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ABSTRACT

An important question in interactive information retrieval (IIR) is:
How do task characteristics influence users’ needs? In this paper,
we investigate the effects of cognitive task complexity on the types of
information considered useful for a task. We characterize informa-
tion types from two perspectives. From one perspective, we classify
task-related information items based on inherent characteristics
(referred to as info-types): factual statements, concepts/definitions,
opinionated statements, and insights—tips/advice related to the task
domain. From a second perspective, we used Bystréom and Jarvelin’s
framework [5] to define information types based on how the infor-
mation might be used to complete the task (referred to as functional
roles): (1) to help the task doer understand the task requirements
(problem information); (2) to help the task doer strategize on how
to approach the task (problem-solving information); and (3) to help
the task doer learn about the task domain (domain information).
Our results suggest that: (1) cognitive task complexity influences
the functional roles of information items deemed useful for the task
(RQ1); (2) certain info-types are more (or less) likely to play certain
functional roles (RQ2); and task complexity influences the variety

of functional roles played by info-types (RQ3).
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1 INTRODUCTION

An important question in interactive information retrieval (IIR) is:
How do task characteristics influence users’ information needs and
behaviors? Studying task characteristics can help us understand
why people seek information, what types of information they seek,
and how the information is used [15]. In this study, we focus on the
effect of cognitive task complexity on the types of information consid-
ered useful for the task. Task complexity has been viewed from two
perspectives: objective and subjective [6]. Objective task complex-
ity is a characteristic of the task itself (independent of the task doer).
One influential perspective of objective task complexity is through
the lens of cognitive complexity, which relates to the types of mental
processes required by the task [11, 12]. A simple task may require
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rote memorization, while a complex task may require evaluating
different alternatives. Bystrém and Jarvelin [3, 5] provided a useful
conceptualization of subjective task complexity. They operational-
ized task complexity on the basis of a priori determinability—the
extent to which a worker can deduce the task requirements, form of
the solution, and processes involved. In their studies, task complex-
ity was determined based on participants’ perceived determinability.
In our research, we investigate objective cognitive complexity.

Information can be characterized along many different dimen-
sions (e.g., objective vs. subjective, concrete vs. abstract, declarative
vs. procedural, etc.) In this paper, we characterized information
items from two perspectives. From one perspective, we charac-
terize information based on inherent characteristics: (1) facts, (2)
concepts/definitions, (3) opinions, and (4) insights—advice related
to the task domain. We refer to these four categories as info-types.
From a second perspective, we characterize information based on
how it might be useful to someone working on the task. To this
end, we adopted the framework from Bystrom and Jarvelin [3, 5].
Using this framework, we characterized information as: (1) prob-
lem information (PI), which helps the task doer understand the
task requirements and structure; (2) problem-solving information
(PSI), which helps the task doer strategize on how to approach the
task; and (3) domain information (DI), which helps the task doer
learn about the task domain. We refer to these three categories
as functional roles. While info-types relate to inherent characteris-
tics, functional roles describe how the information may be useful.

In this paper, we present a secondary analysis of data gathered
for a previous study [9]. In the parent study, we explored the effects
of task complexity on the info-types (i.e., facts, opinions, concepts,
and insights) commonly used by participants during a task. Our
results found that facts were used more during simple tasks, con-
cepts/definitions were used more during moderately complex tasks,
and opinions/insights were used more during highly complex tasks.
In other words, during complex (vs. simple) tasks, participants had
different needs, which were addressed by different info-types.

