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Abstract

This study compared Pairs of students with Single students in Web search tasks. The underlying
hypothesis was that peer-to-peer collaboration encourages students to articulate their thoughts, which
in turn has a facilitative effect on the regulation of the search process as well as search outcomes. Both
hypotheses were supported by the results. Pairs located the target information more often and in less
time than Singles did. Pairs also employed a richer repertoire of search strategies and were more
proficient in monitoring and evaluating their search behavior. Implications of these findings for

practice and further research are discussed.
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Introduction

About thirty years ago, information seeking was a specialism and librarians could call themselves
information specialists for a reason. People in need of specific information generally consulted a
librarian who had access to various information retrieval systems and was able to reveal its contents by
developing sophisticated queries. The librarian would sit down with the information seeker to identify
his/her information needs. Taylor (1968) classified this pre-search interview as a negotiation process
in which the information specialist works with the inquirer back to his/her information needs and then
translates these needs into a useful search strategy.

Nowadays most public and research library catalogues are available online, and the Internet
hosts tons of information that is readily accessible to the general public. Internet technology has also
found its way into schools where, among other things, the Web is being used as an arena for students
to obtain information. Asking students to collect their own learning materials is consistent with
contemporary notions of learning that advocate knowledge building through constructive, self-directed
activities. The Web is therefore considered a potentially powerful means to mediate this new form of
learning.

The advantages of online public access notwithstanding, most students are unlikely to locate
information efficiently and effectively. One reason is that the Web suffers from a lack of indexing
conventions. Controlled vocabularies, thesaurus classifications, and human indexing are uncommon
for Web search engines. More importantly, the Web opens up so much information that designated
skills to manage the information-flow are called for. Students generally lack these self-regulatory
skills, which caused about half of the high school freshmen from various European countries to
consider themselves incapable of searching the Web efficiently and effectively (Pelgrum, 1999; Ten
Brummelhuis and Slotman, 2000). In-depth studies by Branch (2001) and Lazonder (2000) showed
that teenagers are largely unable to select appropriate search strategies (planning), check their progress
(monitoring) and assess the relevance of search outcomes (evaluating).

Improving searchers’ abilities to self-regulate seems called for, especially because such
regulatory skills are the key to successful Web searching. Yet there is little research on effective Web-

searching instruction. Colaric (2003) examined three instructional treatments to aid searchers in
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developing queries (ie, planning). The results were equivocal. Undergraduate students receiving
worked examples yielded superior syntactic knowledge than students in the two conceptual model
conditions. That is, students in the worked-example condition were more proficient in structuring a
search query using terminology a search engine can interpret correctly. In contrast, conceptual model
instruction was the most effective method for increasing the students’ declarative understanding of
how a search engine works.

Lazonder (2001) compared the instructional efficacy of two versions of self-regulatory skill
instruction to a control group. His instruction was more comprehensive than Colaric’s in that it taught
students to plan, monitor, and evaluate a search. Results indicated that students from both self-
regulatory skill groups needed about 25% more practice time than students in the control group (who
were merely taught procedural skills to operate the search engine). However, self-regulatory skill
instruction did not enhance search performance on test tasks. A possible explanation for this finding is
that students had developed the self-regulatory skills during practice, but failed to recognize when the
acquired skills should be applied on the test tasks.

The work reported here explored whether collaboration might help overcome this inert
knowledge problem. The basic assumption is that experienced Web users have at least some
understanding of the self-regulatory skills entailed in efficient Web searching. The presence of an
equally knowledgeable peer might encourage these users to articulate their thoughts. Such
verbalizations might have a positive impact on problem solving by supporting a variety of self-
regulating functions (Teasley, 1995). That is, peer interaction is assumed to incite users to negotiate
the suitability of search strategies and the relevance of search outcomes. Another alleged advantage of
collaborative information seeking is the opportunity for users to critically observe and monitor each
other’s actions, which may facilitate early detection and correction of errors. Additionally, higher
levels of self-regulation are assumed to be associated with better search outcomes.

