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During the Information Search and Retrieval (ISR) process, user-system interactions such as submitting queries, examining results, and
engaging with information, impose some degree of demand on the user’s resources. Within ISR, these demands are well recognised,
and numerous studies have demonstrated that the Cost, Effort, and Load (CEL) experienced during the search process are affected by a
variety of factors. Despite this recognition, there is no universally accepted definition of the constructs of CEL within the field of ISR.
Ultimately this has led to problems with how these constructs have been interpreted and subsequently measured. This systematic
review contributes a synthesis of literature, summarising key findings relating to how researchers have been defining and measuring
CEL within ISR over the past 50 years. After manually screening 1,109 articles, we detail and analyse 91 articles which examine
CEL within ISR. The discussion focuses on comparing the similarities and differences between CEL definitions and measures before
identifying the limitations of the current state of the nomenclature. Opportunities for future research are also identified. Going forward,
we propose a CEL taxonomy that integrates the relationships between CEL and their related constructs, which will help focus and
disambiguate future research in this important area.
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1 INTRODUCTION

During the Information Search and Retrieval (ISR) process, the user submits queries, examines results, and engages
with information to make a decision [8]. All of these user-system interactions impose some degree of demand on the
user’s internal (i.e., memory, attention) and external resources (i.e., time, money). In an ideal situation, the user has an
abundant stream of resources to overcome these demands and find the perfect information to serve their information
need. However, this is rarely the case. Rather, these internal and external resources are limited in capacity and the
user must therefore make decisions during the ISR process based on these limitations. The demands imposed during
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the search process are well recognised, and numerous studies have demonstrated that the cost, effort, and load (CEL)
experienced during the search process is affected by not only the search task [27, 91, 120], but also the system [21, 23, 37]
and the individual characteristics [24, 57] of the user. Despite this recognition, our recent perspectives paper [97]
highlighted two prominent challenges facing the ISR community in regard to CEL research. The first challenge relates
to the general lack of consensus regarding cost, effort, and load definition, which has ultimately left the field with no
universal definitions to describe these constructs. The second challenge relates to the scarcity of gold standard measures
to examine these constructs. As conceptualisation precedes operationalisation, the latter challenge cannot be overcome
without resolving the former. With these challenges at the forefront, a key aim of this systematic review is to build
on our previous work, by providing a richer and more comprehensive analysis of the existing CEL literature within
ISR. To this end, the scope of this review extends the literature analysis beyond studies which explicitly measure CEL
constructs by also including studies which less overtly examine these constructs within an ISR context. In gaining a
fuller understanding of CEL definition and measurement in ISR, the two principle goals of this review are to (1) work
towards establishing clearer definitions of these constructs, which in turn, should (2) inspire critical evaluation of
existing measures and their use within future CEL research. To our knowledge, this is the first systematic review which
attempts to characterise and analyse how cost, effort, and load have been defined and measured within the field of ISR.
This in turn raises a number of issues central to the use of CEL definitions and the effectiveness of measures in CEL
assessment, which are key to understanding and supporting ISR.

2 BACKGROUND

2.1 Scope of Cost, Effort, and Load Research in ISR

For over 50 years, measures of cost and effort have been included within Information Retrieval (IR) evaluation frameworks,
highlighting their importance among other evaluation measures such as precision and recall. Cost is frequently
considered within ISR as the amount of time spent, or the number of interactions performed. This may indicate
that users place great value on the time they spend searching, or that researchers consider time and the number of
interactions performed as a relatively easy to collect measure of cost. As early as 1968, Miller [100] proposed the
2-second rule – which states that an interactive system should take no longer than two-seconds to respond in order to
keep the users focus and attention on the current task. Similar observations were made in later studies, which found
that delays in network and download speeds can have a detrimental effect on users’ perception of usefulness and their
interactions with web pages [32, 44, 103]. A study examining the effects of time delays on the Google search engine
found that even a relatively small delay of 400ms in returning search results led to a reduction in the number of searches
conducted by 0.59% over the course of 6-weeks [16]. Additional studies revealed similar findings, highlighting that as
the cost of querying increases, the number of queries issued by the user will decrease [8, 96].

It seems that in high-cost situations, the user will attempt to preserve the effort they exert (i.e., by issuing less
queries, viewing less pages, spending less time on a webpage) and are willing to accept fewer sources of information (i.e.,
webpages) to avoid exerting more effort. As more effort (i.e., cognitive actions such as reading a document; formulating
a search query; examining search results; and also physical actions such as typing a query) is required, these search
decisions are proposed to be based on satisficing - where the individual stops searching for information when the
already acquired information is sufficient to satisfy their information need [94]. This decision-making process, often
referred to as Zipf’s “principle of least effort” Law [145], involves the assessment of the effort required to continue
searching and find more and perhaps better information with respect to the expected utility of that information [94].
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Studies have shown that as demands on available resources increase during the ISR process, users perform less
actions over time and are likely to stop completely if these demands become too high [56]. For example, Azzopardi et al.
[8] found that users searching on the structured interface (considered high cost) issued significantly less queries and
examined significantly more documents per query than those using the lower cost interfaces. Maxwell and Azzopardi
[96] observed a similar finding, with their results indicating that as the relative cost of querying increased, users issued
fewer queries and examined more documents per query. As the information search task becomes more complex, users
perceive higher levels of effort [91] and workload [120], and effort measures have been found to correlate with all
information task characteristics associated with task difficulty (i.e., higher number of steps to achieve the task goal;
intellectual task product; amorphous task goal). In tasks with the highest difficulty level, users are found to perform
fewer actions, clicks, and bookmarks per query Capra et al. [18].

Similarly, as the users primary search goal is often to fulfil their information need, Yilmaz et al. [141] found that
users will not spend time determining if a document is relevant, if they do not find the information they are looking
for quickly or if they believe the relevant information is difficult to consume or process – in these cases, the user will
often give up and move on to another document. Thus, even if a document actually is relevant to a query or the users
information need, the utility of the document to the user will decrease if they have to exert more effort to find and
understand the relevant parts of the document. Gwizdka [52] identified that average cognitive load varies by task
stages and found that cognitive load was at its highest during query formulation and tagging of relevant documents
as compared to examining search results and viewing individual documents. These studies suggest that in high cost
search scenarios, users will most likely exert their effort in task stages of lower demand such as examining results or
individual documents, but they will actively avoid task stages of higher demand such as issuing queries or making
relevance assessments of documents (i.e., bookmarking documents).

