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Abstract
Purpose – The purpose of this paper is to investigate when and how people working collaboratively could be
assisted in a fact-finding task, specifically focusing on team size and its effect on the outcomes of such a task.
This is a follow-up to a previously published study that examined exploratory search tasks.
Design/methodology/approach – This research investigates the effects of team size on fact-finding tasks
using a lab study involving 68 participants – 12 individuals, ten dyads, and 12 triads. The evaluation
framework developed in the preceding work is used to compare the findings with respect to the earlier
traditional exploratory task (Task 1) and the complex fact-finding task reported here (Task 2), with task type
being the only difference.
Findings – The analyses of the user study data show that while adding more people to an exploratory search
task could be beneficial in terms of efficiency and effectiveness, such findings do not apply in a complex
fact-finding task. Indeed, results showed that the individuals were more efficient and effective doing Task 2
than they were in Task 1. Moreover, they outperformed the dyads and triads in Task 2 with respect to these
two measures, which relate to the coverage of useful information and its relation to the expression of
information needs. If the total time taken by each team is disregarded, the dyads and triads did better than the
individuals in answering the fact-finding questions. But considering the time effect, this performance boost
does not keep up with the increased group size.
Originality/value – The findings shed light not only on when, how, and why certain collaborations become
successful, but also how team size affects specific aspects of information seeking, including information
exposure, information relevancy, information search, and performance. This has implications for system
designers, information managers, and educators. The presented work is novel in that it is the first empirical
work to show the difference in individual and collaborative work (by dyads and triads) between exploratory
and fact-finding tasks.
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1. Introduction
Working collaboratively could be beneficial in many situations that present an extremely
difficult or even impossible task for an individual. Many recent works have shown the
effectiveness of collaborative work in information-intensive tasks. Examples of such works
range from healthcare (Reddy and Jansen, 2008) and education to office work (Hansen and
Järvelin, 2005) and design (Olson et al., 1992). However, these works often ignore potential
downsides to collaboration. It may seem that most informational problems could be addressed
better with multiple people working together. The question is – when is it not true?
The current paper investigates this question with a user study designed with two
independent variables: task type (exploratory search and problem solving), and team size

