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Abstract. The field of information retrieval (IR) has experienced tremendous 
growth over the years. Researchers have however identified Human-Computer 
Interaction (HCI) aspects as important concerns in IR research. Incorporation of 
HCI techniques in IR can ensure that IR systems intended for human users are 
developed and evaluated in a way that is consistent with and reflects the needs 
of those users. The traditional methods of evaluating IR systems have for a long 
period been largely concerned with system-oriented measurements such as 
precision and recall, but not on the usability aspects of the IR system. There 
also are no well-established evaluation approaches for studying users and their 
interactions with IR systems. This chapter describes the role and place of HCI 
toward supporting and appropriating the evaluation of IR systems. 
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1 Introduction 

1.1 Motivation for HCI in IR 

The field of information retrieval (IR) has experienced tremendous growth over the 
years. Researchers have however identified Human-Computer Interaction aspects as 
important concerns in IR research [16]. For instance: IR system design, evaluation, 
and the study of users’ information search behaviours and interactions. Allen [2] indi-
cates that there is a need to establish a link between research within IR and the design 
of user interfaces. According to the ACM Special Interest Group on Human-
Computer Interaction (SIGCHI), Human-Computer Interaction (HCI) is a discipline 
concerned with the design, evaluation, and implementation of interactive computing 
systems, and the study of major phenomena surrounding them [37]. Marchionini [56] 
points out three developments that make it important to incorporate HCI in IR: 
 

• Information Retrieval (IR) and Human-Computer Interaction (HCI) are re-
lated fields having strong traditions that have been challenged and energized 
by the World Wide Web. 
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• The type and nature of content have evolved and changed e.g. type of content 
has moved beyond text to include statistics, multimedia, computer code, sen-
sor streams and biochemical sequences. 

• The type and nature of users have evolved. Data has become increasingly ac-
cessible to a large number of users with no or minimal training in informa-
tion retrieval e.g. on the Internet through mobile devices, TVs, etc. 

According to Marchionini [56], the foregoing three developments lead to the concept 
referred to as Human-Computer Information Retrieval (HCIR), whereby “we think of 
information interaction from the perspective of an active human with information 
needs, information skills, powerful digital library resources (that include other hu-
mans) situated in global and local connected communities – all of which evolve over 
time.” Marchionini [56] goes on to argue that the concept suggests systems that are 
characterized by: 

• Systems should aim to get people closer to the information they need, espe-
cially to the meaning; that is, systems can no longer only deliver the relevant 
documents, but must also provide facilities for making meaning with those 
documents. 

• Systems should increase user responsibility as well as control; that is, infor-
mation systems require human intellectual effort, and good effort is re-
warded. 

• Systems should have flexible architectures so they may evolve and adapt to 
increasingly more demanding and knowledgeable installed bases of users 
over time. 

• Systems should aim to be part of information ecology of personal and shared 
memories and tools rather than discrete standalone services. 

• Systems should support the entire information life cycle (from creation to 
preservation) rather than only the dissemination or use phase. 

• Systems should support tuning by end users and especially by information 
professionals who add value to information resources. 

• Systems should be engaging and fun to use. 

Incorporation of HCI techniques in IR can ensure that IR systems intended for human 
users are developed and evaluated in a way that is consistent with and reflects the 
needs of those users [57]. 

1.2 Motivation for HCI in IR Evaluation 

The study of IR systems has prescribed and dominant evaluation methods that can be 
traced back to the work by Cleverdon [17]. The traditional methods of evaluating IR 
systems have over a long period of time been mainly concerned with system-oriented 
measurements such as precision and recall, but not on the usability aspects of the user 
interface such as how well users can accomplish their goals and tasks, interactive, and 
cognitive issues. There are no well-established evaluation approaches for studying 
users and their interactions with information retrieval systems [33], [48]. 
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1.3 User Interface Techniques for IR 

During the user interface design process, the primary focus is on who the users are 
and what the tasks are. The main role of the system is to support user in their tasks. A 
task could be some activity that involves achieving a particular goal or purpose. In 
general, the user interface of an IR system has the role of guiding, supporting and 
transforming user’s information problems, goals or needs [33]. The user interface can 
be described as the elements that the user comes into contact with when using a com-
puting system. According to Hix and Hartson [38], the user interface generally com-
prises two parts: the interaction part and the interface software part. The interaction 
part or the interaction component is concerned with how the user interface works and 
its behaviour in response to what the user does while performing a task. The interface 
software part is concerned with the implementation of the interaction component. In 
the sequel, is a description of various existing user interface techniques for supporting 
users to interact with and use information retrieval systems. 

Query Formulation and Query Reformulation 
Many search engines expect the user to formulate an initial information request in a 
manner understandable by the underlying search engine. The user interface for such 
search engines typically accepts the information request (i.e. query) in form of a key-
word-based statement. Users often need to reformulate their query after an initial 
query has been executed. Most search engines support query reformulation features 
such as: spelling suggestions, spelling corrections, and automatic query term reformu-
lation [36]. Such features support the user by suggesting potential search directions 
and paths that can yield results that are relevant to the user. The features strive to put 
control of selection and interpretation of results in the user’s hands. 

Browsing 
Traditional user interfaces of information retrieval systems have been geared toward 
analytical searching rather than browsing. Analytical search approaches to informa-
tion retrieval necessitate the systematic formulation of specific, well-structured que-
ries. Browsing involves broad query terms and scanning larger sets of information in 
a relatively unstructured manner. Browsing is generally considered to virtually in-
volve no planning, preparation or focus. For instance, Marchionini [55] notes that 
browsing does not involve planning and is often utilized as an alternative to an ana-
lytical search strategy. Many studies have been reported that show the benefits of 
browsing, for instance [11], [40], [53]. 