Considering the extent to which CEL can influence user search decisions and behaviours, it is not surprising that
much of the research in this area has focused on developing search systems and interfaces which endeavour to reduce
the demands imposed on the user during the search process. For example, users have been found to exert less effort
when using a system which leverages post-retrieval document clustering techniques compared to a system with more
unstructured techniques [21]. When performing a search task on a structured interface, users reported significantly less
workload than those using a standard (traditional) interface [37]. These findings were also consistent in relation to user
effort, where users expend less effort when search results were presented in a visual representation (400 results per
page) vs. a traditional vertical list (10 results per page)[47]. However, while the influence of CEL on user behaviour
and decision-making during the search process is apparent, it is also acknowledged that it may not affect all users in
the same way. For example, users with higher cognitive abilities are found to exert more effort as interface and task
conditions increase in complexity [57]. Similarly, users with high working memory exert more effort during the search
process than their low working memory counterparts [25], and users with high perceptual speed ability experience
lower task demand than those with low perceptual speed ability [14].

While these examples represent only a small number of the studies examining CEL within ISR, it is clear from our
discussion that cost, effort, and load play a key role in the search process - clearly highlighting the importance of
incorporating these constructs into system evaluation frameworks. However, the influence and impact of cost, effort,
and load during the search process cannot be fully understood and recognised until the field reaches a consensus in
relation to their definition, which in turn, will inform more accurate measurement of these constructs.
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2.2 Defining Cost, Effort, and Load

This section aims to provide an overview of CEL constructs and theory, specifically, we present accepted CEL definitions
from Psychology and related fields in an effort to ground our discussions about CEL in ISR.

Research methods from Psychology suggest that in order to establish an appropriate method, it is important that the
measurable construct is sufficiently defined relative to its nominal and operational meaning [113]. Nominal definitions,
also known as conceptualisation, describe the meaning of the construct, whereas operational definitions, also know as
operationalisation, explain precisely how the construct and its elements will be measured [73]. As conceptualisation
precedes operationalisation, significant problems can arise when ambiguous and vague definitions are used. For example,
when a specific term, i.e. effort, is defined in multiple ways then the operational properties which emerge from these
definitions will also vary. As these operational properties dictate which elements of the construct are to be measured,
then it is likely that a variety of different variables will emerge from these properties and later be used by researchers
to measure what they believe to be the “same” construct. In reality, the lack of precision in the conceptual definitions
provided at the outset will likely lead to conceptual overlap, ambiguous measures, and a loss of causality.

For over 50 years, CEL constructs have been discussed and explored extensively across disciplines such as Psychol-
ogy [110, 123, 137], Ergonomics [20, 142], and Human Factors [31, 61]. Yet, universal definitions of these constructs
are still yet to transpire. The rest of this section will briefly present the most commonly accepted definitions of CEL
proposed by disciplines out-with ISR.

2.2.1 Cost. The term “cost” can be considered an abstract construct, assigned a variety of different interpretations
depending on the field of research. In Cognitive Psychology and Neuroscience, cost is mostly referred to in relation
to cognitive or mental costs [39, 135]. Humans are considered to value the effort that they exert - thus effectively
treating the expenditure of effort as costly [136]. Human behaviour often reflects a constant trade-off between effort
and reward [109] - however, the limited capacity of our cognitive resources constrains these trade-offs. Subsequently,
the level of cognitive resources allocated to a specific task at a given moment, must be selected tactically on the basis
of a cost-benefit analysis i.e., “should I spend or conserve my resources to achieve this goal?” [109]. Cost is often
operationalised in these scenarios as “energy” or “fatigue” [12] - where individuals are hypothesised to only exert
energy on tasks when these energetic costs are comparably low and reward benefits are comparably high. Cost-benefit
analyses underlie much of the discussion surrounding the construct of cost. The Behavioural Economic approach
assigns monetary value to quantify the costs involved in low vs. high effort tasks [135]. Temporal costs have also been
considered in the trade-off process - where time is perceived as expensive, effort expenditure should be directed towards
faster processes (at the expense of accuracy) to achieve the task goal [109]. While different fields of research discuss cost
in different ways i.e. time, money etc., there appears to be a general consensus among perspectives that the exertion of
effort involves the allocation of resources - and that these resources can be operationalised as “costs”.

2.2.2 Effort. Effort, also referred to as mental, cognitive, or physical effort - has been branded one of the most intuitive
and familiar aspects of human cognition [118]. Yet despite this ability to introspect on effort, examining the construct
scientifically has not been an easy endeavour to achieve [118]. While universal definitions of effort are yet to emerge,
there is convergence among the different definitions provided. Early definitions from Psychology describe effort as a
volitional and intentional process which reflects what an individual is actively participating in, rather than what is
passively happening to them [38]. In Cognitive Psychology, effort refers to the level and intensification of either mental
or physical labour in the service of meeting the demands of a task or goal [64]. This implies that effort constitutes the
Manuscript submitted to ACM
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summation of mental labour over time in order to achieve a goal. Similarly, Kirschner [78] defines mental effort as
the “amount of cognitive capacity or resources that is actually allocated to accommodate the task demands”. Definitions
from Evolutionary Psychology, also align effort with the notion of “work”- proposing that individuals choose whether
to exert effort based on the incentives available - akin to a worker who makes the decision to work depending on
incentives such as salary.

2.2.3 Cognitive Load and Mental Workload. While cognitive load and workload evolved independently from within
different disciplines, both constructs are theoretically underpinned by the same core assumptions [108]. Cognitive Load
Theory (CLT) [122] and Multiple Resource Theory (MRT) [137] which emerge from the fields of Educational Psychology,
and Ergonomics and Human Factors, respectively, can be considered the leading theories to describe both cognitive
load and workload constructs. Both theories are similar in that they are closely related by their assumption of limited
mental capacity and competing task demands [122, 137]. Before describing the theories in more detail, it is important to
first address what is meant by the term “demand”. Demand refers to the properties of the task that will regulate how
much physical or mental exertion will be needed [64]. Sweller [121] proposes that contextual demands arise from the
intrinsic qualities of the context (e.g. task difficulty, information presentation) which require resources.

Since its emergence in the 1980s, Cognitive Load Theory (CLT) has been primarily applied within the field of
educational instruction and learning [126]. In CLT, cognitive load is defined as the total amount of mental activity
imposed on the working memory at any given moment [123]. This definition reflects the origins of CLT and its
emergence from the working memory model which emphasises the limited capacity of working memory and the
abundant capacity of long term memory in the human brain [99]. The amount of cognitive load experienced by an
individual is influenced by the number of elements simultaneously interacting within working memory. As working
memory capacity is limited, there is a finite amount of information that working memory can handle at any one time.
Therefore, if too much information occurs at once, the working memory becomes overloaded and the individual will
be less likely to process information [122]. Perhaps the most defining feature of CLT is the discrimination between
three different types of cognitive load; intrinsic (inherent characteristics of the task, i.e. difficulty), extraneous (load
imposed by the context in which in the task is being performed), and germane (load imposed by the construction of
schemas) [30]. These three types of cognitive load are proposed to be additive [111].

