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Abstract

This paper examines the changes of information searchers’ topic knowledge levels in the process of

completing information tasks. Multi-session tasks were used in the study, which enables the convenience of eliciting
users’ topic knowledge during their process of completing the whole tasks. The study was a 3-session laboratory ex-
periment with 24 participants, each time working on one subtask in an assigned 3-session general task. The general
task was either parallel or dependently structured. Questionnaires were administered before and after each session to
elicit users’ perceptions of their knowledge levels, task attributes, and other task features, for both the overall task
and the sub-tasks. Our results support the assumption that users’ knowledge generally increases after each search
session, but there were exceptions in which a “ceiling” effect was shown. We also found that knowledge was corre-
lated with users’ perceptions of task attributes and accomplishment. In addition, task type was found to affect sever-
al aspects of knowledge levels and knowledge change. These findings further our understanding of users’
knowledge in information tasks and are thus helpful for information retrieval research and system design.

Keywords Knowledge change, pre-task knowledge, post-task knowledge, multi-session task, task type

1. INTRODUCTION

Information tasks involve people searching for
information to solve the tasks with which they
are in an Anomalous State of Knowledge (ASK)
(Belkin, 1980). It is understood that along with
the process of working on their tasks, people ob-
tain information and therefore gain knowledge,
as Brookes (1980) noted in his “fundamental

equation” of information and knowledge (p. 131).

As an important factor that could affect users’
search behaviors and performance, knowledge
has gained much research attention in the field of
information science and related areas (e.g., Mar-
chionini, 1989; Allen, 1991; Hsieh-Yee, 1993;
Vakkari, Pennanen & Serola, 2003; Wildemuth,
2004; Zhang, Anghelescu, & Yuan, 2005; White,
Dumais, & Teevan, 2009).

Despite the assumption that users gain
knowledge through working with the information
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tasks, so that in later stages users are more
knowledgeable about their tasks, there has been
no research, to our knowledge, that closely ex-
amines users’ knowledge and their knowledge
change during the task process. We have there-
fore tested the general assumption about
knowledge gain in the information task process,
in order both to enhance our understanding of
human knowledge gain and to improve the de-
sign of information systems.

In everyday life, there are many tasks that
cannot be accomplished in one session but re-
quire multiple sessions for various reasons, such
as the complexity of the task, the difficulty in
locating desired information, time constraints,
and so on. According to interviews by Spink
(1996) with 200 academic end users who
searched online public access catalogs or CD-
ROM databases for information search, 57% of
users conducted multi-session searches. It has
also been estimated recently that 25% of the
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overall query volume on the web corresponds to
this type of task (Donato, Bonchi, Chi, & Maarek,
2010). There have also been studies examining
the relationship between users’ knowledge and
their searching behaviors in multi-stage tasks
(e.g., Vakkari, Pennanen & Serola, 2003;
Wildemuth, 2004), assuming that users’ topic
knowledge increases in later stages.

While they happen quite often in everyday
life, multi-session tasks also provide a good way
to study people’s knowledge change in infor-
mation tasks in laboratory settings. Unlike single
session tasks, in which eliciting users’
knowledge in the process of task completion is
likely to interrupt their tasks, knowledge elicita-
tion during multi-session tasks can be conducted
before and/or after sessions, which still measures
users’ knowledge during the process of task
completion.

In the field of human information behavior,
many studies have shown that task type is a sig-
nificant contextual factor that influences the way
users search for information (e.g., Li & Belkin,
2008; Liu et al., 2010). Therefore, we explicitly
consider the issue of whether task type influences
knowledge gain during information seeking.

Thus, in the current study, which is explora-
tory in nature, we aimed at answering the follow-
ing research questions in multi-session tasks:

1) How does users’ knowledge change be-
fore and after each information seeking
session?

2) How does users’ knowledge change
across multiple information seeking ses-
sions?

3) How do users’ knowledge and knowledge
change relate to task attributes including
task difficulty, task success, and task sat-
isfaction?

4) Does users’ knowledge change show dif-
ferent patterns in different task types?

2. LITERATURE REVIEW

2.1 The effect of knowledge on search
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As one of the factors that affect information
seekers’ search behaviors, knowledge has re-
ceived much research attention. Previous studies
have found, for instance, that knowledge affects
users’ search term use (e.g., Hsieh-Yee, 1993;
Wildemuth, 2004), reading time on documents
(e.g., Kelly & Cool, 2002; Kelly, 2006), and
search performance measured by precision and
recall (e.g., Allen, 1991; Marchionini, 1989).
Such studies have generally taken one of two
methodological approaches: comparison of be-
haviors between groups with different levels of
knowledge; and, comparison of behaviors of in-
dividuals with (presumed) changing levels of
knowledge. We review next some studies of the
former sort, and follow with a review of studies
of the latter type.

Hsieh-Yee (1993) gave participants one
search task inside their field (with high familiari-
ty) and one task outside their field (with low fa-
miliarity). She found that when users had a cer-
tain search experience, subject knowledge affect-
ed their search tactics. When working with a less
familiar topic, participants used the thesaurus
more for term suggestion, made more effort in
preparing for the search, and included more syn-
onyms, etc. Hembrooke et al. (2005) took a simi-
lar approach, having participants choose 2 tasks
that they were familiar with and 2 tasks that they
were not. They found that experts with high topic
knowledge issued longer and more complex que-
ries, and used elaborations as a reformulation
strategy more often as compared to simple
stemming and backtracking modifications used
by novices. Sihvonen & Vakkari (2004) invited
two groups of participants: an expert group of 15
undergraduates in pedagogy and a novice group
of 15 students with no previous studies in this
field. They found that the thesaurus improved
search effectiveness of the experts, but not the
novices.

Zhang et al. (2005) divided their participants
into high and low groups according to their self-
rated familiarity with selected thesaurus terms in
the heat and thermodynamics domain. They
found that domain experts issued longer queries
and had more queries per task. Duggan and
Payne (2008) also divided participants into low



KNOWLEDGE CHANGE IN TASK COMPLETION | LIU, J., BELKIN, N.J., ZHANG, X., and YUAN, X.

and high knowledge groups according to their
knowledge scores of knowledge tests. They
found that while domain knowledge for the mu-
sic domain had little effect on search perfor-
mance, that for the football domain had a large
effect on search performance: it was positively
correlated with search accuracy, and negatively
correlated with time spent on web pages and
mean query length. White et al. (2009) separated
domain experts and novices according to the fre-
quency of their visits to some representative
websites in specific domains. They found that
within their domain of expertise, experts search
differently than non-experts in terms of the sites
they visit, the query vocabulary they use, their
patterns of search behavior, and their search suc-
cess.

Kelly & Cool (2002) looked at the correlation
between users’ behaviors and their self-rated top-
ic familiarity based on a 5-point scale. They
found that with the increase of one’s familiarity
with topics, his/her reading time tended to de-
crease and the efficacy, measured by the ratio of
the number of saved documents to the total num-
ber of viewed documents, increased. Using the
same method of participants’ self-rated familiari-
ty degrees with task topics, Kelly (2006) found
that user topic familiarity, as a contextual factor,
had significant effects on user behaviors, specifi-
cally, document display time.

Because in these studies, each participant’s
knowledge was considered to be static at the re-
search time, it was not possible to investigate
changes in their knowledge, or changes in their
searching with any presumed knowledge change.
Another group of studies of knowledge and
search behavior has been able to consider differ-

ences in behaviors as levels of knowledge change.