Faceted Search and Navigation 
Unlike traditional taxonomies in which the hierarchy of categories is fixed and in-
flexible, faceted search enables users to decide how to navigate information hierarchi-
cally. For instance, users can decide how they will move from a category to its sub-
categories, and at the same time decide the order in which the categories are pre-
sented. Faceted navigation guides users by showing them available categories without 
requiring them to browse through hierarchies that may not suit their needs or way of 
thinking [35]. 
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Lookahead 
Lookahead [9] supports exploration with no penalty. For instance, some web applica-
tions automatically complete query terms and suggest popular searches such as shown 
in Fig. 1. 
 

 

Fig. 1. Lookahead 

Surrogates 
It is important for the user to be able to assess search results. Objects such as images 
can be displayed in the results as complete objects. It is therefore relatively to assess 
such results. However, for other objects such as videos and documents, it is often not 
practical to display them in the results as complete objects. In the latter case, informa-
tion about those objects is included e.g. key-frames for video objects; titles and ab-
stracts for documents; thumbnails for Web pages; etc. This type of information is 
sometimes referred to as a surrogate [5]. 

Relevance Feedback 
Relevance feedback enables users to guide an IR system by indicating whether they 
consider particular results to be more or less relevant [60]. Relevance feedback modi-
fies an existing query based on available user-based relevance judgements for previ-
ously retrieved documents. It is worth pointing out that it is also possible to consider 
automatic relevance feedback, whereby the underlying information retrieval system is 
fully automated without user interaction, and with many relevance judgments [64]. 

Summarization, Analytics and Visual Presentation 
Summarization and analytics can enable users digest query results. Summarization 
can be considered to encompass any means of aggregating or compressing the query 
results into a form that is less likely to lead to information overload on the part of the 
user. For instance, through clustering, etc. In fact and in general, faceted search, 
which was described previously, can also be viewed as a form of summarization. The 
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representation of summarization or analytics can be presented using appropriate in-
formation visualization techniques. 

In Table 1 is a categorization and summary of the user interface techniques for in-
formation retrieval. 

Table 1. User interface techniques for IR 

User interface technique for IR Examples/References 
Query formulation and query reformu-
lation 

[36] 

Browsing [11], [40], [53] 
Faceted search and navigation [35] 
Lookahead  [9] 
Surrogates [5] 
Relevance feedback [60], [64] 
Summarization, analytics and visual 
presentation 

(Mani and Maybury, 1999) 

2 HCI in IR Evaluation: Appropriate Evaluation Metrics and 
Models 

2.1 Metrics 

Existing literature reports on various metrics or measures regarding information re-
trieval (e.g., [15], [76], [69], [77]). Over time, four standard categories of measures 
have emerged: performance measures, interaction measures, usability measures, and 
contextual measures [48]. For each of the four categories, we in the sequel specifi-
cally discuss measures that are appropriate to Human-Computer Interaction in infor-
mation retrieval evaluation. 

Performance Measures 
The traditional and classic evaluation measures of information retrieval system per-
formance have been precision and recall. Such and other traditional IR measures can 
be found in [76]. Other measures include: F-measure, average precision (AP), mean 
average precision (MAP), and geometric average precision (GMAP). “Since these 
measures are document-based, they measure only the performance of the system in 
retrieving items predetermined to be “relevant” to the information need. They do not 
consider how the information will be used, or whether, in the judgment of the user, 
the documents fulfill the information need” [24].  

Interactive Recall and Precision 
The traditional IR performance measures are based on an evaluator’s relevance judg-
ments. The user’s or subject’s relevance judgments often do not agree with the 
evaluator’s relevance judgments. It may also be that the evaluator has searched 
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through hundreds of documents in order to provide relevance judgments. The user or 
subject may not search long enough to find all of these documents [48]. 

Toward addressing the mismatch between evaluator’s relevance judgments and 
subjects’ relevance judgments, interactive recall and precision, and interactive TREC 
precision [74-75] have been proposed.. For instance: interactive recall is the number 
of TREC relevant documents saved by the user divided by the number of TREC rele-
vant documents in the corpus; interactive TREC precision is the number of TREC 
relevant documents viewed by the user divided by the total number of documents 
viewed. 

Multi-level Relevance and Rank Measures 
The traditional IR performance measures do not take into account that relevant docu-
ments appearing further down on the results list are likely to be less useful because 
users are less likely to view them. The user needs to put in some effort to get to those 
documents and by the time the user arrives at the document its content may be less 
valuable because of what the user has learned on the way to the document. Although 
MAP was created to address the ordering problem in systems-centered research, it 
still maintained some of the problematic assumptions of the traditional IR perform-
ance measures [48]. The following measures have consequently been proposed: 

• J¨arvelin and Kek¨al¨ainen’s cumulated gain measures [44-45]. 
• Borlund and Ingwersen’s ranked half-life measures [14]. 
• Cooper’s expected search length [12], [20]. 
• Dunlop’s expected search duration [27]. 
• Losee’s average search length [54]. 
• K¨aki and Aula’s immediate accuracy [47]. 