Mental workload is perhaps one of the most popular constructs examined in Ergonomics and Human Factors research,
however researchers in the field are still yet to reach a universal consensus regarding its definition [142]. Although
elements of CLT have been used to conceptualise the term “workload”, definitions found in Psychology tend to align
workload to Multiple Resource Theory, particularly in relation to the processes of task switching and allocation of
attention [20]. MRT asserts that the human brain has a fixed quantity of mental resources of various types [125].
These resources can be characterised as a shared pool of energy that can be drawn on for a variety of simultaneous
mental operations, including across different tasks, modalities, and processing [137]. The theory interprets performance
decrements as the depletion of these resource pools which can occur when the performance of two or more tasks require
a single resource [125]. Mental workload is inferred as the allocation of available resources to meet the demands of a
task and the cognitive experience of the individual directly activated by those task demands. [20, 125]. Van Acker et al.
[125] describe mental workload as conceptually very similar to cognitive load - with their underpinning theory as the
only discerning feature. Nevertheless, we can clearly observe that MRT and CLT are closely linked, both conceptualised
by the notion of task demands and resource consumption. As MRT proposes multiple resources available for allocation,
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then perhaps it can be considered as a generalisation of CLT, which proposes the availability of only one cognitive
resource.

2.2.4 How Are Cost, Effort, and Load Related? Cognitive load is considered a multi-dimensional construct encompassing
aspects of both load and effort [85]. Cognitive load is imposed by the demands of the task parameters on our mental
resources at a given point in time, and experienced by the individual. Effort is a volitional response to the load and refers
to the total amount of cognitive resources allocated to attend to the task demands over time in order to achieve some
kind of end goal [30]. Thus the relationship between effort and load appear relatively straightforward - effort is exerted
by the individual, whereas cognitive load is experienced by the individual [30]. In terms of their relationship with
cost, research in the domains of Cognitive Psychology, Neuroscience, and Economics, have widely considered effort,
whether it be physical or mental, as costly [64] - including affective (i.e. fatigue [12]); temporal (i.e. time spent [109]);
and economic costs (i.e. monetary [135]).

2.3 Summary

The discussion so far has highlighted that fields outwith ISR have faced struggles in providing explicit definitions of
cost, effort, and load. Yet despite this general lack of consensus, there is still a clear delineation between these constructs
in relation to their unique qualities. From this, we can also observe the extent to which these constructs relate. In
this systematic review, we use these external representations of cost, effort, and load to ground our analysis of their
treatment within the field of ISR. Not only do we utilise these interpretations as a benchmark to which we can compare
definitions, but they also serve as a basis to examine how the existing measures used within ISR have the ability to
accurately represent and reflect these complex constructs.

3 METHOD

The purpose of this systematic review is to firstly gather, present, and synthesise existing ISR research which discuss
the measurement of cost, effort, and load, and secondly, to highlight the current challenges facing CEL definition and
measurement within ISR. To this end, we hope to achieve our two main goals of: (1) establishing clearer definitions of
these constructs, and (2) to provide a critical evaluation of existing measures and their future use within ISR research.
In order to achieve this, a systematic review was chosen as the method of choice for this article as it has the potential to
identify all of the relevant scholarly research on a particular topic, in an unbiased and reproducible manner. Conducting
the systematic review involved five key steps: (i) formulate research questions; (ii) identify sources from which the
articles would be selected; (iii) develop a search strategy and search terms/keywords; (iv) establish inclusion/exclusion
criteria; (v) develop categories for coding and analysis. Each of these steps are described in more detail in the following
sections.

3.1 Step 1: ResearchQuestions

The following research questions aim to address our key goals outlined in Section 3. These questions were developed
with the purpose of obtaining a broad and detailed understanding of how CEL is currently being defined, measured, and
the relationships between these, across the field of ISR. We aim to use these findings to examine areas of convergence
among researchers regarding definitions, which in turn, can help ground the development of clearer CEL definitions
going forward. These questions will also allow us to critically examine the extent to which the measures used can
Manuscript submitted to ACM
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accurately reflect the conceptual properties of cost, effort, and load indicated by the definitions provided. To this end,
this systematic review seeks to answer the following research questions:

RQ1 How have CEL and their related constructs been defined within ISR? Specifically,
(a) How are ISR researchers using these constructs?
(b) Are there any similarities/differences?
(c) How are ISR researchers using CEL related constructs such as resource and demand?
(d) To what extent are the definitions used informed by existing theory?

RQ2 Which methods have been used/proposed to measure Cost, Effort, and Load within ISR? Specifically,
(a) Which methods to measure CEL are used/proposed within ISR?
(b) What are the investigated dependent variables for CEL measurement within ISR?
(c) What are the investigated independent variables for CEL measurement within ISR?

RQ3 What are the relationships between the different definitions of Cost, Effort, and Load, and the methods used
to measure them? Specifically,
(a) Are there similarities/differences between the construct measured and the methods used to measure it?
(b) How do CEL conceptual categories align with methods and their unit of analysis?

Table 1. Source and Publications Examined in Database Search (T = title only search; A = abstract only search; T-A = title & abstract
search; F-T = full text search)

Source Title # Papers Retrieved # Papers Included for Analysis

Journals
Information Processing & Management (IP&M) 113 (T-A) 5
Journal of the Association for Information Science & Technology (JASIS&T) 5 (T-A) 1
International Journal on Digital Libraries 0 (T) 0
International Journal of Human-Computer Studies (IJCCI) 15 (T-A) 2
Information Retrieval Journal (IRJ) 0 (T) 0
Journal of Information Science 41 (A) 1
Journal of Documentation 100 (F-T) 2
ACM Transactions on Computer-Human Interaction (TOCHI) 5 (A) 1
ACM Transactions on Information Systems (TOIS) 35 (A) 2

Conferences/Workshops
ACM/IEEE Joint Conference on Digital Libraries (JCDL) 71 (A) 3
European Conference on Digital Libraries (ECDL) 28 (F-T) 2
European Conference on Information Retrieval (ECIR) 17 (F-T) 1
ACM International Conference on Information and Knowledge Management (CIKM) 248 (A) 4
ACM International Conference on Intelligent User Interfaces (IUI) 14 (A) 0
Proceedings of the Association of Information Science & Technology (ASIS&T) 7 (T-A) 5
ACM Special Interest Group on Information Retrieval Conference (SIGIR) 169 (A) 12
ACM SIGIR Conference on Human Information Interaction & Retrieval (CHIIR) 32 (A) 10
Information Interaction in Context Conference (IIiX) 11 (A) 5
ACM International Conference on Web Search & Data Mining (WSDM) 57 (A) 2
Conference on Human Factors in Computing Systems (CHI) 79 (A) 2
International Conference on the Theory of Information Retrieval (ICTIR) 23 (A) 3
ACM Conference on Recommender Systems Conference (RecSys) 5 (A) 0
The Australasian Document Computing Symposium (ADCS) 6 (A) 0
The Asia Information Retrieval Societies Conference (AIRS) 1 (F-T) 0
Conference on Human-Computer Information Retrieval (HCIR) 2 (A) 0
European Workshop on Human-Computer Interaction (EuroHCIR) 47 (F-T) 2
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Table 2. Source and Publications Examined in Manual Search (Backwards & Forward Chaining)

