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ABSTRACT

When creating interactive retrieval systems, we want to re-
duce the perceived difficulty of finding relevant documents.
We conducted a user study that controlled retrieval preci-
sion. We found that a higher retrieval precision caused a re-
duction in perceived difficulty compared to a lower retrieval
precision. We also found that higher precision increases en-
joyment and has some influence on ability to concentrate,
but we found no evidence that precision keeps the user en-
gaged vs. bored with the search.

1. INTRODUCTION

In this paper, we examine whether or not the user per-
ceives any differences in the search experience given a change
in precision. In other words, does retrieval precision affect
how a user feels about a search for relevant documents? We
certainly expect the topic to have significant impact on the
degree to which a search seems difficult or enjoyable, but
does precision?

To answer this question, we utilize data collected as part of
larger user study that we conducted to examine the relation-
ship between retrieval precision and human performance [5].
In that study, we examined the effect of two levels of pre-
cision on the performance of users. We looked at search
results with a uniform precision at rank N of 0.3 and 0.6.
Users were to find as many relevant documents as possible
within 10 minutes. We asked the users to work quickly and
to balance their speed with accuracy. We found that preci-
sion is strongly related to performance for the interfaces and
tasks of our study.

While the two levels of precision resulted in different levels
of human performance, did the retrieval precision affect the
users’ perception of search difficulty? We can improve user
performance as measured by some metric of our choosing,
but if users do not notice this measured performance im-
provement, then we may need to reexamine our conception
of performance. We found that:

e Retrieval precision has a statistically significant effect
on the perceived difficulty of finding relevant docu-
ments (p = 0.006) as well on the enjoyability of the
search experience (p = 0.016).

e The user’s ability to concentrate is somewhat impacted
by retrieval precision (p = 0.079).
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e The mood of the user (bored or engaged) is not affected
by retrieval precision (p = 0.341).

These results add support to results of Bailey, Kelly, and
Gyllstrom [3] who found that their estimate of topic diffi-
culty correlated with perceived difficulty of finding relevant
documents. Bailey et al. estimated a topic’s difficulty for
users by using a collection of existing user queries for the
topic and measuring the average nDCG of these queries.

There are many ways to describe topic difficulty. For ex-
ample, a topic could be hard for users to understand and dis-
tinguish relevant from non-relevant documents. Conversely,
a topic could be easy to understand, but the topic could re-
quire careful inspection of documents for relevance if there
are many requirements attached to what makes a document
relevant. Users can vary greatly in their familiarity of a
topic, and these differences in familiarity could affect the
user’s perception of the topic difficulty. Another notion of
topic difficulty may be to consider easier topics to be those
topics that allow more relevant documents to be found in a
given amount of time than harder topics.

Rather than attempt to define topic difficulty and deter-
mine its affect on various user measures, we control the pre-
cision of retrieval results for a set of topics. Many of the
ways to describe topic difficulty are likely independent of
the precision of the results the user is examining. Our pri-
mary contribution in this paper is that we show evidence
that precision causes changes in perceived difficulty. While
we believe that Bailey et al. also found that that users per-
ceive it easier to find relevant documents the higher the re-
trieval precision, they did not directly control the retrieval
precision nor did they vary precision across a set of topics.

2. METHODS AND MATERIALS

In this section, we briefly describe our user study. Details
can be found in our earlier publication [5].

We conducted a two phase user study. 48 users partic-
ipated in the study. The same users participated in both
phases of the study. For each phase, users completed 4
search tasks. A task corresponded to searching for docu-
ments relevant to a given TREC topic. Each task took 10
minutes. In total, we used 8 topics from the 2005 TREC Ro-
bust track, which are shown in Table 1. The 2005 Robust
track used the AQUAINT collection of 1,033,461 newswire
documents.