Research on collaborative Web searching has recently begun to emerge. Some studies have
focused on peripheral issues such as the roles individuals can adopt in collaborative information
seeking (Prekop, 2002), attitude changes in intergenerational collaboration (Caskey, 2003), and gender

differences in group-based information seeking (Large et al, 2002). Another line of research is
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directed towards designing interfaces and support tools to foster collaborative information seeking
activities (Chau et al, 2003; Druin et al, 2003; Twidale and Nichols, 1998). Yet none of these studies
report how groups of users (as opposed to individuals) organize and perform their search process, nor
do they provide empirical evidence on the alleged advantages of collaborative Web searching.

Evidence on the effects of collaboration on task outcomes can be gleaned from research in
other domains. Collaboration has been used successfully to promote learning across a range of
curriculum areas including mathematics, science, reading and language arts. Its benefits appear to be
relatively independent of group size, student age and ability. The magnitude of these effects was
shown in meta-analytical studies comparing collaborative learning with whole-class instruction or
individual learning (eg, Cohen, 1994; Lou et al, 2001). These studies report substantial facilitative
effects of collaborative learning on both group task performance and achievement on individual
posttests. Zimbardo et al (2003) further demonstrated that these findings extend to collaborative test
taking. Students who prepared for a test individually performed significantly better when they took
that test with a fellow student than on their own. This result is relevant to Web searching as teachers
generally require students to utilize existing search expertise to find information on the Web. Practical
constraints such as the availability of computers further necessitate teachers to let students perform
these searches collaboratively.

Very few studies have investigated whether collaboration promotes self-regulation. To
illustrate, in Lou et al’s (2001) meta-analysis on the effects of small-group learning with technology,
only 3 of the 122 studies addressed the use of self-regulating strategies. Although the results indicated
that collaboration yielded higher frequency of using appropriate strategies, the nature of these
strategies remains unknown. Fleming and Alexander (2001) give a more detailed account of the
benefits of collaboration. They studied fourth-graders’ strategy use during memory tasks and found
that triads used more sophisticated strategies and were more aware of the usefulness of these strategies
than did children who worked individually. Despite these favorable results, several properties of this
study constrain its generalization. These include the nature of the target audience, the experimental

task and the use of question prompts to promote children’s’ understanding and application of
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appropriate strategies. Consequently, there is no guarantee from Fleming and Alexander’s study that
collaboration will foster adolescents’ self-regulation during Web searching.

Research supports the assumption that self-regulation improves academic achievement.
Schauble et al (1991) found that higher levels of planning lead to higher achievement. Schraw (1994)
reported similar effects for monitoring and evaluating. Other studies have found that self-regulation is
a relatively general process that operates in the same fashion across different domains (eg, Veenman et
al, 1997). Together these findings substantiate that planning, monitoring and evaluating can increase
achievement on Web search tasks. However, as these studies were conducted on individual students,
further research is needed to show whether their findings generalize to collaborative Web searching.

In summary, the cited studies strongly suggest that both collaboration and self-regulation
improve search outcomes. While it seems plausible that the benefits of collaboration are at least in part
attributable to higher levels of self-regulation, there is insufficient evidence to substantiate this claim.
The present study therefore explored whether collaboration stimulates self-regulatory activities in
students searching for information on the Web. It sought to answer this question by comparing pairs of
students with individual students in Web search tasks. Pairs were expected to perform these tasks
faster and better than single students. Pairs were also expected to show relatively higher proportions of

self-regulatory activities such as planning, monitoring, and evaluating.

Method

Participants

Participants were first-year students in social sciences from a Dutch university. There were 9 men and
16 women with a mean age of 20 years (SD=1.99). Students could participate in the study as part of a
self-chosen dyad or on an individual basis, leading to 9 Pairs and 7 Singles. Six of these Pairs were
same-gender couples. Preliminary checks revealed no within-pair differences based on computer

experience and Web searching experience.

Materials
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A background questionnaire determined the participants’ gender, age, computer experience and hours
per week spent searching the Web. The Motivated Strategies for Learning Questionnaire (MSLQ)
assessed different facets of self-regulation, including self-efficacy, task value, test anxiety, cognitive
strategies, and metacognitive strategies (Pintrich et al, 1993). The MSLQ was preferred over other
self-report questionnaires because its 53 items can be tailored to specific situations or content areas.
Participants judged each item on a Likert scale that ranged from 1 (not at all true of me) to 7 (very true
of me). All scales demonstrated satisfactory psychometric properties with internal consistency
reliabilities in excess of 0.79.