Source Title # Papers Included

Journals
Journal of Management Information Systems Quarterly 1
Journal of the American Society for Information Science & Technology (JASIST) 7
Information Research 1
International Journal of Industrial Ergonomics 1
Sensors (MDPI, peer-reviewed open-access journal) 1
Journal of Advances in Human-Computer Interaction 1
Journal of Innovation in Health Informatics 1

Conferences
Proceedings of the International Joint Conference on Web Intelligence and Intelligent Agent Technology (WI-IAT) 1
Proceedings of the ACM Conference on Human Information Interaction & Retrieval (CHIIR) 1
Proceedings of the Information Interaction in Context Symposium (IIiX) 1
Proceedings of the Association for Information Science & Technology (ASIS&T) 5
Proceedings of the International Conference on Multimedia, Interaction, Design & Innovation (MIDI) 1
Proceedings of the ACM International Conference on Digital Libraries 1
Proceedings of the European Conference on Information Retrieval (ECIR) 1
Proceedings of the International ACM SIGIR Conference on Research & Development in Information Retrieval 2
Proceedings of the Human-Computer Interaction & Information Retrieval (HCIR) 1

3.2 Step 2: Sources

The second step involved the identification of sources fromwhich the articles would be selected. This involved identifying
key sources where articles measuring CEL in the context of ISR were most likely to be published. In their systematic
review of Interactive Information Retrieval (IIR) evaluations studies, Kelly and Sugimoto [76] provide a comprehensive
list of 31 sources (17 journals & 14 conference publications), reviewed and approved by four IIR experts. This list was
considered a reliable base from which to select relevant sources for the present review. After discussion with two ISR
experts, 17 sources from the list outlined by Kelly [73] were selected, and 9 additional sources considered appropriate for
the purpose of this review were also included. In total, 26 sources (See Table 1) were selected (9 journals; 16 conferences;
1 workshop). Manual searches were also used as a supplemental approach to the database searches in order to identify
additional studies for review that may have been overlooked in the initial database search. The Cochrane Handbook
recommends manual searching as a useful addition to electronic database search as some articles may not include the
relevant search terms in their title or abstract [128]. In parallel to the primary database search, there is no prescribed or
standard practice for conducting the manual search [128]. The Cochrane Handbook suggests two common strategies of
manual search; (1) manually sifting through entire contents of journal issues or conference proceedings to identify
all relevant papers; (2) scanning reference lists of identified relevant articles for additional relevant articles [105]. The
latter strategy is also referred to as ‘backward chaining’ – i.e., moving backward through a chain of reference lists [48].
Alternatively, ‘forward chaining’ involves beginning with an article citation and then examining an index of authors
who have cited this article i.e., follow the chain in a forward’s direction [48]. Both methods of manual search were used
to identify potentially relevant articles. A total of 26 articles from 16 different sources were identified through manual
search (please refer to Table 2 for an overview of specific journals/conferences).

3.3 Step 3: Search Strategy

The next stage involved keyword searches within the selected literature databases to identify papers. There was slight
variation in search terms depending on the search database used, these are described below. The search term (effort
Manuscript submitted to ACM
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OR cost* OR “mental workload” OR “cognitive load” OR workload) AND (search* OR “information retrieval”
OR “information seeking”) was used for all of the search databases except from the following three: the Journal of
Information Processing & Management (IP&M); the International Journal of Human-Computer Studies (IJCCI); and the
European Workshop on Human-Computer Interaction (EuroHCIR). The IP&M and IJCCI database did not allow search
terms with truncation symbols, therefore the following search term was used; (effort OR cost OR “mental workload”
OR “cognitive load” OR workload) AND (search OR “information retrieval” OR “information seeking”). All
articles within the EuroHCIR database had to be manually searched as the Boolean search function was not available.

The search criteria used also depended on the options provided in each database and therefore differed between
sources. Where possible, the search was refined to ‘title’ and ‘abstract’ search. However, there were instances where
this was not possible, and to avoid missing relevant articles the search was limited to either the ‘title’, ‘abstract’, or in
some cases a ‘full-text’ search (please see Table 1). The database search retrieved a total of 1,083 articles.

3.4 Stage 4: Inclusion/Exclusion Criteria

The aim of this step was to establish and evaluate inclusion and exclusion criteria (see Table 3) which would be utilised
to systematically select and reject articles for review. This took place prior to the literature search. The development
process was initiated with a collection of criteria that aligned with the target article type: the measurement of CEL
in ISR. While the initial list of criteria was considered preliminary and therefore open to refinement as the review
progressed, no additional adaptations to the criteria were made. Perhaps the most important criteria relate to the articles
research topic and scope. Firstly, empirical studies (i.e. uses experimental methods) should measure at least once CEL
construct in an ISR context. Non-empirical articles (i.e. a review article), should propose or describe at least one CEL
construct in the context of ISR. Sources were limited to journals, conference proceedings and workshops. To ensure the
retrieval of higher quality articles, it is necessary that the articles were scholarly publications and had been subject to
peer-review. Both full length research articles and short papers were also included and should be written in English.
While short papers are of a smaller scale, they were included as they are still expected to provide a detailed description
of their methods which is of key interest to the aim of this review. To ensure the full scope of relevant articles were
identified, a specific time frame was not established. Rather, the search was intended to yield articles which used these
constructs from the start of the literature.

Table 3. List of Inclusion Criteria/Exclusion Criteria

Inclusion/Exclusion Criteria

For empirical studies, the article should measure at least one CEL construct in an ISR context.
For non-empirical studies, the article must propose/describe measures for at least one CEL construct in an ISR context.
CEL must be measured/described from a user-sided perspective
The article should be a full-length research article, short paper, or equivalent.
The article should be peer-reviewed and published in either a journal, workshop or conference proceedings.
Time frame: from the start of the literature
Articles must be written in English

The title, abstract, and results section of the 1,083 articles retrieved through the database search were screened using
the inclusion/exclusion criteria. Please refer to Figure 1 for a complete overview of the full literature review process.