In her Information Seeking Process (ISP)
model, Kulthau (1991) pointed out that users’
cognitive states, i.e., thoughts, change along with
the search process. This suggests that users’
knowledge changes during the course of the en-
tire process, as one would assume. The literature
has seen efforts studying information searchers’
behavior changes while their knowledge changes
along different search stages. Vakkari, Pennanen,
& Serola (2003) examined the search behaviors
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of 22 psychology students who searched on
PsychINFO while preparing a research proposal.
Observation was made at two points in their de-
velopment of the research proposals: one in the
beginning of a 3-month seminar and the other at
the end of it. The study found that as students
learned more about their research topics, i.e., in
the end of the seminar, they used a wider and
more specific vocabulary, compared to the be-
ginning of the seminar. Likewise, Wildemuth
(2004) conducted a study of 77 medical students
working with questions in the domain of micro-
biology. Three assessment occasions were used
in the research design to represent different lev-
els of domain knowledge among the participants:
one before entering a medical course, one right
after the end of the course, and one six months
after they finished the course. The study found
that low domain knowledge was associated with
less efficient selection of concepts to include in
the search and with more errors in the reformula-
tion of search tactics. These studies all assumed
that users’ knowledge changed at the different
stages. However, there were no attempts at de-
scribing in detail how users’ knowledge changed
during, or as a result of, the searching process.

2.2 Knowledge assessment

Due to the fact that knowledge is not easily
measured, we provide a summary of knowledge
assessment and/or elicitation methods. In general,
studies in the literature have used the following
methods: 1) scoring by the accuracy or correct-
ness of answers to some test questions in a do-
main (e.g., Duggan & Payne, 2008); 2) evaluat-
ing the output of some tasks, for example, meas-
uring the coverage and depth of the summaries
that participants were asked to write as used in
Kammerer et al. (2009) and Wilson & Wilson (in
press); 3) participants’ self-rating of their famili-
arity with thesaurus terms in a specific domain
(e.g., Zhang et al., 2005; Cole et al., 2010); and 4)
participants’ self-rating of their familiarity with
the task topics (e.g., Kelly & Cool, 2002; Kelly,
2006). Administering domain knowledge tests
may be costly and it is challenging to correlate
the measurements with the topics or tasks in an
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experimental setting or real situations where the
tasks are not covering the whole domain. In addi-
tion, the tests must be carefully selected to main-
tain reliability. On the other hand, participants’
self-rating of their knowledge has been used in
many studies due to its convenience and not add-
ing stress to the participants.

One issue about self-reported knowledge lev-
el is its reliability. Brantmeier & Vanderplank
(2008) claimed that self-assessment question-
naires are good predictors of computer-based
tests and classroom performance as measured in
terms of sentence comprehension and multiple-
choice tests. Cole et al. (2010) studied the rela-
tionship between participants’ self-ratings of
their topic knowledge with genomics tasks and
their self-ratings on their familiarity with MeSH
terms in the genomics domain. They found that
participants’ self-rated knowledge levels were
significantly and highly correlated with their
knowledge levels elicited by their familiarity
with the thesaurus terms. Kelly et al. (2006)
evaluated alternative information systems for in-
telligence analysts with involvement of self-
assessment and cross-assessment of the reports
produced by the analysts. They reported that the
analysts producing the best reports, were most
accurate in ranking the work of others but most
likely to underestimate their own reports in self-
assessment; and the analysts who produced the
lower ranked reports did the opposite. All these
studies indicated that while not an ideal method,
in general, participants’ self-rating on their
knowledge levels or topic familiarity degrees
could be a rather reliable estimate of their “real”
knowledge levels, especially when there are a
group of participants where the possibility of
over- or under-estimation could be evened out.

2.3 The effect of task type on search

In the field of human information behavior,
many studies have shown that task type as a con-
textual factor influences the way users search for
information. One stream of such research exam-
ines the effect of task type on user behaviors in
searching and has found significant effects. For
example, information gathering tasks are the
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most complex out of several types and require
long task completion time and viewing more
pages (Kellar et al., 2007); complex tasks require
users to seek more types and more sources of in-
formation, and users working on complex tasks
are less likely to predict the types of information
they need, and are more dependent upon experts
to provide useful information (Bystrom & Jirve-
lin, 1995; Bystrom, 2002); mixed-product tasks
require longer task completion time, more pages
and more search sources than factual tasks (Liu,
Gwizdka, Liu & Belkin, 2010). Another stream
of research explores whether task type affects
modeling of document usefulness or task diffi-
culty. For example, task type information helps
predict document usefulness from first dwell
time and task stage (Liu & Belkin, 2010). There
are also studies which have found that task type
should be considered when predicting task diffi-
culty based on observed behaviors (Kim, 2006;
Liu, Gwizdka, Liu & Belkin, 2010).

The previous studies on task types were
based on various task classification schemes,
which makes it difficult to compare across stud-
ies. Li & Belkin (2008) developed a comprehen-
sive task classification scheme, with 15 dimen-
sions along which task features can be defined.
Based on this scheme, tasks could be designed
with some facets controlled and other facets var-
ied to examine their effects. For example, Liu,
Gwizdka, Liu & Belkin (2010) found that several
task facets, e.g. goal (quality), product, level of
document judgment, objective complexity, all
had influence upon users’ search behaviors when
accomplishing search tasks.

2.4 Summary

There is a substantial literature on the relation-
ships between knowledge of task or topic, and
information seeking behaviors, and some re-
search on the relationships among task types,
knowledge and search behaviors. But there has
been little, if any research on how task/topic
knowledge changes during the course of infor-
mation seeking with respect to some task or goal,
nor of possible interaction effects between task
type and knowledge change. The reason for
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wanting to know about this is based on the re-
search that shows how search behaviors change
with knowledge level. If we wish to support peo-
ple in their information seeking, we would like to
be able to interpret their behaviors such that we
can make accurate predictions of their
knowledge levels.

3.METHOD

A 3-session laboratory experiment was conduct-
ed which collected data to answer our research
questions. The choice of 3 sessions was the same
as what has been done in the literature, such as
Vakkari, Pennanen, & Serola (2003) and Wilde-
muth (2004). This section introduces the study
design and describes how data were collected in
detail.

3.1 Experiment settings

The experiment was conducted in a usability la-
boratory on campus. A desktop computer with
Internet Explorer browser was used as the exper-
imental system in the study. Participants were
invited in the study to complete tasks that re-
quired them to search the Web for the needed
information. Participants were asked to use the
browser to find the needed information for the
assigned task. They could use any search en-
gine(s) they preferred. Users’ interaction with the
system was logged by the usability software Mo-
rae'.

3.2 Tasks

Tasks were designed to mimic journalists’ as-
signments since they could be relatively easily
set as realistic tasks in different domains. Among
the many dimensions of task types, this study
focused on task structure, i.e., the inter-subtask
relation, varying it while keeping other facets in
the comprehensive task classification scheme
proposed by Li & Belkin (2008) as constant as
possible. This makes it reasonable to attribute the
task difference to this single factor of task struc-

! http://www.techsmith.com/morae.html
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ture. Two task types were used in the current
study: one parallel and one dependent, similar to
the two task types of the parallel and the hierar-
chical used in Toms et al. (2007). They both had
three sub-tasks, each of which was worked on by
the participants during one session, for three ses-
sions in total.