Time-Based Measures 
Time-based measures are often used as indicators of efficiency. It is worth noting that 
effectiveness (performance), efficiency and satisfaction are standard usability meas-
ures. Although the three measures are interrelated, they can also be looked at sepa-
rately. Efficiency will be looked at again later when describing usability measures. 

• K¨aki and Aula [47] describe two time-based IR measures that are relevant to 
Human-Computer Interaction, namely search speed and qualified search 
speed. Although the measures are based on answers not relevant documents, 
they can be extended to cover retrieval itself. 

• Cleverdon et al. [18] describe the response time of the system. 

Informativeness 
Informativeness is a measure for evaluating search results by focusing on relative 
evaluations of relevance rather than absolute measures [70-72]. Although informa-
tiveness measure has not yet been validated, renewed interest in the measure will 
perhaps lead to its validation and adoption. 
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Cost and Utility Measures 
A number of authors such as Cooper [21] and Salton [63], [61] have proposed cost 
and utility measures. 

Contextual Measures 
“Much less attention has been paid to contextual aspects of end-user searching of 
electronic information systems, by either librarians or information scientists.” [24]. 
There exists research evidence, such as seen in Saracevic and Kantor [67] and Dal-
rymple [23], acknowledging the importance of the user’s context in information re-
trieval. 

User Characteristics 
Measuring user characteristics (or sometimes referred to as individual differences) 
separately from the search process can enable the researcher to use them to predict 
performance or to explain differences in performance [15]. 

• Fenichel [31] highlights common measures of user characteristics including: 
sex of subject, age, college major, profession, level of computer experience, 
and level of search experience. 

• Ford et al. [32] propose Internet perceptions and cognitive complexity as ad-
ditional measures of user characteristics. 

• Kelly [48] proposes the following additional measures of user characteristics: 
intelligence, creativity, personality, memory, and cognitive style.  

Measures of Information Needs 
There are also IR measures that characterize the information need. For instance: 

• Task-related measures (e.g. task-type, task familiarity, task difficulty and 
complexity) 

• Topic-related measures (e.g. topic familiarity and domain expertise) 
• Persistence of information need 
• Immediacy of information need 
• Information-seeking stage 
• Purpose, goals and expected use of the results 

Interaction Measures 
Interaction measures are used to describe the activities and processes that subjects 
engage in during information retrieval. Interaction measures include: 

• Number of queries 
• Number of search results viewed 
• Number of documents viewed 
• Number of documents saved 
• Query length 
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Since most interaction measures are counts, they can be combined to form other 
measures. For instance, the number of documents saved can be divided by the number 
of documents viewed [48]. 

Usability Measures 
Usability is the extent to which users can use a system with effectiveness, efficiency 
and satisfaction to accomplish a task in a specified context of use [43]. Although there 
exist other definitions of usability, the ISO definition is one of the most commonly 
used. 

Effectiveness 
This is the extent to which the user is able to reach goal while using the system. The 
most common way for measuring effectiveness in HCI studies has been by measuring 
error rate and binary task completion [39]. In information retrieval, effectiveness can 
be measured by using appropriate measures from the performance measures that were 
described earlier (for instance: interactive precision and interactive recall), and also 
by eliciting self-reported data from subjects about their perceptions of performance. 

Efficiency 
Efficiency refers to how fast the user takes to finish tasks using the system. One of the 
most common ways for measuring efficiency is by recording the time it takes a sub-
ject to complete a task [39]. Efficiency can therefore include measures such as: 

• The overall time the subject takes 
• Amount of time the subject spends doing specific things 
• Amount of time the subject spends in specific or different modes 

 
In addition to the foregoing efficiency measures, and like with effectiveness, effi-
ciency can also be measured by eliciting self-reported data from subjects about their 
perceptions of efficiency. 

Satisfaction 
Satisfaction assesses how much the user is satisfied with the system. Satisfaction can 
be viewed as the contentment, fulfilment or gratification that users experience when 
they accomplish particular goals or desires. 

Other User-Relevant Measures 
Besides the standard usability measures, there are other possible user-oriented meas-
ures that are relevant to information retrieval evaluation. They include: 

• Preference 
• Mental effort and cognitive load 
• Flow and engagement: Flow is a “mental state of operation in which a per-

son is fully immersed in what he she is doing, characterized by a feeling of 
energized focus, full involvement, and success in the process of the activity.” 
[22], and engagement is “a quality of user experiences with technology that 
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is characterized by challenge, aesthetic and sensory appeal, feedback, novel-
ty, interactivity, perceived control and time, awareness, motivation, and in-
terest and affect” [58]. 

• Learning and cognitive transformation: The focus here is on the extent to 
which the system helps users learn about a particular topic. 

In line with the foregoing discussion, the metrics that are appropriate to Human-
Computer Interaction in Information Retrieval evaluation can be categorized as seen 
in Table 2. 