While it is common practice in a systematic review to screen only the title and abstract, the focus of this paper on
methods deemed it appropriate to include the results section in the screening process to ensure no relevant articles were
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overlooked. Following the initial screening, 67 articles were found to satisfy the inclusion criteria. Each article was then
read in full to further assess eligibility. Two articles were excluded at this point as they did not measure CEL within an
ISR context. This left 65 articles to be brought forward for analysis. Using these articles as a source, an additional 26
articles were retrieved through manual search; ‘backward chaining’ (N=16), and ‘forward chaining’ (N=10). Table 2,
shows a list of the journals, conferences/workshops where the identified articles were published. In total, 91 articles
were included in the final analysis.
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Fig. 1. Systematic Literature Review Process
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3.5 Stage 5: Categories for Analysis

The categories for coding and analysis were developed according to the key research questions. The following elements
which align with the scope of the research questions were examined and coded as appropriate:

RQ1: How have CEL, and their related constructs been defined within ISR?

• Studies that include/do not include a definition of cost, effort, and load.
• Similarities/differences between the conceptual categories associated with cost, effort, and load.
• Different terminology applied to cost, effort, and load.
• Studies that include/ do not include a definition of resources, demand, and the similarities/differences between
these definitions.

• Studies that reference theory - i.e. Multiple Resource Theory or Cognitive Load Theory.

RQ2: Which methods have been used/proposed to measure CEL within ISR?

• Studies that use only objective methods or subjective methods.
• Studies that use both objective and subjective methods.
• Dependent variables used in objective measurement.
• Questions used in self-designed questionnaires.
• Independent variables used.

RQ3: What are the relationships between the different definitions of CEL, and the methods used to measure them?

• Similarities/differences between the conceptual categories associated with cost, effort, and load and the methods
used to measure these constructs.

• Studies which use/propose the same methods to measure different constructs.

4 RESULTS

4.1 Overview of Literature

Characteristics of Articles: The first articles examining CEL within ISR emerged within the period 1972-1982. Cost
was one of the first CEL constructs to be examined, however the construct was not revisited until the period 2005-2015.
Conversely, the interest in effort measurement within ISR has been quite consistent over the last four decades (except
1983-1993). Cognitive load and workload are constructs of more recent interest within ISR, with studies most prevalent
during the last two decades. Please refer to Figure 2 for an overview.

CELConstruct Examined:Across the reviewed articles, effort was themost frequently examined construct (𝑁 = 54),
with 49 of these articles empirically measuring the construct. Workload was the second most widely used construct
(𝑁 = 22), with 21 articles measuring the construct empirically. Cognitive load was examined in 9 studies, 8 of which
were empirical. Finally, 16 articles examined cost, 11 of which were empirical studies.

Study Type: The majority of reviewed articles (𝑁 = 82) employed an empirical user study. Lab-based and controlled
user studies were by far the most widely used (𝑁 = 69), followed by online crowd-sourced user studies (𝑁 = 7); and
naturalistic user studies (𝑁 = 6) conducted in a more realistic, less controlled environment.

The remaining articles (𝑁 = 9) examined CEL constructs non-empirically in a variety of different ways. Two studies
proposed novel methods for measuring cognitive load and cognitive workload for use in a future study. Another two
studies proposed formal models of user-sided costs in the context of conducting a search and interacting with a system.
Others (𝑁 = 2) used simulated search sessions to support the experimental evaluation of retrieval systems in relation to
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user cost and effort. Finally, three studies employed an analysis of existing search logs to predict user cost and effort
during the search process.

Task: Across the majority (𝑁 = 63) of empirical studies, the task and/or topic were explicitly assigned to the user.
These studies varied in relation to the specificity of the task description. The majority of these studies (𝑁 = 22) identified
the task as an interactive web search task. Simulated work tasks (𝑁 = 8); collaborative search tasks (𝑁 = 5); and
relevance judgement/annotation tasks (𝑁 = 4) were also frequently used to differentiate tasks. Other studies identified
tasks according to the process i.e., browsing (𝑁 = 3); searching (𝑁 = 8); exploratory (𝑁 = 11), and the remaining studies
characterised the task in relation to the end-product (i.e., known-item search (𝑁 = 2); essay/coursework search (𝑁 = 3);
fact-finding (𝑁 = 11); product search (𝑁 = 4); comparative search (𝑁 = 5).
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Fig. 2. Number of articles by year of publication.
Note: CL = cognitive load; WL = workload

Task Domain: Task domains related to media and leisure were most popular (𝑁 = 29) and included; news (𝑁 = 8);
entertainment (𝑁 = 4); e-commerce (𝑁 = 7); general health (𝑁 = 3); travel (𝑁 = 5); weather (𝑁 = 1); and finding a job
(𝑁 = 1). Eleven studies examined professional domains such as; journalism (𝑁 = 7); healthcare (𝑁 = 4); and research
(𝑁 = 2). Nine studies examined different academic domains including; Science and Technology (𝑁 = 3); Politics (𝑁 = 2);
History (𝑁 = 1); Education (𝑁 = 2); Genomics (𝑁 = 1). Finally, ten studies examined CEL in the context of digital
libraries. The remaining studies (𝑁 = 36) reviewed did not specify a specific search domain, and rather just described a
web-based search task with no further contextual information.

Corpus: The collection used was described in 73 of the 91 studies. Of these, the “web” was the most frequently used
(𝑁 = 39), this includes studies which used the “open web” and those that used “closed web” – described by Kelly and
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Sugimoto [76] as static web pages that have been manipulated in some way (i.e., features removed/added) before the
study. TREC collections were used in 18 studies, and library collections were used in 5 studies. Finally, other collections
such as CLEF (𝑁 = 1); and medical information databases (𝑁 = 2) were also used. The remaining studies (𝑁 = 5)
represented unique or individual collections.

Subjects: The majority of subject groups (𝑁 = 56) were recruited from academia. Undergraduate and graduate
students represent a considerable number of those recruited from this sector (𝑁 = 45), and came from a wide variety
of disciplines (i.e., Humanities (𝑁 = 5), Social Science (𝑁 = 4), Library and Information Science (𝑁 = 4), Psychology
(𝑁 = 4); Information Technology (𝑁 = 4), and Biology (𝑁 = 4)). Aside from students, university staff and members
of faculty were also included as participants in some studies (𝑁 = 6). Finally, nine groups of participants from the
academic sector were recruited but their position was unspecified. Twelve studies included subjects recruited from a
variety of industry sectors. Only two studies shared the same type of participant group (i.e., GPs/Physicians). The other
participant groups were diverse and were observed in only one study each - these included: web designers, IT company
employees, engineers, sales reps, product managers, online search analysts, forest service personnel, and librarians.
Finally, the remaining studies recruited subjects through crowd-sourcing (𝑁 = 7) or a specified population such as the
general public (𝑁 = 3) and public library visitors (𝑁 = 4).