In this secondary analysis, we aimed to address the following
remaining questions. First, how does task complexity influence the
functional role of information considered useful for the task? For
example, using the framework from Bystrém and Jarvelin [3, 5],
do complex tasks require more PI (to help the task doer decipher
the task requirements) and more PSI (to help the task doer decide
how to approach the task)? Second, are certain info-types more
(or less) likely to play a certain functional role? For example, are
task-related facts mostly used as DI, concepts mostly used as PI, and
opinions/insights mostly used as PSI? Finally, does task complexity
influence the relationship between info-types and their functional
roles during a task? For example, as task complexity increases, do
info-types play a wider variety of functional roles?
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In the parent study, participants were assigned tasks of varying
levels of cognitive complexity and were asked to search for informa-
tion using a custom-built search system. As the main outcome of the
task, participants were asked to construct a written response based
on the information found. During the search session, task-related
info-types were displayed in a peripheral search assistance tool
presented alongside the search results. The info-types displayed
were manually curated by three graduate students in Information
Science prior to the study. During this preliminary data curation
phase, the three graduate students were asked to search for facts,
concepts, opinions, and insights that would help someone work-
ing on the same task. Additionally, they were asked to provide a
justification about how each information item might be useful.

In this paper, we conducted a qualitative analysis of these info-
types gathered. Using the information item and justification, info-
types were assigned to three functional roles: problem information
(PI), problem-solving information (PSI), and domain information
(DI). We investigate the following three research questions:

RQ1: How does cognitive task complexity influence the func-
tional roles of information items deemed useful for the task?

RQ2: What is the association between info-types and functional
roles? In other words, are certain info-types more (or less) likely to
play a certain role?

RQ3: How does cognitive task complexity influence the associa-
tion between info-types and functional roles? For example, do the
functional roles of info-types become more (or less) diversified as
task complexity increases?

2 BACKGROUND

Our research builds on prior studies on the effects of task complex-
ity on searchers’ needs and behaviors. Task complexity has been
studied from different perspectives. Campbell [6] defined complex
tasks as having: (1) multiple outcomes, (2) multiple paths to each
outcome, (3) greater uncertainty about the paths to an outcome, and
(4) greater interdependence between paths. More closely related
to our work, task complexity has also been studied from the per-
spective of cognitive complexity [7, 12], which relates to the types
(and variety) of mental processes required by the task. Jansen et
al. [11] (and later Kelly et al. [12]) used Anderson and Krathwohl’s
taxonomy of learning [1] to create search tasks of varying com-
plexity levels. Studies have found that more cognitively complex
tasks are perceived to be more difficult and require more search
activity [7, 11, 12, 17].

Another conceptualization of task complexity is through the lens
of a priori determinability, which refers to the degree of uncertainty
about the task requirements, processes involved, and form of the so-
lution [2-5]. Bystrom and Jarvelin [5] used a priori determinability
to categorize tasks into five complexity levels. To illustrate, auto-
matic information processing tasks (the simplest) are completely
determinable in terms of the task requirements, processes, and form
of the solution. Conversely, genuine decision tasks (the most com-
plex) are completely unstructured—none of the task components
(inputs, processes, and outcomes) can be determined in advance.

Bystrom and Jarvelin [5] investigated the effects of a priori deter-
minability on the types of information used by workers in a profes-
sional setting. Information types where defined based on functional
role: (1) problem information (PI) helps the task doer understand
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the structure and requirements of the problem; (2) problem-solving
information (PSI) helps the task doer strategize on how to approach
the problem; and (3) domain information (DI) consists of facts, con-
cepts, and theories in the domain of the problem. To elaborate, PI
helps the task doer understand the problem and PSI helps the task
doer solve the problem (i.e., determine what PI and DI to use and
how). In their study, results found differences in the functional
role of information sought and used during simple versus complex
tasks. Simple tasks required mostly PI and fact-oriented sources to
support rule-based processing. Conversely, complex tasks required
all three types of information, particularly more PSI to help with
problem-solving. Additionally, complex tasks had greater use of
human experts as information sources.

In a follow-up study, Bystrom [3] examined the effects of a priori
determinability on participants’ use of three different information
types: (1) task information (TT) covers case-specific aspects of the
task (only applicable to the task at hand); (2) domain information
(DI) consists of information related to the task domain (generally
applicable to tasks of the same type); and (3) task-solving informa-
tion (TSI) provides guidance on what TI and DI to use and how.
Consistent with Bystrom and Jérvelin [5], results found that com-
plex tasks required multiple types of information (particularly more
TSI) and had greater use of human experts as information sources.