Table 2. Categorization of measures appropriate to HCI in IR evaluation 

Categorization of measures appropriate to HCI in IR evaluation 

Performance measures • Traditional IR performance measures [76] 

 Recall 

 Precision 

 F-measure 

 Average precision (AP) 

 Mean average precision (MAP) 

 Geometric average precision (GMAP) 

 Precision at n 

 Mean reciprocal rank (MRR) 
• Performance measures for interactive information 

retrieval [74-75] 

 Interactive recall  

 Interactive user precision 

 Interactive TREC precision 

 Relative relevance (RR) 

• Multi-level relevance and rank measures 

 Cumulated gain measures [44-45] 

 Ranked half-life measures [14] 

 Expected search length [12], [20] 

 Expected search duration [27] 
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 Average search length [54] 

 Immediate accuracy [47] 

• Time measures 

 Search speed [47] 

 Qualified search speed [47] 

 Response time of the system [18] 

• Informativeness [70-72] 

• Cost and utility measures [21], [63], [61] 

Contextual measures • User characteristics 

 Sex of subject, age, college major, profes-

sion, level of computer experience, and 

level of search experience [31] 

 Internet perceptions and cognitive com-

plexity [32] 

 Intelligence, creativity, personality, mem-

ory, and cognitive style [48] 

• Measures of information needs [48] 

 Task-related measures (e.g. task-type, task 

familiarity, task difficulty and complexity) 

 Topic-related measures (e.g. topic familiar-

ity and domain expertise) 

 Persistence of information need 

 Immediacy of information need 

 Information-seeking stage 

 Purpose, goals and expected use of the re-

sults 

Interaction measures •  Number of queries 

•  Number of search results viewed 

•  Number of documents viewed 
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•  Number of documents saved 

•  Query length 

•  Combinations of such measures 

Usability measures • Effectiveness [39] 

 (Note it can be measured using appropriate 

performance measures e.g. interactive re-

call, interactive precision, interactive 

TREC precision, informativeness, cost, 

utility, etc)  
• Efficiency [39] 

 Overall time the subject takes 

 Amount of time the subject spends doing 

specific things 

 Amount of time the subject spends in spe-

cific or different modes 

 Etc 

• Satisfaction 

• Other relevant measures 

 Preference 

 Mental effort and cognitive load 

 Flow [22] 

 Engagement 

 Learning and cognitive transformation [58] 

2.2 Models and Theories 

An information retrieval system can in general be viewed as one that consists of a 
“device interposed between a potential user of information and the information col-
lection itself” [34], containing three major components: 

1. Database 
2. Communication channel or interface between the user and the database, and 

which has: 

• A physical component for facilitating interaction. 
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• A conceptual component that guides the user on how to interact with the 
information structure and search mechanisms. 

3. User 

According to Hansen [33], IR research is moving from text representations and re-
lated techniques to also include studies of the users and their information needs, be-
haviour and strategies, and interaction processes. 

Information Foraging Theory 
Information foraging theory is a theory proposed by Pirolli and Card [59] that de-
scribes information retrieval behaviour. The theory is derived from the evolutionary 
ecological explanations of food-foraging strategies in anthropology and behavioral 
ecology. It is based on the analogy of an animal deciding what to eat, where it can be 
found, the best way to obtain it and how much "energy" the meal will provide (how 
filling the meal will be) as illustrated below: 

"Imagine a predator, such as a bird of prey, that faces the recurrent problem 
of deciding what to eat, and we assume that its fitness, in terms of reproduc-
tive success, is dependent on energy intake. Energy flows into the environ-
ment and comes to be stored in different forms. For the bird of prey, different 
types of habitat and prey will yield different amounts of net energy (energetic 
profitability) if included in the diet. Furthermore, the different food-source 
types will have different distributions over the environment. For the bird of 
prey, this means that the different habitats or prey will have different access 
or navigation costs. Different species of birds of prey might be compared on 
their ability to extract energy from the environment. Birds are better adapted 
if they have evolved strategies that better solve the problem of maximizing 
the amount of energy returned per amount of effort. Conceptually, the optim-
al forager finds the best solution to the problem of maximizing the rate of net 
energy returned per effort expended, given the constraints of the environment 
in which it lives." [59, p. 8) 

Humans may be considered to be "informavores" that constantly make decisions on 
what kind of information to look for, whether to stay at the current site/place to try to 
find additional information or whether they should move on to another site/place, 
which path or link to follow to the next information site/place, and when to finally 
stop the search. Central to the information foraging theory is the concept of "informa-
tion scent". Just like animals rely on scents to indicate the chances of finding prey in 
current area and guide them to other promising patches, humans rely on various cues 
in the information environment to get similar answers. Humans estimate how much 
useful information they are likely to get on a given path or direction, and after seeking 
information they compare the actual outcome with their predictions. When the infor-
mation scent stops getting stronger (i.e., when users no longer expect to find useful 
additional information), the human users move to a different information source. 

Berrypicking Model 
The berrypicking model [6] acknowledges that searches are evolving and occur bit by 
bit. Users constantly change their search terms in response to the results returned from 
 



60 T. Catarci and S. Kimani 

the IR system. The very act of searching gives feedback which may cause users to 
modify their cognitive model of the information being searched for. Moreover, infor-
mation retrieval can be bit by bit. Therefore, the query is satisfied not by a single final 
retrieved set of results, but by a series of selections of individual references and bits 
of information at each stage of the ever-modifying search. The model therefore uses 
the analogy of picking huckleberries or blueberries in the forest. The berries tend to 
be scattered on the bushes and do not often come in bunches. They need to be picked 
one at a time. 