(individuals, dyads, and triads). The experimental results point out clear differences in the
nature and outcomes of collaborations among the different team sizes with respect to
the two tasks.
The rest of the paper is organized as follows. In the next section, relevant works from the
literature concerning collaborative information seeking (CIS) and complex fact-finding tasks
with informational queries are reviewed. The need to identify conditions that call for CIS is
expressed and linked to the design of a new study described in the method section. This is
followed by a description of data and the results. The discussion section provides further
interpretations of the results, along with the limitations of this work. The paper concludes
with a summary of the findings and directions toward future research.
2. Background
This section serves two purposes: providing an overview of CIS, and summarizing the
evaluation framework used to investigate CIS within an exploratory search task, which is a
precursor to the more recent work reported in this paper.
2.1 CIS
While the argument that information seeking is a social activity that warrants support for
collaboration among information seekers is not new (Twidale et al., 1997; Morris, 2007),
recent years have seen a significant uptick in research and development related to CIS.
A brief review of CIS can be found in this study’s preceding article (Shah et al., 2015). A more
comprehensive review is provided by Shah (2014b).
Scholars have often argued that for CIS to be meaningful and successful, certain
conditions must exist. For examples, Shah (2008, 2014a) presented the following conditions
for a CIS project to succeed:
(1) the participants of a team possess different backgrounds and expertise;
(2) the participants have opportunities to explore information on their own without
being influenced by other team members, at least during a portion of the entire
information seeking process;
(3) the participants should be able to evaluate the discovered information without
always consulting others in the group; and
(4) there has to be a way to aggregate individual contributions to arrive at the collective
goal.
In other words, collaboration in information seeking activities is not always desired and/or
fruitful. The question is – where do we draw the line? González-Ibáñez, Haseki and Shah
(2012a) hypothesized that, as long as there are more aspects of a collaborative project than
there are collaborators in a synchronous collaboration, said project should benefit
from collaboration.
To answer the question and to test the hypothesis presented above, we did an
experimental study. This study is a follow-up of one we previously reported (Shah et al.,
2015). In the earlier work, we showed that for an exploratory search task with a
multi-faceted topic, two searchers are more successful than one, and three searchers are
more successful than two. In this follow-up study, we asked the same participants to work
on a different type of information seeking task focused on fact-finding with the same
collaborative conditions (individuals, dyads, and triads). Section 3 describes this new user
study. Before proceeding, we need to summarize how we previously measured various
quantities relating to information seeking, as we will use the same evaluation framework
here. This consistency allows us to compare CIS across different task types.
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2.2 Information search and fact-finding tasks
Since a major part of the work described here concerns with information search task types,
search behavior, task difficulty, types of web search queries, and fact-finding task types,
this section provides a background of how such tasks are used in studies related to
information seeking.
Different types of search tasks have been described in the literature. For example,
Marchionini (2006) identifies three major types of search activities, namely, lookup, learn,
and investigate. The former (lookup) is described as the “most basic kind of search task”
(p. 42) and it involves tasks such as fact retrieval, known item search, and navigation. On the
other hand, learn and investigate activities are associated to exploratory search, which are
often described as complex search tasks.
Some researchers have investigated differences among different types of search tasks.
For instance, Kellar et al. (2007) compared users’ behaviors in different types of tasks. In their
study, users were asked to classify themselves the different tasks they had to solve (i.e. fact
finding, information gathering, transactions, and browsing). In particular, fact-finding tasks
were characterized by their short duration, small number of pages visited, little use of browser
functions, and relatively long queries. In turning our attention to the fact-finding task, which is
the focus of the type of task used in the study described in this paper (in Section 3), the authors
defined it as “a task in which you are looking for specific facts or pieces of information. These
are usually short lived tasks that are completed over a single session because either you find
the answer or you do not. Examples include looking for tomorrow’s weather, a pizza dough
recipe, or printer drivers for your printer” (p. 10).
With a focus on fact-finding search tasks, Aula et al. (2010) conducted two studies – one
qualitative and the other quantitative – to investigate the effects of task difficulty on search
behaviors. The type of questions they used was similar to a Google-a-Day questions
(e.g. “You once heard that the Dave Matthews Band owns a studio in Virginia but you don’t
know the name of it. The studio is located outside of Charlottesville and it’s in the
mountains. What is the name of the studio? (difficult),” “I was watching the movie Stand by
Me the other day. I know it is based on a Stephen King story with a different name. What is
the name of the story? (easy)”. The authors found that when users experience more difficulty
in finding information, they end up using more diverse queries, advanced search operators,
and spending more time in pages. Unlike previous work by White and Drucker (2007), Aula
et al. (2010) found that even in well-defined search tasks such as fact finding, searchers can
behave as explorer and not necessarily as navigators.
In the taxonomy of web search as defined by Broder (2002), the type of web search
queries falls under informational, navigational, and transactional queries. In the case of the
multiple-step fact-finding task that is being addressed in this paper, informational queries
play a major role since in order to find the final answer to the task, the searchers have to
issue various queries that lead to finding information in a sequential manner. Further, since
the fact-finding task spans across multiple steps, the searchers might issue navigational
queries to go to specific webpages in order to find the final answer based on what they find
in the intermediate steps of their search.
In a study conducted by Bilal (2000), she extensively studied the search behaviors of
young students in fact-finding tasks. From her study, she concluded that the success level of
students achieving the task goals varied according to the task type and students were less
successful in fact-finding tasks as opposed to research tasks in finding relevant information.
González-Ibáñez and Shah (2014a) used the “A-Google-A-Day[1]” question bank for the
multiple-step fact-finding questions in their study of CIS and the effects of affective dimensions.
They argued that by using the same level of difficulty (level 2) from the “A-Google-A-Day”
questions, which corresponds to the ideal number of search steps required to find the answer to
each question, ensured that the users of the study were exposed to the same levels of perceived