4.2 Definitions of CEL, and Related Constructs

Definitions of Cost, Effort, and Load: Of the 91 articles reviewed, 39 definitions of CEL were extracted from 38
articles; cost (𝑁 = 8); effort (𝑁 = 20); cognitive load (𝑁 = 6); and workload (𝑁 = 5). Following guidance from [82], the
individual elements of each CEL definition were then separated, categorised and quantified. Based on this analysis, the
definitions were then aligned with one of the five conceptual categories identified in our previous work [97]. Refer to
Table 4 for an overview of each construct and their associated conceptual categories. Each of the five categories are
based on definitions which can be characterised by the following descriptions:

Cost: The term “cost” was used in all sixteen articles which examined the construct. Two articles measuring cost
also used the term effort interchangeably [91, 139]. For the eight articles which defined cost, two main conceptual
categories were identified:

• Time Orientated: Cost was most frequently characterised in relation to the time spent during the user-system
interaction (𝑁 = 7) [8–10, 22, 29, 91, 96]. For example, “cost is often measured by the time of a series of actions, such

as formulating queries, examining snippets, clicks on results etc” [91]; and “cost is often considered as the amount of

time spent” [9].
• Interaction Orientated/Count Based: Cost was also defined in relation to the interactions/number of actions
occurring between the user and the system (𝑁 = 4)[9, 22, 96, 144]. For example, “consider the cost of information

search results from query generation, documentation examination, search engine result pages and task description

examinations” [144]. Note that three of the studies [9, 22, 96] mentioned provide definitions which align with
both conceptual categories.
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Conceptual Category Construct & Number of Articles Citation

Time-Orientated
Cost (N = 7)
Effort (N = 2)

[8–10, 22, 29, 91, 96]
[83, 132]

Interaction Orientated/Count-Based
Cost (N = 4)
Effort (N = 7)

[9, 22, 96, 144]
[27, 55, 56, 62, 66, 119]

Cumulative/Total Work
Effort (N = 8)
Cognitive Load (N = 2)
Workload (N = 4)

[21, 34, 36, 40, 59, 77, 104, 132]
[23, 116]
[5, 34, 70, 89]

Meta-Cognition/ Conscious Awareness
Effort (N = 3)
Workload (N = 1)

[77, 91, 115]
[120]

Capacity Based/ Resource Bound
Effort (N = 1)
Cognitive Load (N = 3)

[53]
[52, 133, 138]

Table 4. CEL Construct and Conceptual Categories

Effort: While the term “effort” was the most frequently used (𝑁 = 40), five studies used the term “cognitive
effort”, and four used the term “mental effort”. Two articles measuring effort [27, 50] also used the term cognitive load
interchangeably. Of the 49 articles examining effort, 20 provided a definition of the construct.

These definitions aligned with all five conceptual categories.

• Cumulative/Total Work The majority of studies (𝑁 = 8) [21, 34, 36, 40, 59, 77, 104, 132] characterised effort in
terms of the cumulative or total amount of physical/mental work that the individual applies towards an outcome.
For example, “the total work done to achieve a particular goal” [11], and “how much work must an assessor exert”

[59].
• Interaction Orientated/Count Based: Similar to the definitions of cost, the second category (𝑁 = 7) [27, 55, 56, 62,
66, 119] to emerge characterises effort as the interaction or number of actions which occur between the system
and the user. For example, “we assume that users perform actions to make progress on a search task; every action

costs effort” [62] and “counts of actions that require a cognitive assessment (e.g., evaluate a SERP) or production (e.g.,

enter a query) from a searcher” [55].
• Meta-cognition/Conscious Awareness: The third category (𝑁 = 3) [77, 91, 115] to emerge refers to effort as a
volitional and intentional process in which the individual is consciously aware. For example, “effort reflects a
voluntary allocation of effort that can be reported by the individual” [115]. Note that the definition provided by
Kim and Rieh [77] aligned with two conceptual categories.

• Time Orientated: Again, similar to the characterisation of cost, two studies [83, 132] referred to effort in relation
to the time spent during the user-system interaction. For example, “a natural candidate for measuring user effort

is time; the longer it takes the user to reach an answer, the more effort is expended on the user’s part” [83].
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• Capacity Based/Resource Bound: Finally, one study [53] refers to effort in relation to the notion of limited capacity
and mental resources. For example, “study of mental demands and effort can involve an assessment of users’ mental

load, a control of mental demands imposed by a task, by a system, or characterization of users by their levels of

mental capacity” [53].

A number of the effort definitions provided use other CEL terms when describing the construct. For example,“search
effort is the cost of acquiring information from the search engine” [66].

Cognitive Load: The term “cognitive load” was the most frequently used (𝑁 = 7), followed by “mental load” (𝑁 = 1).
Of the nine articles which examined cognitive load, six definitions were provided. Two main categories emerged from
the definitions.

• Capacity Based/Resource Bound: Also used to describe effort, the majority of studies (𝑁 = 3) [52, 133, 138]
characterised cognitive load in relation to the notion of limited mental capacity and resources. For example,
“cognitive load is closely related to the notion of limited mental resources” [52] and “people’s cognitive capacities are

so limited that they can process only limited information chunks concurrently” [133].
• Cumulative/Total Work: The definition used in two articles [23, 116], aligns with the “work” related elements
also identified in the characterisation of effort . For example, “cognitive load is usually evaluated according to the

quantity of information to be memorised and the amount of processes involved to perform the task” [23].

Workload: The term “workload” was the most frequently used (𝑁 = 12), followed by “cognitive workload” (𝑁 = 5),
“mental workload” (𝑁 = 4). Of the 22 articles which examined workload, five definitions were provided. These definitions
correspond to the following two categories:

• Cumulative/Total Work: Similar to how effort was described, the first category (N = 4) [5, 34, 70, 89] to emerge
for definitions of workload relates to the cumulative or total amount of physical/mental work. For example, “can
be intuitively defined as the amount of cognitive work necessary for a person to complete a task over time”

• Meta-cognition/Conscious Awareness: Finally, workload was characterised in one article [120] by the category
which also emerged from effort definitions. For example, “mental workload represents the subjective experience of

a decision maker” [120].

Terms such as effort and cost were used in definitions of workload. For example, “mental workload (or mental effort)

is the term used to describe the mental cost of accomplishing task demands that is the individual reaction to the objective

requirements of the task” [34]. Similarly, “the mental effort involved in performing any given task” [5], and “mental

workload refers to the amount of perceived effort induced by a particular task” [70].
Demand: Eleven articles measuring effort [53, 55, 56, 115]; cognitive load [52, 116, 133]; and workload [5, 70, 89, 120]

provided a definition of the term “demand”. Similar to the analysis of the CEL constructs, all identified definitions were
organised into categories. This analysis revealed two categories of how “demand” is discussed in the literature:

• Task demand (𝑁 = 7)
• System demand (𝑁 = 5).