Each phase used a different user interface. Figure 1 shows
the user interfaces. In the first phase, users judged the rel-
evance of document summaries and full documents. Users
saw one summary or document at a time and had to judge
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Journalists’ group criticizes police tactic of posing as TV reporters
-05-16

Search Topic: Journalist Risks

Any document identifying an instance where a journalist
or correspondent has been kiled, arrested or taken
hostage in the performance of his work is relevant.

NEW YORK (AP) - The Committee to Protect Journalists on Friday criticized police in New Jersey
and Luxembourg for posing as television crews during separate hostage crises,

Even when carrying journalists' cameras seems necessary to stop a crime, police must realize
they risk endangening real reporters, said the group, a non-proft organization that works to
safeguard press freedoms.

“Such actions compromise the perceived independence of al journalists and increase the risks
they face daly in covering dangerous news stories," executive director Ann Cooper said in a
statement.

The committee criticized Newark, N.J., police for taking a camera from a New Jersey Network
news crew when a man allegedly holding his 9-year-old son hostage demanded to be interviewed
on television. Police said the tactic helped save the boy's

Police said All Kemourn kiled his wife and mother-in-law Tuesday and then held his son hostage
for several hours, refusing to negotiate until he could talk to a TV reporter. Officers borrowed a
camera from an NIN crew, and one posed as a reporter to interview him.

Kemoum released his son and was later charged with murder, kidnapping and weapons offenses.

Wi we understand that polce oftn fnd themselves in desperate stuatons, and that some
law experts belleve the confiscation of a camera In such a situation s legal, we hope this
disturbing tactic does not become a trend,"” Cooper said. "These actions might very well serve to
target journalists.”

Newark police defended thelr strategy, saying the camera helped cam Kemoum and save his
son's lfe.

"The use of an undercover polce officer as a reporter was pivotal in bringing a peaceful end to a
six-hour tragedy,” the department said in a statement. "Having an unarmed civilan, who has not
been trained In hostage situations, go Inside of the house for an Interview, wouid give the
Suspect an opportunity to take a second hostage or kil a third person.”

‘The Newark incident came two weeks after police in Luxembourg posed as a TV crew to lure a
‘qunman into an ambush and end a hostage criis.

When the gunman emerged for an “interview” June 1 holding a child in one arm and a grenade in
the other, police posing as cameramen kiled him. Three adults and 25 chidren held hostage for
about 30 hours were rescue

The Brussels-based International Federation of Journalists also criticized the poiice tactic. But
Luxembourg police defended the strategy, saying it minimized the threat to the hostages.
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Please search for and save documents relevant to the search topic on the right. Clicking on the document summary's title will take you to
a page with the full document where you can save the document if you think it is relevant. You can see the next 10 results by clicking a
link at the bottom of the page.

RESEARCHERS ARE SEARCHING FOR__AND TREATING _EARLY SIGNS OF
SCHIZOPHRENIA

Two research groups are adopting a much bolder strategy: They are identifying
young people at risk and treating them with low doses of anti-psychotic drugs, e i e

even though they do not exhibit the full-blown symptoms of the illness. But e e
scientists have long surmised that the iiness starts much earlier, the demons e
beginning ..

Search Topic: Mental Tliness Drugs.

Relevant documents will identify drugs used in the

EEW SEEK TO TREAT MENTA! AY:
After reviewing hundreds of studies, the report concludes that **a range of
effective treatments exist for nearly all mental disorders," including the most
severe. Many people with mental disorders do not realize that effective
treatments exist, or they fear discrimination because of the stigma attached to
mentalillness, the study foun

EXPERTS SAY STUDY CONFIRMS PRISON'S NEW ROLE AS MENTAL HOSPITAL
According to the report, mentally ill inmates in state prisons were more than twlce
as likely to have been homeless before thelr arrest than other inmates, twic

likely to have been physically and sexvaly abused in childhood and far more Siikely
to have been on drugs or alcohol. The report