difficulty, response precision, topic familiarity, and response time. In order to ensure that the
study was conducted in a controlled setting, the difficulty level of the questions (level 2) was
maintained in their study across experimental conditions.
In the area of information search, some of the key concepts that are being researched are
user intent in search, learning as part of search process, to name a few. Rieh et al. (2016)
provided an extensive review on the relationship between information search and learning
and also proposed the concept of “comprehensive search” in which a searcher goes beyond
receptive learning and moved in to more critical and constructive learning. Jansen et al. (2008)
presented an analysis of users’ intent in web search, which can be classified into informational,
navigational, and transactional intents. Through their analysis and classification system, they
concluded that more than 80 percent of the online web search queries were informational
queries that usually relate to finding some information about a certain topic. Based on this
finding, it can be seen that most of the searchers use online search as a medium to find
information about topics that are of interest to the, hence, user intent mining and providing
relevant and reliable information for web search queries have become important.
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2.3 Evaluation framework
In this paper, we will use an evaluation framework presented in Shah et al. (2015), although
the task at hand is different from the exploratory-type tasks that are used in the
aforementioned work. The main purpose of using such existing metrics and evaluations is
the ability to provide a comparative evaluation for CIS across different task types.
Following is a brief summary of various measures described in Shah et al.’s (2015)
evaluation framework. The reader is referred to Shah et al. (2015) for complete details.
Information exposure. As specified in Shah et al. (2015), the aspect of information
exposure refers to the amount and quality of information being discovered in the process of
online information searching. Since the mode of information searching in this paper focuses
on online web search, this aspect is mainly evaluated around the webpages being visited by
a user/team, as outlined in Table I.
Information relevancy. In addition to the amount of information being found, it is important
to identify the amount of relevant information gathered by user/teams to complete their task at
hand. The metrics used to evaluate the information relevancy are shown in Table II.
Information search. Information search attempts to capture the ways in which
information searchers seek information. In online web search, most of the information
searching occurs through search engine queries. Therefore, the metrics used to evaluate this
aspect consider search queries and direct query artefacts – such as search engine results
pages – as specified in Table III.
Search performance. In evaluating the overall success of a search process, traditional
metrics such as F-score that incorporate precision and recall can be considered important.
In addition, measures of effectiveness and efficiency in CIS as proposed by González-Ibáñez,
Shah and White (2012b) can be utilized, as shown in Table IV.
Evaluation measure

Acronym

Definition

Coverage

C(i)
U(i)

{p1, p2, …, pn}
pn is the distinct webpage visited by user/team
[ C ði Þ

UC(i)
LD( pn)
LD(i)

C(i)
by user/team (i)

 only visited
1  pn  =ðjU jÞ 
PjC ðiÞj
LDð pn Þ=C ðiÞ

Universe of distinct pages
Unique coverage
Likelihood of discovery for webpage ( pn)
Likelihood of discovery for user/team (i)

i

n¼1

Table I.
Evaluation metrics for
information exposure
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3. User study
Since we replicated the study described in Shah et al. (2015) here with the task being the only
difference, the reader is advised to refer to the original paper for the descriptions of the
participants, the experimental system Coagmento (González-Ibáñez and Shah, 2011), the
methods and tools for logging the data, and the other instruments and procedures used in
these experiments.

26
3.1 Participants
In the experiments reported here, we used the original exploratory search task’s same 68
participants in their originally assigned conditions, as listed in Table V.
Evaluation measure

Acronym

Definition

Relevant coverage

RC(i)

The set of distinct webpages that user/team found and marked as
relevant based on collected snippets
[ RCðiÞ

Universe of relevant pages UR(i)
Unique relevant coverage
URC(i)
Number of snippets saved Snip(i)
Table II.
Precision
Precision(i)
Evaluation metrics for
Recall(i)
information relevancy Recall

i

jRCðiÞj=jC ðiÞj
jRCðiÞj=jU RðiÞj

Evaluation measure

Acronym

Definition

Distinct queries
Search engine results pages

Q(i)
SERP(i)

Query diversity

QD(i)

{q1,q2, …, qm} qm is the distinct query issued by user/team
{s1,s2, …, sx}
sx is the distinct SERP clicked by user/team
Mean{levenshtein distance {q1,q2}},
q1 ≠ q2∧{q1, q2} ∈ Q(i)
Pjunigramsqm j
 u¼1
pu log 2 pu


PjQðiÞj


m¼1 E ðqm Þ= QðiÞ

Query entropy
Table III.
Evaluation metrics for
Information content
information search

E(qm)
IC(i)

Evaluation measure

Acronym

Definition

F-score

F(i)

Effectiveness

Effectiveness (i)

Precision
 ðiÞ þ RecallðiÞ

[i pn ðdwell timepn X 30 secsÞ 
jC ðiÞj

Efficiency (i)

EffectivenessðiÞ
9QðiÞ9

Efficiency
Table IV.
Evaluation metrics for Response precision
search performance