The tasks asked the participants to write a
three-section feature story on hybrid cars for a
newspaper, and to finish and submit each article
section (also called a report) at the end of each
session. At the end of the 3rd session, partici-
pants were asked to integrate the 3 sections into
one article. In the dependent task (DT), the three
sub-tasks were: 1) collecting information on
what manufacturers have hybrid cars; 2) select-
ing three models that you will mainly focus on in
this feature story; and 3) comparing the pros and
cons of three models of hybrid cars. In the paral-
lel task (PT), the three sub-tasks were finding
information and writing a report on three models
of cars from the automobile manufacturers re-
nown for good warranties and fair maintenance
costs: 1) Honda Civic hybrid; 2) Nissan Altima
hybrid, and 3) Toyota Camry hybrid. It was hy-
pothesized that the sub-tasks in the parallel task
were in parallel and independent of one another,
but those in the dependent task would be per-
ceived to be having at least some notional order.

3.3 Participants

The study recruited 24 undergraduate Journal-
ism/Media Studies and Communication students
(21 female, 3 male) via student mailing list and
post board in the School of Communication and
Information at Rutgers University. Participants’
mean age was 20.4 years. They self-reported to
have an average of 8.4 years of online searching
experience, and rated their levels of expertise
with searching as slightly above average
(M=5.38) (1=novice, 7=expert). Each of them
came 3 times within a 2-week period based on
their convenient schedule. Each was assigned to
a specific task type: either parallel or dependent.
To maintain consistency, sub-task orders in task
description in both tasks were rotated and users
were allowed to choose whatever order of sub-



KNOWLEDGE CHANGE IN TASK COMPLETION | LIU, J., BELKIN, N.J., ZHANG, X., and YUAN, X.

tasks they preferred. Each participant obtained a
$30 payment after finishing all 3 sessions. To
encourage their serious participation in the study,
the participants were offered an incentive of an
additional $20 for the top 6 who submitted the
most detailed reports.

3.4 Procedure

Participants came individually to the usability lab
to take part in the experiment. Upon arrival in the
first session, they completed a consent form and
a background questionnaire eliciting their demo-
graphic information and search experience. They
were then given the general work task (either
parallel or dependent) to be finished in the whole
experiment. A pre-session task questionnaire
then asked them to rate, on a 7-point scale (1=not,
7=very) (note: all questionnaires in the study
used the same scale except when otherwise spec-
ified), their familiarity with the general task topic,
their previous experience with this kind of as-
signment, and how difficult they think it would
be to find information for the task. They were
then asked to pick one sub-task to work on in
that session. A pre-session sub-task questionnaire
followed to collect their familiarity with the sub-
task topic, their previous experience with this
kind of sub-assignment, and how difficulty it
would be to find information for the sub-task.
Then participants were given up to 40 minutes to
work on the subtask: searching freely on the Web
for useful sources and writing the report. After
that, participants went through an evaluation pro-
cess to rate the wusefulness of each
webpage/document that they had viewed. A post-
session sub-task questionnaire and a post-session
general task questionnaire were then adminis-
tered to elicit user perceptions on the difficulty,
task success, and satisfaction with the sub-task
and the general task, as well as familiarity with

21t turned out that the 12 dependent task participants had 5 actual
sub-task orders, 8 of them were following collect-select-
compare, which seemed a logical order to most people. The 12
parallel task participants had 6 task orders, and there was not a
single order that appeared to be an overwhelming preference of
the participants.
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the subtask and general task topics. This ended
the first session.

In the 2nd and the 3rd sessions, participants
went through the same processes except for fill-
ing out the consent form and the background
questionnaire. In the 3rd session, after the post-
session general task questionnaire, an exit inter-
view asked participants to rate their overall
knowledge gain (on a 7-point scale) and to com-
ment on the whole experiment.

3.5 Knowledge variables

As indicated above, in our study, participants
were asked to rate their familiarity level with the
task topics based on a 7-point scale, where “1”
was for “Not at all” and “7” was for “Extremely”.
This rating of topic familiarity was treated as
measuring one’s topic knowledge level. Topic
knowledge in our study was measured for both
the general tasks and the sub-tasks, both before
and after each session. Thus, we had four
knowledge variables that enable us to compre-
hensively examine users’ knowledge levels and
their changes. The following shows the four var-
iables and the questions that participants were
asked to rate on’:

Pre-session general task topic knowledge:
“How familiar are you with the topic of this
assignment?”

Post-session general task topic knowledge:

“At this point, how familiar are you with the

topic of this GENERAL assignment?”

* Pre-session sub-task topic knowledge: “How
familiar are you with the topic of this SUB-
assignment?”

* Post-session sub-task topic knowledge “At

this point, how familiar are you with the topic

of this SUB-assignment?”

? The capital words in the questions were as they were in the
questionnaires. The use of capital words was to avoid possible
confusions between general task and sub-task to the users.
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4. RESULTS

To answer our 4 research questions, analyses
were conducted for the above listed 4 knowledge
variables in both the parallel and the dependent
tasks and for all 3 sessions regarding users’
knowledge levels, knowledge changes, as well as
the relationships between them and other varia-
bles. We found that these knowledge variables
were not normally distributed, so non-parametric
tests were used in our analyses unless otherwise
specified.

4.1 Overview of users’ knowledge levels

4.1.1 Overview of general task knowledge levels
Although knowledge variables were not normally
distributed, it still helps intuitively to look at
their means and standard deviations (SDs). Fig-
ure 1 shows users’ pre- and post-session general
task topic knowledge in the 3 sessions when both
tasks were considered together.

The within-session knowledge comparison
(Table 1) shows that when the 3 sessions were
combined, on average, users’ post-session gen-
eral task knowledge was higher than the pre-
session one. The same pattern was found in indi-
vidual sessions 1 and 2. In session 3, the descrip-
tive data shows the same tendency, but the dif-
ference is not significant.

Comparison of users’ knowledge among
sessions (Table 2) found significant differences
for the pre-session general task knowledge
(Kruskal-Wallis H(2, N=72)=14.89, p<.005) and
the post-session general task knowledge (H(2,
N=72)=13.90, p<.005). Post-hoc analysis using
the Tukey test revealed that the differences in
both types of knowledge were between sessions
1 and 3. In session 3, not only did users have
significantly higher levels of pre-session
knowledge than in session 1, but they also
reached significantly higher levels of post-
session knowledge than in session 1. In addition,
as one would expect, the difference between
users’ post-session knowledge in session 3 and
pre-session knowledge in session 1 was
significant (H(2, N=24)=4.27, p=.000). These
results all demonstrate that users’ knowledge
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levels did increase in the process of completing
their tasks.

Another point to note is that users’ pre-
session general task knowledge was a bit lower
than the previous session’s post-session general
task knowledge. This is reasonable considering
that when coming back in a later session, partici-
pants may have forgotten some of what they had
learned in the previous session. It may also have
something to do with the learning effect and con-
fidence. After the previous session, users may
have felt that they learned a lot and were confi-
dent in giving a higher score in the new session
for their pre-task knowledge.

4.1.2 Overview of sub-task knowledge levels
Figure 2 shows the changing tendency of the pre-
and post-session sub-task knowledge in the 3
sessions. Table 3 shows the results of paired
comparison between pre- and post-session sub-
task topic knowledge using a paired t-test. As can
be seen, in general, users’ sub-task topic
knowledge did increase.

