web Site Performance: Consumer Reac-
to variable rather than fixed changes in latency, recenerath * tion to a Poor Online Shopping Experience, Vendor Research commis-
than older exposures to high latency, and sudden rather thansioned by Akamai. (http://www.akamai.com/4seconds).

gradual Cha_-nges- They may also adapt to S|0W§I’ or faster [@- kahneman, D. Tversky, A. (20005hoices, Values and Frames, Cam-
tency over time. These are but some of the theories othees hav bridge University Press, chapter 38.
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