Table V.
Participants in
different experimental
conditions

i

UC(i)∩UR(i)
j[ Snippets collectedi j

2PrecisionðiÞRecallðiÞ

jCorrect answersðiÞj
jAnswersðiÞj

Response precision (i)

Condition

Description

No. of units

Total participants

C1
C2
C3

Individuals
Dyads
Triads

12
10
12

12
20
36

3.2 Session workflow
Coagmento was adapted to guide users through various stages in the session workflow of
this study. The system led users from stage 2 up to stage 5 via the automatic progression of
stages upon completion of each stage either based on user input or allocated time elapsed as
shown in Table VI. A researcher conducting the study session guided stages 1 and 6.
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3.3 Task
The participants were asked to use online search to answer as many questions as possible
during a finite period of time. The set of questions was obtained from “A-Google-A-Day.”
Each question had a unique short answer; however, different search paths could be taken to
find it. Here is an example.
Question: how long is the river bordering the two countries that once were home to the
Hamangia?
How to find the answer (Google’s strategy): search (Hamangia). You will find that the
Hamangia culture is a late Neolithic culture that once existed in what is now Romania and
Bulgaria. Search (river bordering Romania and Bulgaria). You will find the answer is the
Danube River. Then search for the (length of Danube River), and discover that it is about
1,777 miles long.
Answer: 1,777 miles.
Note that questions used in this study were published on A-Google-A-Day on August
2011. Moreover, questions were classified in different levels of difficulty as described in
González-Ibáñez and Shah (2012, 2014b). Specifically, the level of difficulty was determined
based on the number of steps/queries required to find the answer, which was implicitly
specified in the solutions provided by A Google Day. In this study, we only used level-3
questions, where number 3 represents the ideal number of steps necessary to find the
answer to each question. As a result, we fixed this variable so that participants in the
different conditions of the study and regardless their experimental condition, were exposed
to the same level of difficulty.
The users were allowed to access Google search engine as a part of the search system
to find answers to the questions. We ensured that the history of the browser was deleted
prior to each study session and the users were not allowed to login to their Google profile
before starting the search to ensure that every user was exposed to the same conditions
while searching without introducing bias due to prior browsing history. We did not
restrict the aspect of whether users used Google Knowledge Graph[2] or only organic
search listings since Google Knowledge Graph is an underlying component of Google
search engine that has been introduced since 2012. Since all the users were exposed to the
same search conditions, we can conclude that the benefits of Google Knowledge Graph or
any other algorithms underlying the search engine were common to all users in the study.
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Stage Description
1
2
3
4
5
6

Because this was a continuation of the same user study during a second session, users
were given instructions and reminders
Participants watched a brief tutorial in order to remind themselves of the basic
functionalities required during the task
Participants worked on a simple practice task to get accustomed to the system
Each user/team worked on the fact-finding task by answering a series of “A-Google-ADay” questions by searching and collecting relevant information and submitting short
answers based on their findings
Participants filled out post-task questionnaires
Participants were briefly interviewed to get their feedback on the task and their experience