Ingwersen’s Cognitive Model 
The traditional model of IR systems represents IR as a two prong set (system and user) 
of elements and processes converging on comparison or matching. One attempt to im-
prove on the traditional IR model is made by Peter Ingwersen in his cognitive model 
[41]. IR interaction is viewed as a set of cognitive processes, which involves system 
characteristics (representational and retrieval techniques), the user's situational charac-
teristics and the functionalities of the user interface/intermediary.  The cognitive view-
point of IR embraces the complexity inherent in IR when users are involved and focuses 
attention on the cognitive activities that take place during information seeking and re-
trieval, and user information, user-system interactions [41]. Ingwersen and J¨arvelin 
[42] identify five central and interrelated dimensions of the cognitive viewpoint: 

1. Information processing takes place in senders and recipients of messages; 
2. Processing takes place at different levels; 
3. During communication of information any actor is influenced by its past and 

present experiences (time) and its social, organizational and cultural envi-
ronment; 

4. Individual actors influence the environment or domain; and 
5. Information is situational and contextual. 

While it is clear in viewing these dimensions that the cognitive viewpoint focuses on 
the user, Ingwersen and J¨arvelin [42] are careful to point out that the cognitive view-
point is not just about users’ cognitive structures, but also about the numerous other 
cognitive structures represented in the IR system. For instance, cognitive structures 
represented by document authors and IR system developers. 

Belkin’s Episodes Model 
This model concentrates on what happens in interaction as a process. Ingwerson’s 
model focused on elements. Belkin’s episodes model [7] views interaction as a series 
of episodes where a number of different things happen over time. For instance:  

• Processes of judgement, use, interpretation, etc depending on user’s goals, 
tasks.  

• Processes of navigation, comparison, summarization, etc. 
• Involving different aspects of information and information objects. 

The user's interaction with the information system is the central process, which should 
be understood as interaction, especially as human-computer interaction. 
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Belkin’s Evaluation Model for IRR 
Belkin et al. [8] suggest an evaluation model and methodology grounded in the nature 
of information seeking and centred on usefulness. The model assumes that in accom-
plishing the general work task and achieving the general goal, the user engaged in 
information seeking goes through a sequence of information interactions, each having 
its own short term goal that contributes to achieving the general goal. The model is 
illustrated in Fig. 2. 

 

Fig. 2. Belkin’s evaluation model for IRR 

Saracevic’s Stratified Model of IR Interaction 
The stratified model starts with assumptions that: 

• Users interact with IR systems in order to use information 
• The use of information is connected with cognition and then situational ap-

plication. 

Saracevic [65-66] proposed and enhanced the stratified interaction model whereby 
interaction of the interplay among different levels of users and systems is the central 
component. While users engage in cognitive, affective, and situational levels of inter-
action, system involvement includes engineering, processing, and content-level.  The 
complexity and dynamic interaction process requires changes and adaptations from 
both the user and system side. 

Ellis’ Model of Information-Seeking Behaviours 
Ellis’ model [28-29] concentrates on the behavior instead of on cognitive activities. 
The model has six key components which correspond to types of information-seeking 
characteristics: 1) starting, 2) chaining, 3) browsing, 4) differencing, 5) monitoring, 
and 6) extracting. In a more recent work, Ellis and Haugan [30] further modeled the 
information-seeking patterns of engineers and research scientists in relation to their 
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research activities in different phases and types of projects, and identified similar 
behavior patterns. 

Kuhlthau’s Model 
Kuhlthau [50-51] has proposed a model that describes the tasks involved in the infor-
mation seeking process from a psychological perspective, containing affec-
tive/feelings, cognitive/thoughts, and physical/action activities. The model actually 
complements Ellis’ model by attaching to stages of the ‘information search process’ 
the associated feelings, thoughts and actions, and the appropriate information tasks. 
The stages of Kuhlthau's model are initiation, selection, exploration, formulation, 
collection and presentation. 

Other Specific Evaluation Models and Frameworks 

Allen’s Model 
This model [3] which is shown in Table 3 offers a framework that can be used to sup-
port and guide IR evaluation. 

Table 3. Allen’s model 

Component Method Task
Resource 
Analysis 

Description of information 
system functionality 

Describe resources used to com-
plete the tasks 

User Needs 
Analysis 

• Questionnaire (qualita-
tive and quantitative da-
ta) 

• Log statistics (quantita-
tive data) 

• Users goals, purpose, objec-
tives, actions, individual 
preferences 

• Measures like time, number 
of actions, and type of ac-
tions 

Task analysis Hierarchical Task Analysis Users tasks, goals and activities 
that they accomplish when meet-
ing their needs 

User Modeling  Merging needs, user tasks and 
goals, and system tasks 

Designing for 
usability 

Requirement lists (qualita-
tive data) 

Requirements for user interface 
redesign 

Ahmed et al.’s User-Centred Approach to the Design and Evaluation of IR Interfaces 
Ahmed et al. [1] have proposed a user-centred approach for designing IR interfaces. 
The approach is based on performing the following: 

1. A competitive analysis of an existing IR system to perform usability testing. 
2. A user task analysis based on activities during usability test. 
3. An initial prototype design drawn from task analysis. 
4. A heuristic evaluation of the initial prototype design. 
5. An interactive prototype design, incorporating input from heuristic evaluation. 
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6. A formative evaluation of the interactive prototype using task scenarios. 
7. A revised prototype design based on formative evaluations, and finally. 
8. A summative evaluation of the final prototype design and a comparison of 

the results with the results of competitive analysis for performing the same 
tasks. 

IIR (Interactive Information Retrieval) Evaluation Model 
Borlund [13] proposes the IIR evaluation model whose key elements are the use of 
realistic scenarios (referred to as simulated work task situations), and the (call for) 
alternative performance measures such as the ones that were described earlier. 

The information retrieval theories and models can be categorized as summarized in 
Table 4. 

Table 4. Categorization of IR theories and models 

General approach Specific view of IR Examples of theo-
ries/models 

Cognitive Elements • Ingwersen’s cognitive 
model [41]: IR viewed 
as a set of cognitive 
processes (i.e. ele-
ments of cognitive 
processes). 