Six fact-finding search tasks assessed the participants’ Web searching abilities (see Table 1).
To preclude possible interfering effects of domain expertise, search tasks addressed a variety of topics.
All searches were conducted using Internet Explorer 6 to access the Google search engine. Google was
chosen because it is the predominant search engine among undergraduate students. Search outcomes
were written down in an MsWord file. Computers were equipped with a registration program that

captured the action from screen and saved it in an AVI movie file.

Insert Table 1 about here

Procedure

Pairs and Singles participated in the experiment one at a time, receiving the same instructions and
following the same experimental procedures. All sessions took place in a quiet room equipped with
one computer. One week prior to attending their session, students completed the background and
MSLQ questionnaires. At the beginning of a session the experimenter introduced participants to the
experimental procedures. Participants were then given the first search task, using a counterbalanced
administration to anticipate order effects. Participants were allowed 15 minutes maximum to complete
this task. If participants completed the task ahead of time, they called the experimenter to receive the
second task. If participants exceeded the time limit, the experimenter interrupted task performance and
handed out the second task. The other search tasks were administered similarly. Participants were not

allowed to return to a previous task during the experiment.



Collaborative Web searching

Design and analyses

The study used a between-subjects design with collaboration (Pair, Single) as the independent variable
and search outcomes and regulation of search performance as dependent variables. Search outcomes
was indicated by performance success and time. Performance success was the number of successfully
completed search tasks; time was defined as the mean time for completed tasks.

Three measures were taken to assess regulation of search performance. These measures
concerned planning, monitoring and evaluation, and were computed for completed tasks only.
Planning was indicated by the number of times a new search strategy was adopted or an existing
strategy was modified. Changing from entering a URL to a keyword search would be an example of
adopting a new strategy. When keywords were changed or added but the strategy itself remained
intact, this was scored as strategy modification. Monitoring was scored as (1) the proportion of
relevant Web sites accessed through the search engine’s hit list, (2) the proportion of correct initial
answers derived from the target site, and (3) the proportion of incorrect initial answers taken from the
target site. Evaluation was defined by (1) the proportion of initial answers that were checked, and (2)
the number of times an initially incorrect answer was modified. Checking concerned returning to the
same Web page to verify the answer; modifying involved making adjustments to the initial answer
based on a culmination of searches.

Given the small sample size, Kolmogorov-Smirnov tests were performed to test the normality
assumption. Levene’s tests were used to check the homogeneity of variances among cell groups for all
dependent variables. In case of homogeneity, univariate ANOVA’s were used to examine the effect of
collaboration on that variable. Variables with unequal variances were analyzed by means of t tests
with separate variance estimates. Pearson correlations were computed to examine the relationship

between search outcomes and search performance.

Results
Preliminary analyses were performed to determine whether Pairs and Singles were comparable in

terms of computer experience, Web searching experience, and self-regulation. The majority of the
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participants (54%) spent more than 10 hours per week working with computers and searching the
Web. The least experienced students used computers and the Internet for 2 to 5 hours per week. Chi
square tests indicated that participants with varying levels of computer experience (x*(2)=0.11,
p=0.95) and Web searching experience (y*(2)=0.37, p=0.83) were proportionally distributed over
experimental conditions. Likewise, no differences were observed between Pairs and Singles

concerning their level of self-regulation (see Table 2)

Insert Table 2 about here

Table 3 summarizes the statistics for search outcomes. Pairs produced significantly higher
performance success scores, indicating that they successfully completed more tasks than Singles did.

Pairs also needed significantly less time to complete a task.

Insert Table 3 about here

Search performance was studied to examine the presence of self-regulatory activities in Pairs
and Singles’ search behavior. As shown in Table 4, Pairs demonstrated a richer repertoire of search
strategies, starting a new approach more than once per task. For singles, this measure was significantly
lower. No differences were found with regard to the number of modifications, indicating that Pairs and
Singles just as often adapted an existing strategy.