Time (min)
2
2
2
35
3
5

Table VI.
Summary of
session stages
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However, given the nature of the questions (finding obscure piece of information that is
not clearly connected with known concepts), it was highly unlikely that the users were
able to get much, if anything, specifically from the Knowledge Graph.
Overall, user/teams were given 35 minutes to complete the entire task. The order in
which the fact-finding questions were presented to the users was pre-determined at the
system level so that every individual/team received the questions in the same order to avoid
any bias introduced by question order. Individuals or teams were given the freedom to use
as much or as little time as they wished to answer each question with a maximum time limit
of 35 minutes. However, they were allowed to skip questions at their discretion at any time.
They were provided with a text box to write their short answer for each question upon
clicking the “Answer” button. Note that for the particular case of dyads and triads, all the
participants in the group were required to agree in order to either submit their answer or
skip the question (until all members of the team clicked the “ok” button, the next question
was not presented to them by the system). In the rare event that an individual or team ran
out of all the questions in the system’s question bank within the specified time, the questions
they had skipped were presented to them. All other settings and variables were kept the
same as reported in Shah et al. (2015).
4. Results
The analysis of the data focused on four main research measures:
(1) The first is effectiveness: effectiveness measures the ratio of the number of pages
with a dwell time greater than 30 seconds to the number of distinct webpages the
groups visited. Dwell time, the length of time an individual lingered on a page, was
set at 30 seconds based on existing research literature (Fox et al., 2005; White and
Huang, 2010). The number of distinct webpages visited by a group is also known as
the coverage.
(2) The next measure taken into account was efficiency: efficiency is the ratio of
effectiveness and the number of distinct queries run by the participants.
(3) Relevant coverage is the set of webpages that the individuals or teams found
relevant by collecting snippets.
(4) Query diversity was found by averaging over the Levenshtein Distance or Edit
Distance (Levenshtein, 1966) for all pairs of distinct queries that a given individual
or team ran.
This paper focuses only on the analysis of the fact-finding task (Task 2). The analysis
of Task 1 (exploratory task) and the corresponding results were presented in the paper
by Shah et al. (2015).
For data analysis, each group of individuals, dyads, or triads was automatically assigned
a project ID as they engaged in the task. The data for each metric were then aggregated for
each project ID and each question completed. Missing values for questions skipped or left
unanswered were simply coded “NA” and omitted from the analysis. Then the mean of each
feature was calculated for a given study condition on a question-by-question basis.
Statistical analysis was performed at the study level, so the performance of individuals,
dyads, and triads could be compared across all questions for a given feature.
The Shapiro-Wilk test revealed that the data did not follow a normal distribution for each
study condition. Therefore, the Kruskal-Wallis analysis of variance was performed to check
for initial statistical significance. The data were grouped according to study condition.
When the results of the Kruskal-Wallis test were significant, the Wilcoxon rank-sum test
was used to test pairwise significance between study conditions. Project IDs were sorted by

their study condition, and then the mean values of all the measures for each question were
compared. For analysis between Tasks 1 and 2, feature values were compared for each
project ID given that Task 1 only contained one question. For example, all project IDs with
Condition 1 from Task 1 were compared to all project IDs with Condition 1 from Task 2.
Table VII presents the mean, median, and standard deviation for effectiveness,
efficiency, relevant coverage, and query diversity across all questions (within the
fact-findings task) for each study condition. For effectiveness and efficiency, Condition 1
(individuals) consistently had the highest mean, median, and standard deviation followed by
Condition 2 (dyads) and then Condition 3 (triads), indicating that individuals were more
effective and efficient in fact-finding tasks than groups. This might be indicative of the extra
time that a group had to spend coming to a consensus before making the final decision at
each question/answer, whereas individuals could proceed on their own pace. However, this
trend does not hold for relevant coverage and query diversity. For relevant coverage, triads
had the highest mean, median, and standard deviation followed by dyads and then
individuals. Dyads also had the greatest standard deviation for query diversity, followed by
triads and then individuals. This may indicate differences of ideas, opinions, and
implementations (through the use of queries) among collaborators.
Table VIII contains the results from the statistical tests performed across all questions
asked for each study condition. For effectiveness, the Kruskal-Wallis test yielded a χ2 value
of 14.223 with a p o0.01. The Wilcoxon rank-sum test showed a p o0.01 across all pairs of
study conditions. When compared with the medians from Table VIII, it is clear that
individuals are more effective than dyads and triads. For efficiency, Kruskal-Wallis had a
χ2 value of 26.664 with a p o0.01. The Wilcoxon test returned a p o0.01 across all pairs of
study conditions. The medians in Table VII indicate that Condition 1 is greater than
Conditions 2 and 3 for efficiency. While the Kruskal-Wallis test was significant for relevant

Measure

Condition 1 (individuals)

Condition 2 (dyads)

Condition 3 (triads)

Effectiveness

Mean: 0.681
Std: 0.221
Median: 0.689
Mean: 0.332
Std: 0.249
Median: 0.250
Mean: 1.462
Std: 0.376
Median: 1.500
Mean: 12.714
Std: 8.442
Median: 12.918

Mean: 0.466
Std: 0.210
Median: 0.421
Mean: 0.102
Std: 0.085
Median: 0.062
Mean: 2.148
Std: 0.820
Median: 2.165
Mean: 19.102
Std: 9.305
Median: 17.845

Mean: 0.421
Std: 0.167
Median: 0.367
Mean: 0.068
Std: 0.061
Median: 0.044
Mean: 2.362
Std: 0.877
Median: 2.598
Mean: 24.730
Std: 8.668
Median: 27.513