Table 4 shows the comparison of the pre- and
post-session sub-task knowledge among 3 ses-
sions. Unlike the pre-session general task
knowledge that increased along sessions, pre-
session sub-task knowledge did not have differ-
ences among 3 sessions (H(2, N=72)=0.165,
p>.05). This is reasonable considering that the
sub-tasks were different between sessions, and
that users could have equal levels of baseline
knowledge on the different sub-tasks. On the
other hand, wusers’ post-session sub-task
knowledge did show a difference (H(2,
N=72)=8.18, p<.05). Post-hoc analysis using
Tukey found that the difference was between
sessions 1 and 3. This meant that although for the
different sub-tasks, users had equal levels of
baseline knowledge, after working on them, they
had a higher level of knowledge in session 3 than
in session 1. It could be possible that users
learned more for the sub-task in the 3™ session
given their experiences in the previous sessions
with the sub-tasks in the same general task.
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Stage

Mean
T

T T T T T T
pre-sessiontask post-session pre-sessiontask post-session pre-sessiontask post-session
familiarity task familiarity familiarity task familiarity familiarity task familiarity

Figure 1. Pre- and post-session general task topic
knowledge

Stage
1 2 3
6
5
c
©
o 4
=
34
24
1 T T T T T T
p ion sub-  post- i pi ion sub- post- i pi ion sub- post i
task familiarity sub-task task familiarity sub-task task familiarity sub-task
familiarity familiarity familiarity

Figure 2 Pre- and post-session sub-task topic knowledge

Table 1 Paired comparison between pre- vs. post-session general task topic knowledge (Mean (SD))

Pre-session Post-session Z(p)
Session 1 2.75(1.51) 4.25(1.03) 3.323 (.001)
Session 2 3.79 (1.53) 496 (1.12) 3.685 (.000)
Session 3 4.75 (1.80) 542 (1.02) 1.620 (.105)
3 sessions together 3.76 (1.80) 4.88 (1.15) 5.045 (.000)

Table 2 Pre- vs. post-session general task topic knowledge across sessions (Mean (SD))

Pre-session Post-session
Session 1 2.75 (1.51) 4.25(1.03)
Session 2 3.79 (1.53) 496 (1.12)
Session 3 4.75 (1.80) 542 (1.02)
H(p) of 3-session comparison 14.89 (.001) 13.90 (.001)

Table 3 Paired comparison between pre- and post-session sub-task topic knowledge (Mean (SD))

Pre-session Post-session Z(p)
Session 1 2.75(1.51) 4.29 (1.46) 3.00 (.003)
Session 2 2.75 (1.70) 5.00 (0.93) 3.97 (.000)
Sessoin 3 3.00 (1.91) 5.38 (1.28) 4.04 (.000)
All 3 sessions 2.83 (1.70) 4.89 (1.31) 6.31 (.000)

Table 4 Pre- vs. post-session sub-task topic knowledge across sessions (Mean (SD))

Pre-session Post-session
Session 1 2.75(1.51) 4.29 (1.46)
Session 2 2.75 (1.70) 5.00 (0.93)
Session 3 3.00 (1.91) 5.38 (1.28)
H(p) 0.165 (0.921) 8.177 (0.017)
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4.2 Users’ knowledge in two tasks

4.2.1 General task topic knowledge in two task
types Figure 3 shows users’ pre- and post-session
general task knowledge in the 3 sessions in the
two tasks. Table 5 shows the within-session
comparison of knowledge in individual tasks us-
ing paired t-test. As can been seen, when all 3
sessions were considered together, users’ post-
session general task knowledge level was higher
than their pre-session one, and this was also
found in both tasks. In the dependent task, post-
session task knowledge level was always higher
than the pre-session one. In the parallel task,
however, only in session 2 was post-session task
knowledge level significantly higher than the
pre-session one. In sessions 1 and 3, no signifi-
cant differences were found between users’ pre-
and post-session knowledge levels, although de-
scriptively, the latter was higher than the former.

Table 6 shows the between-session
comparison of users’ pre- and post-session
general task knowledge levels in the two tasks.
As can be seen, in the dependent task, users’
rating scores for both the pre-session general task
knowledge (H(2, N=72)=7.97, p<.05) and the
post-session general task knowledge (H(2,
N=72)=16.39, p<.001) had differences among 3
sessions. Post-hoc analysis using Tukey revealed
that the difference for pre-session knowledge
was between sessions 1 and 3, and the
differences for post-session knowledge were
between sessions 1 and 2, and between sessions 2
and 3. In the parallel task, users’ rating scores for
the pre-session general task knowledge also had
differences among 3 sessions (H(2, N=72)=8.15,
p<.05), specifically, between session 1 and 3 as
revealed by Tukey test. However, the post-
session general task knowledge levels did not
significantly increase along sessions (H(2,
N=72)=3.80, p>.05).

We did further analysis using General Linear
Model (GLM) for the effects of task and session
on the pre- and post-session general task
knowledge. Results (Table 7) show that in gen-
eral, users’ knowledge level increased across 3
sessions, and this happened with both the pre-
task knowledge (F(2,70)=9.601, p<.001) and the
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post-task knowledge (F(2, 70)=8.181, p=.001).
As for the effect of task, results show that users’
pre-session general task knowledge level in the
parallel task was higher than that in the depend-
ent task (F(2, 70)=5.336, p<.05). However, post-
session general task knowledge in the two tasks
did not show significant differences. This means
that although users working with the parallel task
showed a higher level of baseline knowledge
than those in the dependent task, after sessions,
they had equal levels of knowledge. It would be
interesting for us to further explore if the same
result applies to a study using different kinds of
tasks.

4.2.2 Sub-task topic knowledge in two task types
Figure 4 shows the pattern of users’ pre- and
post-session sub-task knowledge change in the 3
sessions in the two tasks. The comparison be-
tween pre- and post-session sub-task knowledge
(Table 8) shows that in general, users’ post-
session sub-task knowledge level was higher
than the pre-session one, and this applied to both
tasks, in each of the 3 sessions, as well as when 3
sessions were considered together.

Table 9 shows the results of knowledge level
comparison across 3 sessions, for the pre- and the
post-session sub-task knowledge respectively, in
two tasks. No statistically significant differences
were found in either pre- or post-session
knowledge among the 3 sessions, in either type
of task. This means that in individual tasks, users’
pre- or post-session sub-task knowledge level in
later sessions was not higher than that in the pre-
vious sessions, despite that when both tasks were
combined for analysis, users’ post-session sub-
task knowledge level in session 3 was greater
than that in session 1 (see Table 5).

The GLM analysis for the effects of task and
session on pre- and post-session sub-task
knowledge level (Table 10) showed that task was
not a significant factor on either of them. As for
task session’s effect, users’ pre-session sub-task
knowledge level did not show a difference be-
tween sessions (F(2, 70)=0.166, p>.05), but their
post-session sub-task knowledge was different
between sessions (F(2, 70)=4.632, p<.05). These
were consistent with those displayed in Table 9.
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Table 5 Paired comparison between pre- and post-session general task topic knowledge in two tasks (Mean (SD))

Dependent task Parallel task
Pre-session Post-session Z(p) Pre-session Post-session Z(p)
Session 1 2.33(1.07) 4.17 (0.39) 2.969 (.003) 3.17 (1.80) 433 (1.44) 1.810 (.070)
Session 2 3.58 (1.44) 475 (0.62) 2401 (.016) 4.00 (1.65) 5.17 (1.47) 2.889 (.004)
Sessoin 3 4.08 (1.68) 5.58 (0.90) 2.388 (.017) 542 (1.73) 542 (1.17) 000 (1.00)
All 3 sessions 333 (1.57) 4.83 (0.88) 4.451 (.000) 4.19 (1.93) 4.97 (1.40) 3.073 (.002)