Task demand relates to the demands which arise from the search task itself. Task characteristics such as difficulty [89];
time pressure [89]; and complexity [133] were all described in relation to task demand. Simultaneous task requirements
were also considered to impose higher demand on the user [5].
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System demand is generally described as the the demand imposed on the user by the information retrieval system.
Elements of the system such as the interface and information displays [52]; modality (i.e., visual, auditory) [89]; and
interruptions [89] were all considered to affect the demands imposed on the user.

Resources: Fifteen articles measuring cost [91]; effort [34, 53, 55, 56, 77, 115]; cognitive load [14, 23, 52, 116, 133];
and workload [9, 34, 89, 120] provided a definition of the term “resources”. Across all of the CEL constructs, “resource”
definitions followed a similar theme, referring to the users:

• Cognitive resources (𝑁 = 11)
• Limited capacity of resources (𝑁 = 8)

Cognitive resources are the internal resources that the user has available to them in order to process stimuli. The
majority of definitions refer to the resource - working memory [9, 14, 52, 55, 120]. However, other cognitive resources
such as perception [9, 89], attention [9, 77, 133], and motor control [9] are also mentioned.

The second theme to emerge from the resource definitions relates to the limited capacity of these resources. This
refers to the notion that there is only a finite amount of resource that can be allocated to a task/system demand at any
one time. Some studies [9, 52, 55, 56] describe this as a “constraint” or “limitation” of human mental capacity.

Theory: Overall, seven articles referenced an established theory to ground their research. Two dominant theories
were discussed:

• Cognitive Load Theory (effort: 𝑁 = 1; cognitive load: 𝑁 = 5)
• Multiple Resource Theory (cognitive load: 𝑁 = 1; workload:𝑁 = 1)

4.3 CEL Measurement in ISR

Objective Methods: From the 91 articles reviewed, 59 articles used or proposed objective methods to measure cost,
effort, and load. For the purpose of this review, we consider objective methods as an impartial measurement, with
a quantifiable outcome. For empirical studies, search interaction logs were the most frequently used method, with
48 articles using at least one search interaction measure. In nine of these studies, search interaction logs were used
alongside another objective measure, such as dual task [50, 77, 115], and eye tracking [22, 27, 47, 55, 133, 144]. Compared
to search interaction logs, other objective methods were used less frequently, with only twelve articles using eye
tracking measures; eight using the dual-task method; and one article using a combination of multiple physiological
measures such as; electroencephalogram (EEG), Temperature, Electrocardiogram (ECG), electro-dermal activity (EDA).

For studies which were not empirical, nine studies proposed objective measures of cost, effort, and load. Again,
search interaction logs were most common, with seven articles [7, 10, 29, 41, 66, 83, 141] proposing the use of search
interaction logs as a method to measure cost and effort. The remaining two studies proposed the use of two physiological
methods: functional near-infrared spectroscopy (fNIRS)[92] and electroencephalogram (EEG) [138] as a measure of
users cognitive load. Table 5 provides an overview of the objective methods which were used and proposed, including a
breakdown of the constructs measured.

Dependent Variables Used for Objective Methods. Each of the four objective methods used across the studies
had dependent variables associated with them. There were 23 dependent variables derived from the search interaction
logs. These variables can be assigned to three measurement categories: total interaction counts; rates of interaction; and
time-based. Only cost and effort were measured via total interaction counts and rates of interaction, whereas time based
measures were used to measure all three CEL constructs. Five dependent variables were derived from eye-tracking. All
variables were used as a measurement of effort, three were used to measure load (cognitive load and workload), and
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only one variable was used as a measure of cost. The dual-task method was associated with three dependent variables.
All variables were used as measures of effort, and two variables measured load (cognitive load and workload). The
dual task method was not used in any study to measure cost. Finally, each of the physiological measures had only one
associated dependent variable - all of which were used as measures of load (cognitive load and workload). Refer to
Table 8 for a more detailed overview.

Objective Method Proposed/Used
Construct & Number

of Articles
Citation

Search Interaction Logs

Cost (𝑁 = 14)

Effort (𝑁 = 38)

Cognitive Load (𝑁 = 2)

[7–10, 22, 29, 80, 91, 96, 107, 114, 129, 139, 144]

[1, 11, 18, 21, 40, 41, 47, 65, 77, 83, 98, 104, 106, 112, 115, 131]
[3, 17, 24, 27, 50, 53, 55–57, 57–59, 62, 66, 79, 86, 88, 90, 106, 119, 132, 141]

[116, 133]

Eye Tracking

Cost (𝑁 = 1)

Effort (𝑁 = 9)

Cognitive Load (𝑁 = 1)

Workload (𝑁 = 3)

[144]

[22, 27, 28, 47, 53–56, 67]

[133]

[34, 70, 101]

Dual Task

Effort (𝑁 = 3)

Cognitive Load (𝑁 = 4)

Workload (𝑁 = 1)

[50, 77, 115]

[23, 33, 52, 116]

[143]

Other Physiological
(EEG, Temperature, ECG, EDA, fNIR)

Cognitive Load (𝑁 = 1)

Workload (𝑁 = 2)

[138]

[70, 92]

Table 5. Objective methods used/proposed to measure CEL in reviewed articles

Subjective Methods. For the purpose of this review, we consider subjective methods as those which rely on human
judgement of some kind. This also includes self-report judgements which may relate to objective search behaviours, for
example, “what were the total number of sources consulted during your search?”. Across all the reviewed articles, 39
studies used subjective methods to measure CEL. Four types of subjective method were used across all studies, see
Table 6 for an overview of the subjective tool used and the construct measured. The NASA-Task Load Index was the
most frequently used subjective method, with 22 articles using the tool as a measure of cost, effort, and load (workload
and cognitive load). Eleven of these articles used the full six-component version (physical demand; mental demand;
temporal demand; performance; frustration; and effort). To shorten the test, three articles [3, 5, 13] used the raw version,
where each of the six components is weighted according to the context using a separate instrument. Five studies
[5, 24, 116, 117, 143] omitted individual components if they were considered less relevant to the task. Two articles
[35, 46] did not specify which version they used. The majority of studies (64%) which used the NASA-TLX as a measure
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of workload used the tool to compare user workload across search systems [2, 3, 8, 13, 35, 37, 46, 71, 74, 80, 116]. The
remaining 36% of studies used the tool to compare user workload across search tasks [3, 5, 14, 24, 89, 120, 143].