Efficiency
Relevant coverage
Query diversity

Measure

Kruskal-Wallis Wilcoxon C1, C2 Wilcoxon C1, C3 Wilcoxon C2, C3 Interpretation

Effectiveness

χ2 ¼ 14.223**

Efficiency

χ ¼ 26.664**
2

Relevant coverage χ2 ¼ 12.227**
Query diversity
χ2 ¼ 5.289
Notes: *p o0.05; **p o 0.01

W ¼ 57**
C1 WC2
W ¼ 19**
C1 WC2
W ¼ 792

W ¼ 47.5**
C1WC3
W ¼ 19**
C1WC2
W ¼ 679

W ¼ 0**
C2WC3
W ¼ 0**
C2WC3
W ¼ 486.5
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Table VII.
Statistical measures
for fact-finding
task (Task 2)

C1W C2, C3
C1W C2, C3
Table VIII.
Statistical test results
for fact-finding
task (Task 2)
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coverage with a p-value below 0.01 and a χ2 value of 12.227, the Wilcoxon results were not
significant across any pair of study conditions and consequently no interpretation can be
made. The Kruskal-Wallis test was not significant for query diversity and so the Wilcoxon
test was not performed.
Table IX represents a comparison between Tasks 1 and 2 for effectiveness, efficiency,
relevant coverage, and query diversity. The evaluation was performed using Wilcoxon
Signed Rank test to identify if the distributions of these metrics differ within subjects (in this
case, within dyads, triads, and individuals who performed both Tasks 1 and 2). For all
metrics, other than efficiency for dyads (C2) and triads (C3), the Wilcoxon rank-sum test
yielded significant results. This indicates that the metrics for Tasks 1 and 2 for the
individuals, dyads and triads were non-identical with statistically significant differences.
Individuals were more effective and efficient in Task 2 compared to Task 1, which may be
indicative of the fact that individuals are highly effective in fact-finding tasks compared to
exploratory tasks. Furthermore, dyads and triads were also more effective in Task 1 than in
Task 2, yet not significantly different in terms of efficiency, showing that when working as a
team, they were not able to benefit much from synergic effects in the fact-finding task as
opposed to the exploratory task. In both relevant coverage and query diversity, Tasks 1
and 2 populations showed statistically significant results where Task 1 values were always
higher than Task 2.
These findings on relevant coverage show that in the fact-finding task (Task 2), users
spent less time reading and collecting snippets because they needed to find a specific
answer, whereas in the exploratory task (Task 1), collecting snippets that could be used in
the final report and keeping track of the areas covered was quite important. Query diversity
is significantly higher in Task 1 compared to Task 2. This indicates that for exploratory
tasks, users had to explore more unknown paths using varied queries when compared to
fact-finding tasks.
Another way to calculate the performance of individuals, dyads and triads in Task 2 is
based on their response precision. This measure was operationalized as the ratio between
correct answers and the total number of answers provided (González-Ibáñez and Shah,
2014a). Unlike Task 1, in Task 2 it was possible to accurately determine whether answers
provided by the individuals or groups were correct by comparing user answers with
those provided by “A-Google-A-Day” along with the questions.
To provide a complete view of performance using response precision, we also compared
the three conditions in terms of correct answers, wrong answers, and the total number of
answers. An exploration of the three variables showed that all three had a normal
distribution according to the Shapiro-Wilk test. Additionally, the variance in the three
experimental conditions was found to be homogeneous according to the Levene test.
As a result, between-group comparisons were performed with one-way ANOVA. Results for

Measures

p-value ¼ 0.01611*
Task2 WTask1
Efficiency
p-value ¼ 0.02686*
Task2 WTask1
Relevant coverage
p-value ¼ 0.0004883**
Task2 oTask1
Query diversity
p-value ¼ 0.02113*
Task2 oTask1
Notes: *po 0.05; **p o0.01