Table 6 Pre- vs. post-session general task topic knowledge across sessions in two tasks (Mean (SD))

Dependent task Parallel task
Pre-session Post-session Pre-session Post-session
Session 1 2.33(1.07) 4.17 (0.39) 3.17 (1.80) 433 (1.44)
Session 2 3.58 (1.44) 4.75 (0.62) 4.00 (1.65) 5.17 (1.47)
Session 3 4.08 (1.68) 5.58 (0.90) 542 (1.73) 542 (1.17)
H(p) 7.96 (019) 16.39 (.000) 8.15 (.017) 3.80 (.149)

Table 7 GLM analysis of session and task effects on pre- and post-session general task knowledge

Pre-task general task knowledge F(p) Post-task general task knowledge F(p)
Session 9.601 (.000) 8.181 (.001)
Task 5.336 (.024) 0.301 (.585)
Session*task 0.505 (.606) 0.446 (.642)
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Table 8 Paired comparison between pre- vs. post-session sub-task topic knowledge in two tasks (Mean (SD))

Dependent task Parallel task
Pre-session Post-session Z(p) Pre-session Post-session Z(p)
Session 1 2.50 (1.38) 4.33(1.16) 2.325 (.020) 3.00 (1.65) 4.25(1.77) 2.024 (.043)
Session 2 2.50 (1.51) 4.67 (0.65) 2.971 (.003) 3.00 (1.91) 5.33(1.07) 2.701 (.007)
Sessoin 3 2.75(1.77) 5.25(1.36) 2.947 (.003) 3.25(2.09) 5.50 (1.24) 2.8321 (.005)
All 3 sessions 2.58 (1.52) 4.75(1.13) 4.716 (.000) 3.08 (1.84) 5.03 (1.46) 4.203 (.000)

Table 9 Pre- vs. post-session sub-task topic knowledge across sessions in two tasks (Mean(SD))

Dependent task Parallel task
Pre-session Post-session Pre-session Post-session
Session 1 2.50 (1.38) 4.33(1.16) 3.00 (1.65) 425 (1.77)
Session 2 2.50 (1.51) 4.67 (0.65) 3.00 (1.91) 5.33(1.07)
Session 3 2.75(1.77) 5.25(1.36) 3.25(2.09) 5.50 (1.24)
H(p) 0.11 (0.95) 5.03 (0.08) 0.06 (0.97) 3.95(0.14)

Table 10 GLM analysis of session and task effects on pre- and post-session sub-task knowledge

Pre-session sub-task knowledge F(p) Post-session sub-task knowledge F(p)
Session .166 (.847) 4.632 (.013)
Task 1.496 (.226) 886 (.350)
Session*task .000 (1.000) 540 (.585)

Table 11 Correlations between pre-task general knowledge, post-task general knowledge, and other variables

Pre-task knowledge Post-task knowledge
Both tasks DT PT Both tasks DT PT
Post-task knowledge 479* (018) 439 (.153) 571 (.053) - - -
Post-task difficulty -439% (.032) -.108 (.739) -.682% (.015) -.217 (.310) -.340 (.279) -.210 (.513)
Task success 335 (.109) 321 (.309) 377 (227) 674%% (.000) 694%* (012) 669* (.017)
Task satisfaction 318 (.130) 526 (.079) 290 (.360) J19%% (.000)  .804** (.002) 673% (017)

Table 12 Correlations between pre-session sub-task knowledge and other variables

Pre-session sub-task knowledge

Session 1 Session 2 Session 3 3 sessions combined
Both Both Both Both

tasks DT PT tasks DT PT tasks DT PT tasks DT PT
Sg;):i'gn 074 171 031 603%* .648* 578* S551%* 370 T16%* 380%* 354%* 381%*
knowledge (.731) (.595) (.923) (.002) (.023) (.049) (.005) (.236) (.009) (.001) (.034) (.022)
Sg;):i'gn -.175 -.062 -.285 -.181 -.094 -.285 -239 -.020 -.579* -.198 -.037 -.396*
difficulty (415)  (849)  (369) | (398) (771)  (369) | (261) (952)  (.049) | (095) (.828) (.017)

Sub-task -.148 -.027 -.283 000 -316 .198 289 .366 182 071 081 069
success (490)  (935) (373) | (1.00) (318) (.538) | (.171) (242)  (571) | (555) (631)  (.688)
Sub-task -.121 -.042 -.153 -.200 -.314 -.049 084 085 013 -051 -.056 -.040
satisfaction  (.574)  (.897)  (.636) | (348)  (320)  (.879) | (.695)  (794)  (969) | (668) (.746)  (816)

** correlation is significant at p<0.01 level (2-tailed); * correlation is significant at p< 0.05 level (2-tailed).
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4.3 Correlation between knowledge and other
variables

4.3.1 General task knowledge and other varia-
bles We also looked at the relations between
knowledge and other variables that represent us-
ers’ perceptions of task attributes and accom-
plishment. These included three aspects that were
elicited in the post-task questionnaires:

e Task difficulty: how difficulty was it to find
information users needed for the task.

e Task success: how successful users think
they were in gathering the information need-
ed for the task.

e Task satisfaction: how satisfied users were
with their reports submitted for the task.

As mentioned above, users’ knowledge of the
general task topic was elicited in each session,
however, the post-task difficulty, task success,
and task satisfaction were elicited only once in
the experiment, at the end of the 3™ session. It
would be most reasonable to focus on the pre-
session task knowledge in session 1 (could also
be called the pre-task knowledge), and the post-
session task knowledge at the end of session 3
(could also be called the post-task knowledge),
and look at their relationships with other varia-
bles.

As can be seen from Table 11, users’ pre-
and post-task knowledge had a positive correla-
tion when both tasks were combined, and a bor-
derline positive correlation (p=.053) in the paral-
lel task, but no correlation in the dependent task.
This means that although in general (no task in-
formation provided) and in the parallel task, us-
ers’ post-task knowledge levels (being high or
low) could possibly be predicted from their pre-
task knowledge levels, this would be hard to do
in the dependent task.

Pre-task knowledge was found to negatively
correlate with post-task difficulty (when both
tasks were combined, and in the parallel task),
but not with other variables. It is reasonable to
think that the more knowledge users had with
their tasks before working with them, the less
difficult they found their tasks were. Meanwhile,
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one can notice that this happened in general
(both tasks combined) and in the parallel task,
but not in the dependent task. Again, this seems
to indicate that the users’ perception of the diffi-
culty of the dependent task, just as users’
knowledge after working with the task, could not
be easily predicted by the wusers’ baseline
knowledge level of the task.

On the other hand, post-task knowledge was
found to be correlated positively with task suc-
cess (when both tasks were combined, and in
both individual tasks) and positively with task
accomplishment (when both tasks combined, and
in both individual tasks). It seems reasonable that
if users had higher levels of knowledge after
their tasks, they would also feel they were more
successful in gathering information for the task,
and were more satisfied with their task reports.
Meanwhile, one wants to note that the post-task
knowledge was not correlated with the post-
session assessment of task difficulty.

4.3.2 Sub-task knowledge and other variables
As we did for the general task knowledge, we
also looked at the relationships between the pre-
and the post-session sub-task knowledge levels
and other variables that were elicited through
questionnaires, including:

* Sub-task difficulty: how difficulty was it to
find information users needed for the sub-
task.

* Sub-task success: how successful users think
they were in gathering the information need-
ed for the sub-task.

* Sub-task satisfaction: how satisfied users
were with their reports submitted for the sub-
task.