Interaction User’s interaction with 
system as episodes 

• Belkin’s episodes 
model [7]: Focuses on 
user’s interaction with 
IR system, where in-
teraction is viewed as a 
series of episodes. 

• Belkin’s evaluation 
model for IRR [8]: IR 
interaction viewed as a 
series information in-
teractions each with a 
short term goal that 
contributes to achiev-
ing the general goal. 

Complex and dynamic 
interplay of users and 
systems 

• Saracevic’s stratified 
model of IR interaction 
[65-66]: IR interaction 
viewed as the interplay 
among different levels 
of users and systems 
requiring changes and 
adaptations. 
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Table 4. (Continued) 

Behaviour Standard • Ellis’ model [28-29]: 
IR viewed as some 
specific information-
seeking behaviour or 
activities. 

 Extended • Kuhlthau’s model [50-
51]: complements 
Ellis’ model by includ-
ing the associated feel-
ings, thoughts and ac-
tions. 

 Ecological • Information foraging 
theory [59]: IR viewed 
analogically as evolu-
tionary ecological 
food-foraging behav-
ioral strategies. 

• Berrypicking model 
[6]: IR viewed as 
evolving and occurring 
bit by bit, analogous to 
picking huckleberries 
or blueberries in the 
forest. 

3 Framework for Usability Evaluation in Information Retrieval 

A framework for the usability evaluation of an Information Retrieval system would 
entail aspects or parameters such as described in the sequel. 

3.1 Participants 

HCI Experts 
It is common in HCI to involve HCI experts in evaluating interactive systems. This is 
normally done during the early phases of the design process. Evaluation methods that 
involve HCI experts are referred to as expert-based methods. They include: heuristic 
evaluation and cognitive walkthrough. This approach to evaluation where the partici-
pants are HCI experts is relevant also specifically to IR systems. 

Users 
It is also useful to conduct evaluations whose participants are the intended users of the 
IR system. According to Siatri [68], it is interesting to note that the first user studies 
were investigating people’s information seeking needs [73], [10]. There are many 
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different types of evaluations where the participants are the intended users, for in-
stance usability tests, observational methods (e.g., think-aloud and stimulated recall), 
query techniques (e.g., questionnaires and interviews), physiological monitoring 
methods (e.g., eye tracking, measuring skin conductance, measuring heart rate), etc. It 
is worth noting that involving the intended users in the evaluation of the IR system 
makes the evaluation set up more closely resemble the actual information retrieval 
processes and settings users would experience in the real world. 

Surrogate Users 
Sometimes it is extremely difficult to find and recruit actual users to participate in an 
evaluation. For example: high-powered individuals, national intelligence personnel, 
etc. In such cases, it is often better to involve surrogate users as a proxy for the actual 
users than not to conduct a user-based evaluation at all. It is however important to 
appropriately manage risks associated with surrogate users [52]. For instance: surro-
gate users should as much as possible resemble the actual users i.e. they should share 
key and relevant characteristics with the actual users. 

There exist many methods for recruiting participants for IR evaluations, including 
newspaper advertising, posting signs, sending solicitations to mailing list, online ad-
vertising, using market research companies, etc. An interesting development in this 
area is the use of crowdsourcing, for instance through Mechanical Turk [4]. 

3.2 Tasks 

During the evaluation of information retrieval systems, it is important to ensure that 
the set up is close to the actual information retrieval processes and contextual aspects 
users would experience in the real world. One way of introducing this realism is by 
involving the potential users in the evaluation of the IR system, as was mentioned 
earlier. Another way is by appropriately incorporating user tasks in the evaluation. 
The tasks can take many forms, for instance: standard tasks in information retrieval, 
real world work tasks, and simulated work tasks. 

Standard Tasks in Information Retrieval 
During information retrieval, users primarily engage in the following typical tasks 
[62],[5]: 

• Formulation and submission of a query, 
• Examination of the results, with a 
• Possible feedback loop to re-formulate the query, and 
• Integration of search results and evaluation of the whole search. 

Each task or step indicates some statement of user requirement i.e. what the goal-
directed user is trying to do with the system [46]. 

Simulated Work Task Situations 
Borlund [13] proposes evaluation model for interactive information retrieval systems, 
whose key elements are the use of realistic scenarios that simulate real world work 
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task situations. The scenarios are referred to as simulated work task situations. A 
simulated work task situation is a semantically rather open description of a scenario of 
a given IR requiring situation. A simulated work task situation is aimed at triggering 
and developing a simulated information need by allowing for user interpretations of 
the situation, leading to cognitively individual information need interpretations as in 
real-life. Research suggests that a simulated work task situation is more time consum-
ing for the participants because it requires them to complete an additional and more 
complex task beyond finding relevant documents [48]. The additional task is to actu-
ally use the information in a manner that matches the user model behind the search 
task. It is therefore important to ensure that the simulated work task situations that the 
participants are presented with are not overly involving or tedious. 

3.3 Measures 

We had previously, in Section 2.1, described in detail the metrics or measures that are 
appropriate to Human-Computer Interaction in Information Retrieval evaluation. In 
the sequel we focus on the measures that would be relevant specifically to the usabil-
ity evaluation of IR systems. 