Effectiveness

Table IX.
Comparison of
Tasks 1 and 2

C1

C2

C3

p-value ¼ 0.01367*
Task2W Task1
p-value ¼ 0.1055
Not significant
p-value ¼ 0.001953**
Task2o Task1
p-value ¼ 0.0156*
Task2o Task1

p-value ¼ 0.002441*
Task2WTask1
p-value ¼ 0.3013
Not significant
p-value ¼ 0.0004883**
Task2oTask1
p-value ¼ 0.02842*
Task2oTask1

this analysis showed no significant differences between the three conditions in terms of
correct answers and total number of answers. However, significant differences were
reported in terms of incorrect answers and response precision. Specifically, our results
showed that triads (C3) made significantly fewer mistakes than individuals (C1) ( p o0.05).
Consistently, triads (C3) were able to achieve significantly higher response precision than
the individuals (C1) ( p o0.05). Differences between C1 and C2 were marginally significant
( p o0.075) with response precision being higher for C2 than C1. Finally, no significant
differences were found between C2 and C3. Table X provides a summary of the results for
each measure and the corresponding results.
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5. Discussion
The analysis for Task 1, as previously reported (Shah et al., 2015), showed that adding extra
users was beneficial. However, this trend did not hold for Task 2 with respect to
effectiveness and efficiency. Indeed, people working alone were the most effective and
efficient. A possible explanation for these results is the nature of Task 2. The task was
geared toward answering the greatest number of questions in the least possible amount of
time and therefore did not encourage users to linger on a page searching for information.
Traditionally, the minimum dwell time threshold for a page to be considered useful is
30 seconds, which may be quite high under time-constraints scenarios or when the goal is to
find as many answers as possible. It is also plausible that such a threshold is high for two or
three people working together to find a fact. Individuals, on the other hand, may not benefit
from the help of their peers and may subsequently need to spend longer on any given page.
This may explain the boost in effectiveness and efficiency from Tasks 1 to 2 as reported in
the previous section.
Despite favorable results for single users in Task 2 in terms of effectiveness and
efficiency; being effective and efficient – measures that are operationalized in terms number
of queries and useful coverage – in this particular task do not necessarily translate into high
performance. In particular, high effectiveness occurs as a result of a favorable proportion
between useful coverage and total coverage, whereas efficiency is improved when
effectiveness is high and the number of queries is reduced. For the case of dyads and triad in
this particular type of task (multiple-step fact finding), these two measures are negatively
affected due to the individual contributions of group members in terms of useful coverage
and the total number of queries issued by groups. As presented in Tables VIII and X, while
Measures

C1

C2

C3

ANOVA

Mean: 6.416 Mean: 8.363 Mean: 9.083 F value ¼ 4.467
Std: 3.752
Std: 2.766
Std: 2.712
p o 0.05
However, no significant differences were revealed
through post-hoc tests, in particular Tukey HSD
Incorrect Mean: 9.583 Mean: 7.363 Mean: 5.333 F value ¼ 10.960
answers
Std: 2.609
Std: 4.056
Std: 2.806
p o 0.01
Tukey HSD
C3 oC1 ( p o 0.01)
Number of Mean:
Mean:
Mean:
F value ¼ 1.091
answers
16.000
15.727
14.416
p ¼ 0.304
Std: 4.000
Std: 3.977
Std: 3.287
Response Mean: 0.384 Mean: 0.547 Mean: 0.634 F value ¼ 12.850
precision Std: 0.164
Std: 0.193
Std: 0.159
p o 0.01
Tukey HSD
C3 WC1 ( p o 0.01)
C2 WC1 (marginal p ¼ 0.075)
Correct
answers