Results (Table 12) show that users’ pre- and
post-session sub-task knowledge did not corre-
late in session 1, but they positively correlated in
session 2 and 3, and when all 3 sessions com-
bined, except for in the dependent task in session
3. These means that in the beginning session, us-
ers’ knowledge level of the sub-task after work-
ing with it was not likely to be predicted by their
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Table 13 Correlations between post-session sub-task knowledge and other variables

Post-session sub-task knowledge

Session 1 Session 2 Session 3 3 sessions combined
Both Both Both Both

tasks DT PT tasks DT PT tasks DT PT tasks bT PT
Sg;)ssi'gn -.237 -.246 -.307 -.293 -.348 -.084 -488* -483 -.614% | -317%* -.284 -408*
difficulty (264)  (442)  (332) | (165) (267) (794) | (016) (111)  (030) | (007) (094) (014)
Sub-task 043 -.296 397 343 -.070 614%* 616%* 676%* 526 338%* .169 533%:*
success (843)  (350) (201) | (.101)  (830)  (.034) | (001) (016) (079) | (004) (324) (.001)
Sub-task 019 -.151 134 091 -.132 439 372 330 464 219 069 382%*
satisfaction (.929) (.640) (.678) (.671) (.682) (.154) (.074) (.295) (.128) (.064) (.688) (.021)

** correlation is significant at p<0.01 level (2-tailed); * correlation is significant at p< 0.05 level (2-tailed).

baseline knowledge with the sub-task, but in later
sessions, the post-session knowledge levels were
likely to be predicted by the pre-session one.
Note that these results did not necessarily con-
flict with the above-reported results that users’
pre- and post-session knowledge with sub-tasks
across 3 sessions did not have differences. One
possible explanation could be that users were
getting familiar with the general task and the
format of the subtasks in later sessions, so that
their post-session knowledge was in alignment
with their baseline knowledge levels: those with
higher baseline sub-task knowledge also had
higher post-session knowledge, and vice versa.
Table 12 indicates that pre-session sub-task
knowledge level was not correlated with other
variables, except for being negatively correlated
with sub-task difficulty in the parallel task in ses-
sion 3 and in all 3 sessions combined. Results on
the relationship between post-session knowledge
and other variables (Table 13) show that post-
session sub-task knowledge level correlate nega-
tively with post-session difficulty in session 3
(both tasks combined and in the parallel task)
and when 3 sessions are combined (both tasks),
positively with sub-task success in session 2 (in
the parallel task), session 3 (both tasks combined
and the dependent task), and 3 sessions com-
bined (both tasks combined and the parallel task),
positively with sub-task satisfaction when 3 ses-
sions combined (in the parallel task). No correla-
tion was found between post-session sub-task
knowledge and other variables in session 1. This
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was consistent with the findings for the pre-
session sub-task knowledge.

4.4 Knowledge change

4.4.1 General task knowledge change There
were two ways in this study to measure users’
knowledge change. One was a direct measure: at
the end of the 3" session, participants were asked
to self-rate, on a 7-point scale, how much they
had learned on the general task in the whole pro-
cess of the experiment. We call this the perceived
knowledge change. Examination of the data
showed that users’ perceived knowledge change
in the dependent task varied between scores 5
and 7, with a mean of 5.75 and an SD of 0.87.
Users’ perceived knowledge change in the paral-
lel task varied between 4 and 7, with a mean of
542 and an SD of 1.00. When both tasks were
combined, users’ perceived knowledge change
varied between 4 and 7, with a mean of 5.58 and
an SD of 0.93.

The other way to look at users’ knowledge
change was the absolute difference between us-
ers’ rating scores of the pre- and the post-session
general task topic familiarity ratings. We call this
the absolute knowledge change, calculated as
follows:

Absolute knowledge change =
post-session topic familiarity rating —
pre-session topic familiarity rating
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Examination of the data showed that users’ abso-
lute knowledge change in the dependent task var-
ied between scores 2 and 5, with a mean of 3.25
and an SD of 1.06, and that in the parallel task
varied between -1 and 4, with a mean of 2.25 and
an SD of 1.49. When both tasks were combined,
users’ absolute knowledge change varied be-
tween -1 and 5, with a mean of 2.75 and an SD
of 1.36.

While one may think that the above two vari-
ables were both measuring users’ knowledge
change and would correlate with each other, our
examination showed that they did not have statis-
tically significant correlation, either in individual
tasks, or when both tasks were considered to-
gether (Table 15). This suggests that care should
be taken when representing users’ knowledge
change using either one of these two ways.

4.4.2 Sub-task knowledge change In order to
avoid making users confused and spending too
much effort, our experiment did not ask the par-
ticipants to self-assess how much they had
learned on the sub-task after each session, as we
did for the general task knowledge. Therefore, in
this study, there was not a measure of perceived
knowledge change for the sub-tasks. However,
we did ask users how much knowledge they had
of the sub-tasks both before and after each ses-
sion, so we were able to compute users’ absolute
sub-task knowledge change, as we did for the
absolute general task knowledge.

Examination of the data shows that users’ ab-
solute sub-task knowledge change in the depend-
ent task varied between scores of -3 to 6, with a
mean of 2.17 and an SD of 1.54. We noticed that
one user had lower post-session knowledge than
pre-session, and that this happened in session 1.
In the parallel task, the absolute sub-task
knowledge change scores varied between -5 to 35,
with a mean of 1.94 and an SD of 1.87. Again,
one user had lower post-session knowledge than
pre-session, and this also happened in session 1.
When both tasks were combined, user ratings
varied between -1 to 6, with a mean of 2.06 and
an SD of 1.70.
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4.5 Relation between knowledge change and
other variables

4.5.1 General task knowledge change and other
variables We further examined the correlations
between perceived knowledge change, absolute
knowledge change, and other variables that were
elicited in the questionnaires. Results (Table 14)
show that while absolute knowledge change and
perceived knowledge change were not correlated
with each other (as stated in the previous sub-
section), they were correlated with different sets
of other variables.

Specifically, perceived knowledge change
was found to correlate positively with pre-task
knowledge (in the dependent task), positively
with post-task knowledge (in both tasks com-
bined, and in individual tasks), positively with
task success (in both tasks combined, and in the
parallel task), and positively with task satisfac-
tion (in both tasks combined, and in individual
tasks). On the other hand, absolute knowledge
change was only found to correlate negatively
with pre-task knowledge (in both tasks combined,
and in individual tasks), and positively with post-
task difficulty (in the parallel task).

These results demonstrate that the perceived
knowledge change, which was a retrospective
estimate of one’s knowledge gain after the task,
mostly had correlations with variables that were
elicited after the task was completed. The higher
the self-rated post-task knowledge was, the high-
er the perceived knowledge change. Also, the
more success users had and the more satisfied
they were with the task, the higher the perceived
knowledge change. Surprisingly, users’ post-task
difficulty in either task, or when both tasks were
combined, did not show significant correlation
with their perceived knowledge change. This in-
dicates that users’ assessment of the task difficul-
ty was not necessarily affected by how much
they felt they had learned.

On the other hand, the absolute knowledge
change, which was the difference between the
pre- and the post-task knowledge ratings, was
mainly correlated with the pre-task knowledge
ratings. It seems reasonable that the higher the
pre-task knowledge level, the less the knowledge



KNOWLEDGE CHANGE IN TASK COMPLETION | LIU, J., BELKIN, N.J., ZHANG, X., and YUAN, X.