Saastamoinen [14] investigated the effects of task complexity on
participants’ use of different types of information. Task complexity
was determined based on participants’ perceptions and information
types were categorized as: (1) known items, (2) isolated facts, and
(3) information aggregates. Results found that more complex tasks
required more information aggregates (broadly applicable) and
fewer isolated facts (only applicable to the task at hand).

3 METHOD

To investigate RQ1-RQ3, we performed a qualitative analysis of
data gathered during a previous study [9]. This parent study inves-
tigated the influence of cognitive task complexity on the info-types
used by participants to complete tasks. Thirty-two participants
each completed the same four tasks of varying levels of cognitive
complexity (described below). During each task, participants were
asked to search for information using a custom-built search system
and construct a written response. Additionally, participants had
access to four different types of information (i.e., info-types) in a
peripheral search assistance tool referred to as the InfoBoxes (IB).
The IB was displayed alongside the search results and presented
items of each info-type in different tabs.

Info-types: Our four info-types were defined as follows. Facts
were defined as objective and verifiable statements related to the
task domain. Facts included declarative statements, statistics, and
descriptions. Concepts were defined as noun-phrases representing
important principles, ideas, or entities related to the task domain.
Opinions were defined as subjective/normative statements related
to the task domain. Opinions included views, perspectives, judge-
ments, and evaluations. Finally, insights were defined as tips, advice,
or recommendations that would be useful to someone working on
the task. Our motivation for studying the use of facts, concepts, opin-
ions, and insights originated from prior work. Crescenzi et al. [10]
studied participants’ note-taking behaviors during exploratory
search tasks. A qualitative analysis of participants’ notes found that
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they often included factual statements, concepts/definitions, opin-
ions, and meta-level statements about the task itself—tips/advice,
clarifications, and nuances about the task domain.

Info-type Data Collection: In the parent study, the info-types
available to participants during each task were manually curated.
During a preliminary data collection phase, three graduate students
in Information Science (referred to as annotators) were assigned
our four tasks and were asked to gather facts, concepts, opinions,
and insights that might help someone working on the same task.
For each task, each annotator was asked to gather at least 8 items
per info-type. Additionally, annotators were asked to provide a
justification for how each item might be useful.

Functional Role Annotation: In this paper, we present a qual-
itative analysis of the info-types gathered by annotators during
the preliminary data collection phase described above. To this end,
we adopted Bystrom and Jarvelin’s framework [3, 5] and manually
assigned info-types to three functional roles defined as follows.
Problem information (PI) is defined as information that helps the
task doer understand the requirements and structure of the task.
Problem-solving information (PSI) is defined as information that
helps the task doer strategize on how to approach the task. Do-
main information (DI) is defined as general information about the
task domain or information that can be used directly as part of
the task’s solution. These three functional roles were not mutu-
ally exclusive—information items (particularly those consisting of
multiple statements) could be assigned to multiple functional roles
(e.g., PI and PSI). Info-types were assigned to functional roles by
examining the information item itself and the provided justification
for how it might be useful to someone else.

To test the reliability of the three functional role definitions, both
authors of this paper coded all info-types gathered by one of the
annotators (i.e., 1/3 of the data). Based on Cohen’s Kappa, the level
of agreement was PI = 0.61, PSI = 0.76, and DI = 0.69. All three
agreement values were at the level of “substantial” (> .60) [13].
Given this satisfactory level of agreement, one of the authors coded
the remaining 2/3 of the data.

Cognitive Complexity Levels: Annotators gathered info-types
for four tasks of varying levels of cognitive complexity. Cognitive
task complexity relates to the types (and variety) of mental pro-
cesses required by the task. This characterization of task complexity
originated from educational research. Anderson and Krathwohl’s
two-dimensional taxonomy of learning was designed to more pre-
cisely define learning objectives for students [1]. In the context of
IIR, Jansen et al. [11] (and later Kelly et al. [12]) adopted the cog-
nitive process dimension of A&K’s taxonomy to design learning-
oriented search tasks of varying complexity levels. In this work, we
focused on four complexity levels: remember, understand, analyze,
and create. A remember task requires finding or verifying a specific
piece of information. An understand task requires engaging with
information more deeply in order to exemplify, summarize, and/or
explain. An analyze task requires identifying alternatives and un-
derstanding their similarities and differences. Finally, a create task
requires generating a novel solution to a problem. Our four tasks
were adapted from tasks used in Kelly et al. [12] and Capra et al. [7]