CAPITOL SHOOTING EXPOSES CRACKS IN MENTAL-HEALTH CARE SYSTEM
But because of the closing of state mental hospitals across the country and the
failure to build a promised network of local clinics, the treatment of choice for him,
as for the vast majority of mental patients, was the honor system: counting on
him to give himself the often unpleasant antipsychotic 0;

ARE WE OVERMEDICATING OUR KIDS?
In preschool and kindergarten, he was impulsive and unable to sit down. He was
extremely cranky as an infant and had a bloodcurdling scream that made him
sound like he was being tortured, says his mother, Tracy McNair, 42, a consultant
from New York City.

READING, WRITING AND RITALIN: FURY, NOT FACTS, OVER CHILD BEHAVIOR
And politicians have seized the opportunity to condemn the *overmedicating" of
the nation's youngest citizens. The hand-wringing in recent weeks over a study
that documented an acute increase in the prescription of psychiatric medications
primarily stimulants and antidepressants _ for preschoolers over a five-year period
would suggest just that.

READING, WRITING AND RITALIN: FURY, NOT FACTS, OVER CHILD BEHAVIOR
And politicians have seized the opportunity to condemn the ~ ~overmedicating" of
the natinn! £ it Th + week fuuch
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Figure 1: The left screenshot shows the user interface (UI) for phase 1 with a full document. Participants
in phase 1 also judged document summaries in the same way. The right screenshot shows the phase 2 Ul
with query-biased document summaries shown. Clicking on a summary took the user to a page with the full
document. This page, similar to the phase 1 document judging UI on the left, allowed the user to save the

document as relevant, but did not require a relevance judgment be made.

Number | Topic Title Relevant
310 Radio Waves and Brain Cancer 65
336 Black Bear Attacks 42
362 Human Smuggling 175
367 Piracy 95
383 Mental Illness Drugs 137
426 Law Enforcement, Dogs 177
427 UV Damage, Eyes 58
436 Railway Accidents 356

Table 1: Topics used in the study and the number
of NIST relevant documents for each topic.

the document to see the next document. Summaries and
documents alternated.

In the second phase, the user interface was similar to to-
day’s web search engines that display 10 query-biased sum-
maries in response to a user’s search query. Clicking on a
summary showed the user the full document, and the user
could choose to save the document if it was relevant. If
the user believed the document was non-relevant, or did not
want to take further action on this document, the user would
click the web browser’s back button to return to the search
result summaries. Query reformulation was not possible.
While phase 1 restricted users to making judgments in the
order of the search results, phase 2 made no such restriction.

As part of the study, the users answered a questionnaire
after each task. For the questionnaire, we used the same 4
questions as used by Bailey et al. [3] in their work:

1. How difficult was it to find relevant documents about
this topic?

2. How would you rate your experience searching for in-
formation about this topic?

Post-Task Questionnaire
Search Topic : Black Bear Attacks

A relevant document would discuss the frequency of vicious black bear attacks worldwide and the
possible causes for this savage behavior. It has been reported that food or cosmetics sometimes
attract hungry black bears, causing them to viciously attack humans. Relevant documents would
include the aforementioned causes as well as speculation preferably from the scientific community as
to other possible causes of vicious attacks by black bears. A relevant document would also detail
steps taken or new methods devised by wildlife officials to control and/or modify the savageness of
the black bear.

. How difficult was it to find relevant documents about this topic?
Very Difficult
Difficult

O Neutral
Easy

O Very Easy

.

g

How would you rate your experience searching for information about this topic?
© Very Unenjoyable
Unenjoyable
© Neutral
Enjoyable
Very Enjoyable

How would you rate your mood while you searched?
O Very Bored
Bored
Neutral
O Engaged
Very Engaged

» ¥

How hard was it to concentrate while you searched?
O Very Hard
© Hard
Neutral
© Easy
O Very Easy

5 P
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Did you encounter any issues while completing this task? If yes, please describe.

ake a break, please do so now. When ready, please click the submit button to
continue.