Standard Usability Measures 

Effectiveness 
In information retrieval evaluation, effectiveness can be measured by eliciting self-
reported data from users about their perceptions of performance. Effectiveness in 
information retrieval can also be measured by using appropriate measures from the 
performance measures that were described previously. In particular: 

• interactive recall 
• interactive precision 
• interactive TREC precision 

Efficiency 
In information retrieval evaluation, efficiency can be assessed using such measures 
as: 

• The overall time the user takes 
• The time the user takes doing specific things 
• The time the user takes in specific or different modes 

Efficiency can also be measured in information retrieval by eliciting self-reported data 
from users about their perceptions of efficiency. 

Satisfaction 
In information retrieval evaluation, satisfaction can be measured by eliciting self-
reported data from users about their level of contentment, fulfilment or gratification as 
a result of using or interacting with the information retrieval system. 
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Interaction Measures 
Interaction measures are relevant to usability evaluation of information retrieval sys-
tems. They include: 

• Number of queries 
• Number of search results viewed 
• Number of documents viewed 
• Number of documents saved 
• Query length 
• Appropriate combinations of the above measures 

It is worth pointing out that interaction measures can be resourceful when assessing 
effectiveness. 

User Characteristic Measures 
It is important to measure user characteristics when conducting usability evaluation of 
information retrieval systems. Such information can for instance enable the researcher 
explain differences (such as in effectiveness) between different users. Measures of 
user characteristics could include: sex, age, profession, computer experience, search 
experience, Internet perceptions, cognitive style, etc. 

Information Need Measures 
Measures of information need are important when conducting usability evaluation of 
information retrieval systems. Such measures can for instance enable the researcher to 
predict or explain efficiency and effectiveness regarding particular topics. Information 
retrieval measures that characterize the information need include: 

• Task-related measures (e.g. task-type, task familiarity, task difficulty and 
complexity) 

• Topic-related measures (e.g. topic familiarity and domain expertise) 
• Persistence of information need 
• Immediacy of information need 
• Information-seeking stage 
• Purpose, goals and expected use of the results 

Other User-Relevant Measures 
There are also other measures that are closely related to the standard usability meas-
ures, and are therefore relevant to the usability evaluation of information retrieval 
systems. They include: 

• Preference 
• Mental effort and cognitive load 
• Flow and engagement 
• Learning and cognitive transformation 

 
 



68 T. Catarci and S. Kimani 

3.4 Evaluation Method(s) 

There exist many methods that can be used for usability evaluation. Although there 
are several different ways of classifying them, they can generally be categorized as 
expert-based evaluation methods and user-based evaluation methods. User-based 
evaluation methods include: usability tests, observational methods (e.g. think aloud, 
stimulated recall/post-task walkthrough, transaction logging), query techniques (e.g., 
questionnaires and interviews), and physiological monitoring methods (e.g., eye 
tracking, measuring skin conductance, measuring heart rate). Expert-based evaluation 
methods include: heuristic evaluation and cognitive walkthrough. 

After collecting the evaluation data, there are some basic things one should do be-
fore embarking on the actual data analysis [25], including: 

• Looking at the data: A simple glance at the data could be all that is neces-
sary. 

• Saving the data: One might need to do more analysis in the future. 

According to Dix et al. [25], the choice of the statistical technique for data analysis 
depends on factors such as: 

• The questions we want to answer e.g., “Is there a difference?” (e.g., is one IR 
system better than another?), “how big is the difference?”, “how accurate is 
the estimate?” 

• Type of data/variables e.g. discrete data vs. continuous data; number of inde-
pendent variables vs. number of dependent variables. 

In the following we highlight important considerations when using some specific 
methods in the usability evaluation of information retrieval systems. 

Heuristic Evaluation vs. Usability Testing 
Doubleday et al. [26] compared heuristic evaluation with user testing on an IR sys-
tem. The expert evaluators identified 86 usability problems whereas 38 problems 
were identified in the user testing. However, not all of the 38 problems found by user 
testing were identified by the expert evaluators. Some genuine problems would there-
fore have gone undetected if there had been no user testing. Another example is re-
ported by Cogdill [19], where the expert evaluators identified 27 usability problems 
compared to 21 problems found in the usability test. Cogdill also noted that using 
both heuristic evaluation and usability testing resulted in a high degree of comprehen-
siveness in the study. It is therefore worth pointing out that expert-based and user-
based evaluation methods can play a complementary role in evaluating information 
retrieval systems. 

Transaction Logging 
Although transaction logging is one of the oldest and most common methods for col-
lecting data when evaluating interactive information retrieval systems, the recent ex-
plosion of studies using Web transaction log data has re-popularized the approach. 
The method relies on computer and Web monitoring tools in order to collect logs 
characterizing user’s interaction with the system. There are various types of logging 
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including: system, proxy, server, and client logging. The researcher however needs to 
be aware of the following main challenges when using transaction log data: ensuring 
the validity and reliability of the logger, extracting and preparing data generated by 
the logger, and interpreting the data [48]. Most transaction logging tools can run in 
the background while the user interacts with the information retrieval system, without 
causing any distractions or disruption. Transaction logging is therefore a potentially 
useful observational method because it can capture users’ natural search behaviours 
without interrupting them. Transaction logs can also be resourceful in providing an 
objective dimension to the information retrieval evaluation measures that the research 
is interested in. 

Questionnaires 
Questionnaires are common in information retrieval evaluations.  Questionnaires can 
be used at various points during an evaluation of an IR system. Consequently there 
are several types of questionnaire, for instance: screening questionnaire, pre-study 
questionnaire, and post-study questionnaire. Questionnaires can be administered elec-
tronically or manually (pen-and-paper). Kelly et al. [49] found that in the context of 
interactive information retrieval evaluation, subjects’ responses to closed-questions 
were significantly more positive when elicited electronically, than manually. 