Table 14 Correlations of perceived knowledge change, absolute knowledge change, and other variables

Perceived knowledge change

Absolute knowledge change

Both tasks DT PT Both tasks DT PT
Absolute knowledge change .362 (.082) -.025(.939) 538 (.071) --- --- ---
Pre-task knowledge 201 (.345) 6857 (.014) 059 (.855) -7527(.000)  -.6427 (024)  -.7657 (004)
Post-task knowledge 7797 (.000) 7877 (.002) 7777 (.003) 219 (.303) 407 (.190) 092 (.776)
Post-task difficulty .000 (1.00) -.100 (.757) -.042 (.896) 325 (.121) -.181 (.574) 663" (.019)
Task success 5027 (.013) 373 (232) 6217 (.031) 134 (.532) 265 (.405) 067 (.836)
Task satisfaction 6197 (.001) 6327 (.028) 612" (.035) 187 (.381) 150 (.641) 176 (.585)

** correlation is significant at p<0.01 level (2-tailed).
* correlation is significant at p<0.05 level (2-tailed).

Table 15 Correlations between absolute sub-task knowledge change and other variables

Absolute sub-task knowledge change

Session 1 Session 2 Session 3 3-sessions combined
Both Both Both Both
tasks DT PT tasks DT PT tasks DT PT tasks DT PT
Pre-session  -.694" -7217 -6717 | -8377 -910™ -827" | -749" -708" -8117 | -704™ -7277 -.689”
knowledge  (.000) (.008) (017) (.000) (.000) (.001) (.000) (.010) (.001) (.000) (.000) (.000)
sgsssit)-n 667 559 720" -.069 -273 -018 .140 394 -.172 389 386" 409
knowledge (.000) (.059) (.008) (.750) (.391) (.955) (514) (.205) (.592) (.001) (.020) (.013)
sgsssit)-n -.041 -.121 -.030 025 -071 291 -.104 -.348 294 -.046 -171 071
difficulty (.850) (.708) (.927) (.907) (.826) (.359) (.628) (.267) (.354) (.702) (.318) (.680)
Sub-task 141 -.186 491 235 361 181 147 152 183 189 044 350"
success (.510) (.563) (.105) (.269) (.249) (.572) (.494) (.636) (.568) (.112) (.798) (.037)
Sub-task 104 -071 205 313 325 363 195 167 371 219 .106 339"
satisfaction  (.628) (.827) (.522) (.136) (.303) (.246) (.361) (.603) (.235) (.064) (.538) (.043)

** correlation is significant at p<0.01 level (2-tailed); * correlation is significant at p< 0.05 level (2-tailed).

change was, and vice versa. In addition, in the
parallel task, users’ knowledge change was found
to be positively correlated with post-task difficul-
ty. Those users in the parallel task who rated it
more difficult had more differences between
their ratings for their knowledge levels before
and after the task, but they did not think that they
had learned more (no correlation between post-
task difficulty and perceived knowledge change).

4.5.2 Sub-task knowledge change and other
variables Table 15 displays the correlations be-
tween users’ absolute sub-task knowledge
change and other variables in both tasks com-
bined and in individual tasks, in each session, as
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well as in the 3 sessions combined. Results show
that users’ absolute sub-task knowledge change
was negatively correlated with pre-session sub-
task knowledge level, and this was true in all ses-
sions and in both tasks. It was also found that this
knowledge was positively correlated with post-
session sub-task knowledge when all 3 sessions
were combined (both tasks combined, and in in-
dividual tasks), and in session 1 (both tasks com-
bined and the parallel task). In addition, users’
absolute sub-task knowledge change was posi-
tively correlated with task success and task satis-
faction in the parallel task when 3-sessions were
combined, and positively correlated with pre-task
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difficulty in session 2 when both tasks were
combined.

In general, these findings were consistent
with those for the general task knowledge change
as shown in Table 14. Users’ absolute knowledge
change for sub-tasks was mainly correlated, neg-
atively, with pre-session sub-task knowledge.
The greater the users’ pre-session sub-task
knowledge, the less their absolute knowledge
changed. In the cases when absolute knowledge
change was correlated with post-session sub-task
knowledge, the correlation was positive, meaning
that the greater the users’ post-session sub-task
knowledge, the greater their changes. In a few
cases, users’ absolute knowledge change was
positively correlated with users’ post-session as-
sessment of their task success and task satisfac-
tion. This did not happen much, which was in
alignment with the similar findings for the abso-
lute knowledge change for the general task, as
reported in Table 14.

5. DISCUSSION

5.1 Knowledge increase and the ceiling effect

It makes intuitive sense that users gained
knowledge on a task after searching for infor-
mation and working on it. Our results demon-
strate that in general, users’ knowledge of the
general tasks and that of the sub-tasks increased
after a task session. However, there were excep-
tions. For the general task, in session 3, users did
not show significantly greater knowledge after
the session than before. This indicates that users
may have reached a plateau in their knowledge
of the general task after two sessions’ working
on it. A closer look at individual tasks found that
this did not happen in the dependent task, but it
did in the parallel task, in session 3, as well as
session 1. In session 3, users even showed de-
scriptively equal levels of knowledge before and
after the session. One can see that users’ general
knowledge in the parallel task was relatively high
in session 3, with a mean rating score of 5.42 on
a 7-point scale. Again, the possible explanation
could be that users could have gained a high
enough level of knowledge on the parallel task
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after two sessions’ work, although not on the de-
pendent task. With regard to the case in session 1,
one can notice that users showed a pre-session
knowledge level that was not very low, with a
mean of 3.17 (in comparison, users’ pre-session
knowledge in the dependent task was only 2.33).
This could possibly lead to a no-significant dif-
ference with their post-session knowledge level,
which did not turn out to be very high (a mean
score of 4.33).

These findings seem to indicate that in gen-
eral, users gained knowledge after a working ses-
sion, but if they had relatively high levels of
baseline knowledge, they may not achieve signif-
icantly higher levels of knowledge afterwards.
This has implications for information retrieval
task design in that tasks in research studies
should be designed to avoid the ceiling effect,
especially when examining the effects of user
knowledge.

Following these findings, it would be inter-
esting to explore the relationship between this
no-change in self-assessed pre- and post-session
knowledge levels and users’ interaction with sys-
tems, and see what systems could do to help us-
ers gain more knowledge, or better accomplish
their tasks, even though they did not think they
had gained knowledge, or when they already had
relatively high levels of knowledge. These will
be done in future studies.

5.2 Knowledge and user perceptions of task
attributes and accomplishment

Our results show that knowledge was correlated
with a number of user perceptions of task attrib-
utes. There was a tendency that pre-session/task
knowledge was correlated with users’ perception
of task difficulty, and post-session/task
knowledge was correlated with users’ perceived
task success and task satisfaction, although there
were exceptions.

Specifically, pre-task knowledge with the
general task and with post-task difficulty showed
a negative correlation in the parallel task and in
both tasks combined, but not in the dependent
task. Pre-session sub-task knowledge and post-
session difficulty had a negative correlation only
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in the parallel task in session 3, or when three
sessions were combined. Such a correlation be-
tween baseline knowledge and task difficulty as-
sessment could help systems to predict how dif-
ficult a task would be to users given their
knowledge level, and accordingly the system
could provide assistance to the users, especially
those with lower levels of knowledge. Mean-
while, further exploration is needed to address
why this did not happen in the dependent task.