To illustrate, our analyze task was as follows: “ You are planning
an extended hiking trip and will not be able to carry all the water
you will need. There will be streams near where you are hiking, but
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a friend said that you might get sick from drinking water directly
from the streams. What are some different methods to purify stream
water for drinking during long hiking trips and how do they differ?”

Our remember task required participants to determine how many
people in the U.S. are living with HIV. Our understand task required
participants to identify human activities that degrade soil quality
and provide a brief explanation. Our create task required partici-
pants to generate a plan for designing a Soapbox Derby car.

4 RESULTS

ROQ1. Effects of task complexity on functional roles of task-
related information: Figure 1 shows the effects of task complex-
ity on the functional roles associated with all info-types combined.
In Figures 1-3, the percentages are computed with respect to the
qualitative codes (PI, PSI, DI) assigned to information items. Fig-
ure 1 suggests two main trends. First, domain information (DI) was
common for all task complexity levels, ranging from 91% for the
remember task (simplest) to 42% for the create task (most complex).
Second, problem information (PI) and problem-solving information
(PSI) were more common for complex tasks, particularly for the
most complex (create). In other words, the most complex task had
more information items gathered to help the task doer understand
the task requirements (PI) and gain strategies for solving it (PSI).

100% -
80% A

60% -

40%
20% .
oo L N

Remember Understand Analyze
mPl mPSI =DI

Create

Figure 1: Task complexity effects on functional roles.

RQ2. Associations between info-types and functional roles:
Figure 2 shows the mapped relations between info-types (facts, con-
cepts, opinions, insights) and functional roles (PI, PSI, DI). Our RQ2
results suggest three main trends. First, facts, concepts, and opin-
ions were mostly associated with DI. Second, information items
coded as PI were mostly facts and concepts. One possible inter-
pretation is that information that helps the task doer understand
the task requirements (PI) tends to be objective and factual (facts
and concepts). Finally, information items coded as PSI were mostly
opinions and insights. One possible interpretation is that informa-
tion that helps the task doer strategize on how to approach the task
(PSI) tends to be subjective and experiential (opinion and insights).

100% A
80% +
60% -+
40%

20% -
L om O

Facts

Concepts Opinions Insights

mPl mPSI nDI
Figure 2: Association between statement and information types.
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RQ3. Effects of task complexity on the associations be-
tween info-types and functional roles: Figure 3 shows the ef-
fects of task complexity on the relations between info-types and
functional roles. Our RQ3 results suggest one main trend. As task
complexity increases, the relations between info-types and func-
tional roles become more varied (i.e., less deterministic). Figure 3
shows several examples of this trend. For the remember, understand,
and analyze tasks, facts mostly played the role of DI. Conversely,
for the create task (most complex), facts played all three roles (PI,
PSI, and DI). Additionally, for the remember, understand, and ana-
lyze tasks, PSI mostly originated from insights. Conversely, for the
create task (most complex), PSI originated from all four info-types.

mPl mPSI DI
100% -
80% 4
60% +
40% A
20% A
0% -
FCOI FCOI FCOI FCOI
Remember Understand Analyze  Create

Figure 3: Task complexity, info-types, and functional roles

5 DISCUSSION AND CONCLUSION
In this section, we summarize our findings, compare them to those
from prior work, and discuss their implications.