Interviews 
Research suggests that in information retrieval evaluation, interviews are more appro-
priate when one is asking complex, abstract questions than when one is asking rela-
tively easy questions [49]. Interviews can also be useful in information retrieval 
evaluation during simulated recall/post-task walkthrough [48]. 

Think-Aloud 
In think-aloud the user is expected to perform an information retrieval task and at the 
same time articulate their thoughts as they carry out the task. One of the challenges 
with the think-aloud is that users may have a difficult time simultaneously articulating 
their thoughts and carrying out the information retrieval task that they have been 
given. In many evaluations, the information retrieval system is novel. Users may 
therefore not be able to handle the additional cognitive demands placed by think-
aloud, while they are also learning how to interact with the system. Some researchers 
have proposed that subjects complete a short training task before they start searching 
in order to get accustomed to think-aloud [48]. It is worth noting that stimulated recall 
(i.e. post-task walkthrough) can serve as an alternative to think-aloud. In stimulated 
recall, the researcher records the screen of the computer as the user performs the 
searching task. After the searching task is complete, the recording is played back to 
the user who is then asked to articulate their thoughts and decision-making as the 
recording is played. 

The kinds of parameters that would be typically expected in a framework for the 
usability evaluation of an Information Retrieval system are summarized in Table 5. 
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Table 5. Parameters expected in a framework for the usability evaluation of IR systems 

Evaluation aspect Parameters 

Participants • HCI experts 
• Users 
• Surrogate users 

Tasks • Standard tasks in information retrieval e.g.  
 Formulation and submission of a query, 
 Examination of the results, with a 
 Possible feedback loop to re-formulate the 
query, and 
 Integration of search results and evaluation 
of the whole search [62], [5] 

• Simulated work task situations [13] 
Measures • Standard usability measures 

 Effectiveness (interactive recall, interactive 
precision, interactive TREC precision, informa-
tiveness, cost, utility, etc) 
 Efficiency (overall time user takes, time 
user takes doing specific things, time user takes 
in specific or different modes, etc) 
 Satisfaction 

• Interaction measures e.g. 
 Number of queries 
 Number of search results viewed 
 Number of documents viewed 
 Number of documents saved 
 Query length 
 Appropriate combinations 

• User characteristic measures  e.g. 
 Sex 
 Age 
 Profession 
 Computer experience 
 Search experience 
 Internet perceptions 
 Cognitive style 

• Information need measures e.g. 
 Task-related measures (task-type, task fa-
miliarity, task difficulty, complexity, etc) 
 Topic-related measures (topic familiarity 
and domain expertise, etc) 
 Persistence of information need 
 Immediacy of information need 
 Information-seeking stage 
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 Purpose, goals and expected use of the re-
sults 

• Other relevant measures e.g. 
 Preference 
 Mental effort and cognitive load 
 Flow and engagement 
 Learning and cognitive transformation 

Evaluation  
method(s) 

• User-based evaluation methods e.g. 
 Usability tests 
 Observational methods (think aloud, stimu-
lated recall/post-task walkthrough, transaction 
logging, etc) 
 Query techniques (questionnaires and inter-
views) 
 Physiological monitoring methods (eye 
tracking, measuring skin conductance, measur-
ing heart rate, etc) 

• Expert-based evaluation methods e.g. 
 Heuristic evaluation 
 Cognitive walkthrough 

4 Conclusions 

In this chapter, we have observed that the traditional methods of evaluating IR sys-
tems have over a long period of time been primarily concerned with system-oriented 
measurements such as precision and recall, but not on the usability aspects of the IR 
system. Moreover, there are no well-established evaluation approaches for studying 
users and their interactions with IR systems. It is therefore important to consider, 
appropriately adjust and invent user interface techniques that can support the user in 
their information retrieval tasks by guiding, supporting and transforming the user’s 
information problems, goals or needs. Human Computer Interaction researchers and 
designers should also endeavour to appropriately use, revise and propose user-
information seeking models and evaluation techniques for information retrieval sys-
tems. In line with that, we have in this chapter described: existing user interface tech-
niques for supporting users to interact with and use information retrieval systems, 
measures that are appropriate to Human-Computer Interaction in information retrieval 
evaluation, existing IR information seeking theories and models, and IR evaluation 
frameworks. We have also described the typical elements that would constitute a 
framework for the usability evaluation of an Information Retrieval system. 

It is worth noting that there are some trends that are not only posing unique chal-
lenges but also providing tremendous opportunities to the IR community and other 
communities including the HCI community. For instance: IR of massive user-
generated content (e.g. microblogs, social network discussion forums data, user-
generated multimedia, etc), user-participation and crowdsourcing in IR, dynamic or 
continuously evolving and growing data (e.g. sensor data), etc. There is a need to 
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realize user interface techniques that can support users in information retrieval tasks 
in the context of such trends. It is also worth noting that such trends challenge stan-
dard approaches to the usability evaluation of IR systems. For instance, crowdsourc-
ing introduces aspects such as collaboration, trust, etc to the standard IR evaluation 
measures. 

All in all, Human-Computer Interaction aspects are important in information re-
trieval. Efforts aimed at appropriately incorporating HCI techniques in IR can realize 
IR systems that meet and possibly exceed the needs of the intended users. 
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