On the other hand, post-task knowledge with
the general task was found to be correlated with
users’ task success and task satisfaction. This
indicates a general tendency that if users had
higher degrees of knowledge after the general
task, they were likely to have more success and
satisfaction with the tasks. As for the post-
session sub-task knowledge, although the same
relationship was not found in early sessions, it
did happen in later sessions and when 3 sessions
were combined. We also noticed that in later ses-
sions, users’ post-session sub-task knowledge
tended to be higher, at least descriptively. So it
appears that when users’ knowledge levels
reached a certain degree, they would feel more
success and satisfaction with their tasks. This
seems to support the idea that search systems
should try to assist users gaining more
knowledge in order for them to have higher de-
grees of task success and satisfaction.

5.3 Pre- vs. post-session/task topic knowledge

It was found that users’ pre- and post-
session/task knowledge had correlations in some
but not all cases. Specifically, users’ pre- and
post-general task knowledge had a significant
correlation with each other when both tasks were
combined and a nearly significant correlation in
the parallel task, but it was not true in the de-
pendent task. A correlation was also found be-
tween the pre- and the post-session sub-task
knowledge in all situations except for in session
1 and in the dependent task in session 3. Further
exploration will be conducted to look into the
exceptions, from aspects such as users’ behaviors,
about why there was no correlation. The ex-
pected findings are hoped to be helpful for sys-
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tem design, in the sense that for those users with
lower levels of baseline knowledge, systems
could help them gain knowledge to be compara-
ble to users with higher levels of baseline
knowledge.

5.4 General vs. sub-task topic knowledge

It is clearly shown in our results that in multi-
session tasks, users’ knowledge of the general
tasks and that of the sub-tasks in individual ses-
sions are different variables with different pat-
terns across sessions. Our results show that users’
pre-session knowledge of the general task in-
creased along sessions, indicating that in the be-
ginning of later sessions, they retained
knowledge that was gained in previous sessions.
However, users' pre-session knowledge of the
sub-tasks did not have differences in different
sessions, demonstrating that they had the same
levels of baseline knowledge on each sub-task.
Meanwhile, users’ knowledge of the sub-tasks
increased after each session, however, that of the
general tasks could stay unimproved if the users
had reached a high enough level of knowledge. A
search system may not always help increase us-
ers’ general task knowledge in their multi-
session search tasks, but it still could help in-
crease their sub-task knowledge.

Our results also demonstrate that in some
cases, the patterns of wusers’ general task
knowledge and that of users’ sub-task knowledge
were the same. For instance, the relationships
between users’ knowledge and task difficulty,
task success, task satisfaction, as well as those
between users’ knowledge change and other var-
iables were similar. This indicates that general
task knowledge could possibly be attributed to
sub-task topic knowledge that was at a more de-
tailed/specific level. Accordingly, search systems
doing a better job in increasing users’ knowledge
in their sub-tasks could possibly do a better job
in their overall tasks, which would hopefully lead
to users’ greater success and satisfaction with
their tasks.

5.5 Perceived vs. absolute knowledge change
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While users’ perceived knowledge change and
the absolute knowledge change seemed to both
measure users’ knowledge change, they were
found not to correlate with each other. In addi-
tion, the perceived and the absolute knowledge
change were found to correlate with different sets
of other variables that were elicited before and
after sessions.

As one would imagine, the perceived
knowledge change, which was elicited after task
sessions, was usually normally correlated with
users’ perceptions on the task, e.g., success, sat-
isfaction, that were also elicited after the session.
Meanwhile, the absolute knowledge change was
found to mainly correlate with pre-task
knowledge ratings. One may want to note the
differences between this finding and that of Cole
et al. (2010), which found that users’ self-rated
knowledge level are correlated with their
knowledge level elicited by their familiarity with
the thesaurus terms. While the direct rating of
one’s knowledge could possibly represent their
knowledge level, the direct rating of one’s
knowledge change after a task was not correlated
with the change in their knowledge ratings before
and after tasks. Care should be taken in repre-
senting how much the users learned or how much
their knowledge changed.

5.5 The effect of task type

There were several aspects where we can see
task type showed effects on knowledge, or in
other words, differences were shown in different
task types. The above discussion has addressed
the points that task type affected the relationships
between users’ knowledge level and their percep-
tions with task difficulty, task success, and task
satisfaction, as well as the relationships between
knowledge change with users’ perceptions on
those factors.

In addition, results show that users’ baseline
knowledge of the general tasks showed differ-
ences in different tasks. Specifically, those work-
ing on the parallel task had significantly higher
pre-session general task knowledge ratings than
those on the dependent task. However, the post-
session general task knowledge of users working
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on the two tasks did not have differences. It
would be interesting to examine in future studies
users’ search behaviors in both tasks, and explore
how and why they ended up with equal levels of
knowledge despite of the differences in their
baseline knowledge.

The task type in the current study focused on
one task attribute dimension of task structure.
Our future studies will look at more task types
that vary along other dimensions, for example,
tasks with different levels of difficulty and com-
plexity, factual vs. intellectual tasks, etc., to ex-
amine the effect of task type on knowledge and
knowledge change in information tasks.

6. CONCLUSIONS

We found in our study that users’ knowledge
generally increased after sessions, but there were
exceptions in which a “ceiling” effect was shown.
Knowledge was found to correlate with users’
perception of task attributes and accomplishment:
pre-session/task knowledge was correlated with
users’ perception of task difficulty, and post-
session/task knowledge was correlated with users’
perceived task success and task satisfaction, alt-
hough there were exceptions. Although having
different changing patterns across sessions, some
attributes of the general task knowledge could
possibly be attributed to those of the sub-task
knowledge. We also found that users’ perceived
knowledge change and their absolute knowledge
change were not correlated with each other. In
addition, task type was found to affect several
aspects of knowledge levels and knowledge
change.

These findings help us understand infor-
mation searchers’ knowledge change and are also
beneficial for information retrieval research and
system design. For example, in designing
knowledge domain information visualization sys-
tems (e.g., CiteSpace*), a reliable prediction of
users’ knowledge levels and how their
knowledge changes in different situations could
help improve the effectiveness, efficiency and

4 http://cluster.cis.drexel.edu/~cchen/citespace/
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usability of the system. In designing personal-
ized or generic information systems, the accurate
prediction of users’ knowledge level and how it
changes in users’ different searching stages
would also assist designers to produce systems
that can provide better services for the current
users.

As any research, this study has its limitations.
First, the study used self-rated topic familiarity to
assess knowledge, which was mainly subjective.
One’s knowledge does not usually drop but at
times the self-evaluation of one’s knowledge
could. Future studies will employ other
knowledge assessment methods, such as test-
based measures, to assess user knowledge. Se-
cond, the study used only two tasks. Although
differing in task structure, they were both the
category of informational tasks (Kellar et al.,
2007) or intellectual tasks (Li & Belkin, 2008),
which restricts the generalizability of our find-
ings. Other task types, such as transactional (Kel-
lar et al., 2007), factual tasks (Li & Belkin, 2008),
or others as defined in that task classification
scheme, may also need to be examined for users’
knowledge changes in the search processes. The-
se will be conducted in future studies. Third, user
engagement is also another factor that may have
influenced users’ knowledge gain or retention.
Future studies will elicit users’ engagement lev-
els and examine if it has any effects.

Despite these limitations, our study has im-
portant findings on users’ knowledge change
during the task completion process, as well as on
the relationship between wusers’ knowledge
change and task attributes. The results are im-
portant in confirming some assumptions about
knowledge increase during search and task per-
formance that have been assumed by many re-
searchers, and contributes to understanding how
users’ knowledge level influences search behav-
ior.
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