Cognitive task complexity affects the functional roles of
task-related information: Our RQ1 results suggest that as task
complexity increases, task-related information plays a greater role
as PI (to help the task doer understand the task requirements) and
PSI (to help the task doer strategize on how to approach and solve
the task). This result is consistent with previous studies reported in
Bystrém et al. [3, 5], in which complex tasks required more varied
types of information and particularly more PSL

Our research in this paper has two important differences com-
pared to the studies from Bystrom et al. [3, 5]. First, while Bystrom
et al. [3, 5] defined task complexity from the perspective of sub-
jective a priori determinability, we defined task complexity from
the perspective of objective cognitive complexity. Second, while
Bystrom et al. [3, 5] analyzed genuine work tasks in a professional
setting, we analyzed systematically designed search tasks in a lab
setting. In this regard, our RQ1 results show that the trends ob-
served in Bystrom et al. [3, 5] can generalize to other definitions of
task complexity and experimental settings.

A natural question is: Why do complex tasks require more PI and
PSI? From the perspective of determinability, complex tasks have
greater uncertainty about the task requirements. Thus, searchers
may need more PI during complex tasks to gain a sufficient under-
standing of the task itself—to understand the task’s requirements,
scope, parameters, and basic underlying concepts. From Campbell’s
perspective [6], complex tasks have more paths to the outcomes and
greater uncertainty about the paths. Thus, during complex tasks,
more PSI may be needed to help the searcher decide which “path(s)”
to follow and which to avoid.
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Associations between info-types and functional roles: Our
RQ2 results suggest a systematic relationship between inherent
characteristics of information items and how they may be useful.
All info-types had a tendency to serve as DI; objective and factual
info-types (facts and concepts) had a greater tendency to serve as PI;
and subjective and experiential info-types (opinions and insights)
had a greater tendency to serve as PSL

Our RQ2 results are also consistent with findings from Bystrom
et al. [3, 5], in which complex tasks had greater use of humans as
information sources. In our case, complex tasks had more infor-
mation items coded as PSI (RQ1), and PSI had a strong tendency
to originate from opinions/insights (RQ2). In other words, it ap-
pears that PSI (particularly useful during complex tasks) tends to
originate from people’s opinions, viewpoints, and experiences.

Cognitive complexity influences the associations between
info-types and functional roles: Our RQ3 results suggest that
as task complexity increases, info-types tend to play a wider range
of functional roles. In other words, as task complexity increases,
the associations between info-types and functional roles becomes
less deterministic. For example, for our remember, understand, and
analyze tasks, most PSI originated from insights. Conversely, for
our create task (most complex), PSI also often originated from other
info-types (facts, concepts, opinions). This trend suggests that dur-
ing complex tasks, info-types tend to play more dynamic (vs. static)
functional roles. Thus, searchers working on complex (vs. simple)
tasks may benefit from more diverse info-types.

Implications: Our results have important implications for de-
signing systems to support users with tasks of varying complexity.
Our RQ1 results suggest that complex tasks require more PI and
PSI than simple tasks. In other words, searchers working on com-
plex tasks may need extra support in understanding the task itself
(i-e., the task structure and requirements) and in deciding how to
approach it. Prior work shows that cognitive task complexity influ-
ences search behaviors [7, 11, 12, 17]. Thus, future research should
aim to develop systems that can infer a searcher’s task complexity
and provide more tailored support. For example, searchers working
on complex tasks may benefit from seeing definitions of important
task-related concepts (PI) and experiential information (e.g., blog
posts) describing different approaches to the task (PSI).

Our RQ2 results found a few trends between info-types and
functional roles. All info-types served as DI; objective and factual
info-types (facts and concepts) served as PI; and subjective and expe-
riential info-types (opinions and insights) served as PSIL. This result
suggests an opportunity to automatically identify task-relevant PI,
PSI, and DI based on inherent characteristics of an information
item. Prior NLP research on classifying statements as objective
vs. subjective [16] may provide a starting point. Prior work has
also used machine learning to classify information items as facts,
opinions, and experiences [8].

Our RQ3 results suggest that task complexity influences the
relations between info-types and functional roles. In general, we
found that PSI mostly originates from insights. However, during
our most complex task, all info-types played the role of PSI, which
was most needed for the task. This trend also provides guidance for
developing systems to support users. Specifically, during complex
tasks, searchers may benefit from seeing different info-types.
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