Figure 2: Post-task questionnaire.



p-values of Experiment Factors

Post-Task Question User Topic Precision Phase Task
Finding Relevant Docs (Difficult - Easy) | 0.000 0.000 0.006 0.893 0.444
Experience (Unenjoyable - Enjoyable) 0.000 0.049 0.016 0.003 0.345
Mood (Bored - Engaged) 0.000 0.047 0.341 0.005 0.383
Ability to Concentrate 0.000 0.025 0.079 0.630 0.260

Table 2: Analysis of variance results for all factors.

Post-Task Question | PGN = 0.3 P@N = 0.6 | p-value
Finding Relevant Docs (Difficult - Easy) | 2.84 £ 0.08 3.13 £ 0.08 | 0.006
Experience (Unenjoyable - Enjoyable) 2.97 £ 0.06 3.16 £ 0.07 | 0.016
Mood (Bored - Engaged) 3.09 £0.07 3.17 £0.07 | 0.341
Ability to Concentrate 3.21 £ 0.06 3.34 + 0.07 | 0.079

Table 3: Average and standard error of users’ responses given the precision of the results.

3. How would you rate your mood while you searched?
4. How hard was it to concentrate while you searched?

Figure 2 shows the user interface for the post-task question-
naire. In our analysis, we mapped the 5 point Likert scale
for each question to the values 1 through 5 with the most
negative response mapped to 1, e.g. “Very Difficult”, and the
most positive response mapped to 5, e.g. “Very Easy”, and
the neutral response mapped to 3.

2.1 Experiment Factors

The factors of our experiment include the phase of the
study, the task order, the topic, the user, and the precision
of the ranked list. The responses that we examine are the 4
post-task questions that we asked of each user.

Phase The experiment had two phases, phase 1 and 2,
as described above. The phase of the experiment contains
a possible order effect. Phase 1 of the experiment always
occurred before phase 2. The user interface was tied to the
phase of the experiment.

Task  Users completed two 1 hour sessions. A session
corresponded to a phase of the experiment, and each ses-
sion included 4 tasks. We number the tasks 1 through 4.
Search topics and precision levels were rotated across tasks
and balanced across all other factors. Of the eight topics,
users would complete 4 of the 8 in phase 1 and the remaining
4 in phase 2.

Topic  As described above, the experiment used the 8
topics shown in Table 1.

User  We continued to recruit participants until after
data cleaning [5] we had a completely balanced experiment
with 48 users. Each user completed both phases.

Precision  We looked at two levels of precision. For a
given topic, users would receive either the higher or lower
precision ranked list of documents. We carefully constructed
the ranked lists of documents to produce near uniform lev-
els of precision at rank N. As such, the ranked lists have
near equal precision at N, mean average precision (MAP),
and R-precision (precision at the number of known relevant
documents, R). The lower level of precision was 0.3 and the
higher level of precision was 0.6. We choose these levels of
precision based on the range of precision at 10 for the runs
without obvious errors submitted to the TREC 2005 Robust
track.

3. RESULTS AND DISCUSSION

For each of the post-task questions, we performed an anal-
ysis of variance (AOV) with the question as the response. As
can be seen in Table 2, precision has a statistically significant
impact on perceived difficulty of finding relevant documents
(p = 0.006). Table 3 reports the average response and AOV
p-value for each question given the two levels of precision.
As expected, the user and topic also have a significant im-
pact on perceived difficulty and all other responses. The
user interface (phase) and task order did not impact per-
ceived difficulty. The task order had no significant effect on
any of the responses.

Precision also had a statistically significant effect on the
enjoyability of the search experience (p = 0.049). It ap-
pears that users felt that their concentration was better with
higher precision (p = 0.079), but this effect was not as strong
as for difficulty or enjoyability. There is no evidence that
precision affected the mood (engagement) of the users (p =
0.341).