Table X.
Response precisionbased performance
for Task 2
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dyads and triads were not as efficient and effective as single users, they were able to better
succeed in Task 2 in terms of response precision. One possible explanation for this outcome
is the nature of Task 2, which unlike Task 1 was non-dividable and moreover each question
in Task 2 had a unique answer. As a result, group members in dyads and triads were on
the same track, which promoted within-group evaluation about the relevance of information
to answer each question properly. Our results for response precision did not show
significant differences between C2 and C3, and while differences were found in terms of
means (with C3 greater than C2); it is hard to say that increasing group size would also
improve response precision. Moreover, besides group size there are additional factors
(both internal and external) in group configuration that could also affect performance
(González-Ibáñez, Haseki and Shah, 2012a; González-Ibáñez and Shah, 2014a).
The lack of significance for relevant coverage and query diversity indicates that no one
study condition can be said to be superior to another. Task 2 allowed the option of skipping
questions and each group worked on a slightly different set of questions. Therefore, it is
logical that study condition would not be a factor in relevant coverage, because a diverse
range of search topics would limit page overlap across groups. Additionally, fact-finding
type questions would not encourage users to collect snippets. As for query diversity, each
group member was working toward answering the same question. Because every group
was searching for the same concrete answer, the diversity of the queries would be limited to
a specific range directly related to the question. The analysis has shown that adding more
people to a group does not present any specific advantage.
In comparison to Task 1, individuals were more effective in Task 2. The results for
dyads and triads were not statistically significant. Given that Task 2 was more focused
and the information more readily available, users would have needed to visit fewer pages/
sources to complete the task. The effect of lower coverage would boost effectiveness.
One possible reason why there was no statistical significance between Tasks 1 and 2 for
Conditions 2 and 3 is that dyads and triads had very low numbers for useful pages,
negating the effects of lower coverage. Effectiveness, however, is higher in Task 2 across
all study conditions. One explanation is that with all users searching for the same
information, the number of distinct queries made would be much lower, raising
effectiveness. Interestingly, Task 1 was superior in terms of relevant coverage.
Even though all the users in Task 2 were pulling from the same list of questions, the
option to skip meant not all groups answered every question, meaning they were not
visiting the same webpages. Additionally, users from Task 1 would be collecting more
snippets, since the exploratory search task would require more information to generate a
more complex answer. The Kruskal-Wallis test was significant for Condition 1 in query
diversity, but no other condition was statistically significant. Additionally, the pairwise
testing was not significant across any study condition. Further testing is needed to
determine why query diversity does not seem to be affected by task type.
Finally, it is important to note that Task 2 is also linear with time, which means the more
time one spends on it, the more questions one could answer and the more one answers, the
more correct answers one could provide. Therefore, while comparing C2 to C1, we should
technically half C2’s numbers in Table X. For C3, we should divide them by 3. This linearity
is not the case with Task 1. Spending more time does not guarantee better effectiveness or
efficiency. This is shown in earlier works (e.g. Pickens et al., 2008; Hendahewa and Shah,
2015). In effect, adding more people for Task 2 does not really help, even for response
precision related measures if we really consider the nature of Task 2.
Fact finding could be more challenging task than it may seem, at least for the experiments
reported here. For instance, it is quite likely that when the participants come across the same
answer repeatedly for related queries they execute, they might consider it as the correct
answer although it might not be since it does not come from reliable sources. Given that the

“A-Google-A-Day” questions used in the study were at level-3 difficulty level (ideal case
requiring three steps to get the correct answer), the participants had to be very critical in
finding the correct answer without being misled by frequent or obvious search results since
the answers were not straightforward but one has to go from one step to the other to arrive at
the final answer by issuing the most applicable queries. Such phenomena most likely made
some influence in the dyads and triads when deciding the queries to execute at each step,
making it difficult for them to come to a consensus as to what was the correct answer.
6. Conclusion
In the work reported here, we attempted to provide a follow-up on a previously published
article that addressed the issue of assessing the effect of the number of collaborators in CIS.
Specifically, in the earlier work it was shown that as the number of project workers go from
one to two and then three, an exploratory search task benefits. This study focused on a
different kind of information seeking task (fact finding), and found that individuals
performed better than the dyads or triads in some respects, or at least there were hardly any
advantages to adding more people to the task when focusing on effectiveness and efficiency.
Yet, in fact-finding search tasks effectiveness and efficiency (as operationalized in this
study) do not necessarily translate into high performance. When focusing on actual
performance in this particular task type, our results indicate that increasing group size had
a positive effect in response precision. On the other hand, considering the time effect, this
performance boost did not keep up with the increased group size.
The cumulative findings from the past and the current paper provide us with interesting
insights about when collaboration could be useful. They show that a clearly divisible task
(Task 1) could lead to improved performance with the help of added project members, but
the same is not true for a non-divisible task (Task 2).
While heuristics are often presented in the literature (e.g. London, 2012), this is the first
clear empirical work to demonstrate where that line could be drawn in an information
seeking situation. Combining the findings from these two experiments, we could
also extend the implications to decision-making about the structure of collaboration.
For instance, by doing task and domain analyses, we could identify parts of a project that
are multi-faceted and those that are streamlined singletons. We could then create an
appropriate collaborative condition (e.g. dyads, triads) for the former and let the
individuals work independently on the latter.
Notes
1. www.agoogleaday.com
2. www.google.com/intl/es419/insidesearch/features/search/knowledge.html
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