In regards to monitoring, Pairs and Singles were equally proficient in judging the relevance of
Websites from the search engines hit list. There is however reason to believe that Pairs were better at
judging information within sites. When on the target site, Pairs tended to locate the target information
more often than Singles did. Furthermore, Singles showed significantly higher proportions of incorrect
initial answers: on 22.6% of the occasions they derived an incorrect initial answer from the target site.

Scores for evaluation also differed in favor of the Pairs. They checked their initial answer

more often than Singles did, and almost twice as often tried to correct initially erroneous answers. Yet
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neither difference was supported by standard measures of statistical significance, which is probably

due to the high variability of scores.

Insert Table 4 about here

Table 5 shows the relationships between search performance and search outcomes. The mean
time to complete search tasks was relatively independent of measures indicating regulation of search
performance. There was however a significant negative correlation between time and the proportion of
initially correct answers, indicating that participants with higher proportions of initially correct
answers also needed less time to complete the search tasks. The proportion initially (in)correct
answers was also associated with performance success, and so were the proportions of checks and
corrections. Successful Pairs and Singles apparently had more initially correct answers, checked their

answers more often, and more often revised their answers.

Insert Table 5 about here

Discussion

This study examined the influence of collaboration on Web search behavior and search outcomes.
Pairs of students were expected to achieve superior search outcomes and their search behavior was
assumed to show higher proportions of self-regulatory activities.

The first hypothesis is clearly supported by the results. Pairs scored higher than Singles on
measures that relate to search outcomes. They were faster and produced a greater number of correct
responses to the tasks. These findings imply that Pairs search more efficiently: they need less time to
successfully complete a task.

The results largely confirm the second hypothesis that collaboration would affect the
regulation of search behavior. Pairs exhibited a richer repertoire of search strategies and were more

proficient in monitoring and evaluating their search behavior. Superior monitoring arose because Pairs

11



Collaborative Web searching

tended to be more proficient in locating the target information when it appeared on screen.
Conversely, Singles overlooked this information approximately 25% of the time, retrieving irrelevant
or partially irrelevant information from the target site instead. The results for evaluation also differed
in favor of the Pairs. They crosschecked initial answers more frequently and modified initially
incorrect responses more than twice as often. Although the latter findings are not supported by
standard measures of statistical significance, the direction of effect is supportive.

The observed differences in search outcomes can in part be explained by use of self-regulatory
skills. Correlational analyses revealed that higher success rates are associated with higher degrees of
monitoring and evaluating, and the occurrence rate of these activities differed in favor of the Pairs.
These correlations further imply that checks, and particularly corrections, have converted initially
incorrect answers into correct ones. Post hoc analyses support this contention: Pairs successfully
corrected 7 out of 19 initially erroneous answers, versus 2 out of 19 for Singles. Performance time and
regulation of search performance were unrelated, except for a significant negative correlation with
initially correct answers. Fast-performing students apparently locate the target information more
quickly, which is another indication that Pairs search more efficiently than Singles. It also proves that
performing self-regulatory skills does not necessarily increase the time on task.

These correlations may nevertheless give a somewhat skewed reflection of the relationship
between self-regulation and search outcomes. Checks and corrections can easily overshadow the
effects of other regulatory activities because they have an immediate effect on search outcomes. The
effects of conscious planning and careful monitoring can be wiped out in one fell swoop if students
change an initially correct answer to an incorrect one. Post hoc analyses substantiate this. Stepwise
multiple regression analysis revealed that the number of corrections accounts for 34% of the variance
in search outcomes. However, in forced entry multiple regression none of the self-regulatory activities
contribute to the variation in search outcomes.

These findings point out various directions for further research. First and foremost, this study
should be replicated. As its sample was relatively small, research using a larger, and therefore more

representative sample, is called for. These attempts might reveal additional benefits of collaboration:

12



Collaborative Web searching

small sample size research is sensitive to type Il errors, which means that there is a chance that true
effects do not show in statistical analyses.

Future research might also seek to deepen our understanding of the relation between
collaboration and self-regulation. One suggestion would be to examine qualitative differences in self-
regulation. The scores presented here show that Pairs outperform Singles. They also indicate which
regulatory activities account for these differences, but provide little insight into how exactly they were
put into practice. In-depth analyses might uncover how collaboration adds to the quality of self-
regulation and whether qualitative differences affect task outcomes.