The phase did have a significant effect on both the enjoy-
ability (p = 0.003) and mood (p = 0.005) of the users. Users
enjoyed and felt more engaged with phase 2 than with phase
1, but because the user interface was not rotated across
phases, we cannot draw any conclusion about the effect of
the user interface on the user. We hypothesize that the
web-like interface of phase 2 was the cause of the improved
enjoyability and mood. There is no evidence of either phase
making the user feel as though it was easier to find relevant
documents (p = 0.893).

To give some sense of the variability in the topics, Figure 3
shows the user performance for both phases and topics. Of
the many possible ways to define and measure topic diffi-
culty, one objective measure is the number of documents
found relevant by the user in 10 minutes.

Of note, for the results shown in Figure 3, precision is a
controlled variable. With an actual retrieval system, users
might be able to easily obtain high precision results for one
topic but not for the other. For example, Bailey et al. [3]
found topics 336 and 367 to be “easy” topics based on the
nDCG scores for queries obtained from users. Topic 336 is
certainly not “easy” if we take the number of relevant docu-
ments found in 10 minutes as our measure of topic difficulty.
For phase 2, topic 336 was one of the more difficult topics as
measured by number of documents saved as relevant. Topic
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Figure 3: Number of documents judged as relevant (phase 1) and saved as relevant (phase 2) per topic. Each
topic represents 24 users’ data. The median is the heavy line inside the box. The box represents the data
from the 1st quartile to the 3rd quartile, i.e. 50% of the values fall within the box.

367 does appear to be one of the easier topics. All the topics
shown in Figure 3 have an equal number of users searching
the same result lists of controlled levels of precision. Our
control of precision across topics is one of the differences
between our and Bailey et al.’s work.

4. RELATED WORK

There has been quite a bit of research looking at retrieval
precision and its effect on user performance and satisfaction.
We limit our review here to a few papers on precision’s effect
on perceived difficulty and satisfaction. We have already
discussed the work of Bailey et al. [3] whose questions we
used for our work.

Most similar to our user study is the work of Kelly, Fu, and
Shah [4] who controlled the quality of the search results and
asked users to evaluate the quality of the retrieval system.
Kelly et al. found that higher precision resulted in better
evaluation scores for the system. Their study differed from
ours in that while we were primarily concerned with user
performance, they were concerned with users’ evaluations of
the search engines. It may be that users consider retrieval
quality to be the same as their difficulty with finding rele-
vant documents, but we think Bailey et al.’s question about
perceived difficulty is directed at the user’s personal assess-
ment of their search and not directed towards the search
engine. Unfortunately we only had one question about diffi-
culty. Multiple questions would have helped us target some
questions towards the user and some towards the retrieval
system. In addition to their own work, Kelly et al. provide
an extensive and excellent review of related literature.

Al-Maskari, Sanderson, and Clough have studied the rela-
tionship between retrieval quality and user satisfaction [2].
They found a strong correlation between user satisfaction,
precision, and cumulated gain, but a weaker correlation with

discounted cumulative gain, and little correlation with nDCG.

There may be an interesting difference between satisfac-
tion and difficulty with finding relevant documents. Recall
that Bailey et al. [3] found a correlation between nDCG
and perceived difficulty. In another experiment, Al-Maskari

and Sanderson [1] again report that system effectiveness, as
measured by mean average precision, is positively correlated
with user satisfaction as is user effectiveness and user effort.

5. CONCLUSION

We conducted a two phase user study that controlled re-
trieval precision. Across search topics, user performance dif-
fered greatly with some topics being much easier than others
to find relevant documents. We found that retrieval preci-
sion had a statistically significant effect on perceived diffi-
culty of finding relevant documents. In addition, we found
that the higher level of precision produced more enjoyment
and somewhat increased concentration, but we found no ev-
idence that precision affected engagement with the search.
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