It might be interesting from a didactical perspective to examine whether collaboration
promotes the development of self-regulatory skills. Although self-regulatory skills can be taught
through direct instruction, this approach seems inappropriate for technology-enhanced learning
environments (Lazonder, 2003). Implementing self-regulatory skills instruction through collaboration
could be a fruitful alternative since the presence of a fellow student provides a natural incentive to
self-regulate. Future studies should also examine whether gains derived by collaboration carry over to
individual performance. At some point students will presumably have to perform a task as individuals.
The instructional efficacy of collaboration thus hinges on the transferability of collaboratively
acquired self-regulatory skills to individual task performance.

While the exploratory nature of this study (and its sample size) does not allow for definitive
conclusions on the benefits of collaborative Web searching, the results suggest that undergraduate
students should work together when searching for information on the Web. As the effects of
collaboration generalize across age groups, it is probably fair to conclude that high school students too
can benefit from collaborative search efforts. This conclusion fits with the way the Web, or computers
in general are being used in many classrooms. Practical constraints such as the availability of
computers often leave teachers little choice but to embrace collaborative learning methods. This study

suggests that these teachers have made a virtue of necessity.
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Table 1: Search tasks used in the experiment

When was the first version of MS Windows released?

What extinct species is found in Alice in Wonderland?

There have been quite some attempts to circle the earth by hot air balloon. How many tries were

needed to become the first man to achieve solo circumnavigation of the earth in a hot air balloon?

For what reasons was the European Union established?

Most people know that indians live in tents. Inside and outside these tents certain traditions and
rules should be complied with. To illustrate, indians don’t want ‘direct’ help in taking down their

tent. Why is that so?

Find the current opinions of three major European countries on a possible war with Iraq.
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Table 2: Mean scores (and standard deviations) for level of self-regulation

Collaborative Web searching

Condition
Single Pair F(1,22) MSE
Self-efficacy 5.5(0.6) 4.9 (0.9) 2.24 0.76
Task value 6.1(0.9) 5.7(1.4) 0.68 1.58
Test anxiety 2.2(1.0) 2.8(1.1) 1.31 1.21
Cognitive strategies 4.2(1.2) 4.3 (0.5) 0.40° 0.48
Metacognitive strategies 5.5(0.8) 5.0(0.7) 1.90 0.54

Note. Analyses compared scores of individual participants from both conditions (n=25)

* t-test with separate variance estimate

18



Collaborative Web searching

Table 3: Mean scores (and standard deviations) for search outcomes

Condition
Single Pair F(1,14) MSE
Success 2.0 (1.0) 3.6 (1.0) 9.38%* 1.02
Time (min.) 6.4 (1.7) 43 (2.1) 4.78* 3.66

** p<.01 *p<.05
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Table 4: Mean scores (and standard deviations) for regulation of search performance

Condition

Single Pair F(1,14) MSE

Planning No. of new strategies 0.2 (0.4) 1.2 (0.6) 14.28** 0.26

No. of modifications 2.1(2.6) 1.4 (0.8) 0.53 3.28
Monitoring % relevant sites 90.2 (12.4) 84.3(12.4) 0.90 154.15
% correct initial answers' 41.2 (16.6) 59.8 (21.9) 3.48* 392.52

% incorrect initial answers' 22.6 (12.6) 1.9 (5.6) 19.78** 85.83
Evaluation % checks 27.1(23.6) 35.0(23.6) 0.44 557.04
No. of corrections 1.4 (1.5) 394.9) 1.67 14.94

" These scores do not add up to 100% because participants could also derive an incorrect answer from
an incorrect site

*p<.10 ** p<.01
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Table 5: Correlations between search outcomes and regulation of search performance

Search performance

Search outcomes

Success Time
Planning No. of new strategies 0.27 —0.06
No. of modifications -0.18 0.16
Monitoring % relevant sites -0.21 0.13
% correct initial answers 0.38* —0.43%**
% incorrect initial answers —0.34%* 0.26
Evaluation % checks 0.48%* 0.02
No. of corrections 0.62%** -0.17

*p<.10 ** p<.05 ***p<.01
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