Self-designed questionnaires were used in 14 articles measuring cost, effort, and workload. These questionnaires
were all different, varying in relation to format, scale, and unit of analysis. See Table 9 for the article, the specific
questions used, and the unit of analysis. Finally, the Workload Profile (WP) [89] and the Mental Workload Test (MWT)
[34] were used in two studies as a tool to measure workload.

Subjective Method Proposed/Used Total Number of Articles
CEL Construct Measured
& Number of Articles

Citation

NASA Task Load Index (NASA-TLX) 22

Cost (𝑁 = 1)

Effort (𝑁 = 4)

Cognitive Load (𝑁 = 2)

Workload (𝑁 = 17)

[80]

[6, 24, 59, 130]

[116, 117]

[2, 3, 13, 14, 24, 37, 46, 74, 80]
[4, 5, 8, 35, 71, 89, 120, 143]

Self-Designed Questionnaire 14

Cost (𝑁 = 2)

Effort (𝑁 = 11)

Workload (𝑁 = 2)

[91, 114]

[19, 45, 68, 69, 72]
[77, 79, 87, 115, 119, 124]

[19, 134]

Workload Profile (WP) 1 Workload (𝑁 = 1) [89]

Mental Workload Test (MWT) 1 Workload (𝑁 = 1) [34]

Table 6. Subjective methods used to measure CEL in reviewed articles

Objective and Subjective Methods. Ten articles used a combination of both objective and subjective measures of
CEL within a single study. The majority of these (𝑁 = 6) [59, 79, 90, 91, 114, 143] used two different methods, with the
most common combination as self designed questionnaires and search interaction logs (𝑁 = 4) [79, 90, 91, 114]. Three
articles [77, 115, 116] used more than two different methods. See Table 7 for a more detailed overview.

Independent Variables From the 91 reviewed articles, 121 independent variables were extracted and categorised into
five groups: task characteristics; search engine results page (SERP); system; individual differences; and document/web-
page.

• Task Characteristics. Task characteristics (35%) were the most widely examined independent variable across all
studies (cost: 𝑁 = 3; effort: 𝑁 = 29; cognitive load: 𝑁 = 5; workload: 𝑁 = 7). More specifically, the different task
characteristics manipulated in these studies comprise six sub-categories: structure; product; determinability; goal;
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complexity; and difficulty. Task complexity was the most popular task characteristic introduced across the studies
(𝑁 = 21) and the majority of studies [24, 34, 56, 57, 101, 119, 120, 133, 144] designed tasks at only two levels of
complexity (simple vs. complex) - where simple was a “fact-finding” task and complex an “information gathering
task”. Studies which designed tasks of up to five levels of complexity [3, 65, 91, 114] tended to base these tasks
around Anderson and Krathwohl’s Taxonomy of cognition, i.e., remember, understand, analyse, evaluate, and

create. While task difficulty was identified as an independent task characteristic [51, 52], the task manipulations
were very similar to that of task complexity (i.e., fact-finding vs. information gathering) as were the terms used
(i.e., simple vs. complex). Three studies examined the effects of task product (factual vs. intellectual) on user
effort [27, 68, 69].
Task goal was also examined at two levels, mainly the effects of a specific vs. amorphous goal on user effort
[27, 68, 69]. Task determinability was used in three studies [3, 17, 18] which used similar manipulations but
with varying numbers of conditions. For example, Capra et al. [18] initially examined how four levels of task
determinability (unspecified; specified items; specified dimension; specified both items and dimension) affect
user effort, and in a later study examined the effects of six levels of determinability (unspecified; items; objective
dimension; subjective dimension; items + objective dimension; items + subjective dimension) [17]. Finally, task
structure was usually described as simple, hierarchical, or parallel and investigated in relation to its effect on user
effort [19, 57, 104] and cognitive load [19, 52].

• The Search Engine Results Page (SERP). The second most commonly used (31%) independent variable across all
of the articles (cost: 𝑁 = 8; effort: 𝑁 = 8; cognitive load: 𝑁 = 3; workload: 𝑁 = 13) was the search engine
results page, or the query interface. This is the page that users encounter when they navigate a search engine to
enter a query and find specific information. Across the reviewed studies, the SERP was adapted in a variety of
different ways. The majority of these studies (𝑁 = 14) examined the effects of result list adaptations. For example,
additional result list elements/tools such as; knowledge modules [2]; entity cards [13]; information structuring
tools [80]; tag clouds [57]; and additional categories [143] have all been examined in relation to their effect on
the users cost [80], effort [57], and workload [2, 13, 143]. The presentation of results have also been examined in
various ways, including the effects of; blocked vs. interleaved results list on user effort and workload [3], SERP
size (3,6,10 results per page) on user workload [74]; list vs. overview on user effort [57]; text-based vs. graphic
based on user effort and cognitive load [19]; and arc vs. list vs. grid display on user workload [134]. Four studies
examined the effects of manipulations at the query level of the SERP. For example, Gerwe and Viles [45] studied
the effects of an advanced query interface with additional search features vs. a basic query interface on user
effort. Edwards et al. [37] examined the effect of a standard query box vs. a structured query box (series of boxes
for query terms) on user workload. Other studies have focused on the effects of query suggestions on user cost
[8] and cognitive load [71]. Finally, the effect of the SERP result quality (low vs. high relevance) on user effort
[91] and cost [107] has been studied. Alongside how user effort may be impacted by both the opinion (consistent
vs. inconsistent) and credibility [112] of SERP results.

• System. The system was used as the independent variable in thirteen of the studies (cost: 𝑁 = 1; effort: 𝑁 = 10;
cognitive load: 𝑁 = 1; workload: 𝑁 = 1). The majority of studies (𝑁 = 12) compared two independent systems
(i.e., system A vs. system B) in relation to their effect on user cost, effort, and load. For example, Kim and Rieh [77]
and Rieh et al. [115] compared the user effort invested while using both a library system and a web system. The
remaining study examined user effort in relation to two systems which shared commonalities but had different
back-end algorithms [72].
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Self- Designed
Questionnaire

NASA-
TLX

Mental
Workload

Test

Search Interaction
Logs Dual-Task Eye-Tracking

Cost [91, 114] X X

Effort [77, 115] X X X

Effort [59] X X

Effort [79, 91] X X

Workload [34] X X

Workload [143] X X

Cognitive-
Load [116] X X X

Table 7. Studies which use both subjective & objective measure Cost, Effort, or Load

• Participant Individual Differences: Eleven articles (cost: 𝑁 = 1; effort: 𝑁 = 8; workload: 𝑁 = 8) investigated
individual differences such as cognitive ability, skill, and experience, as an independent variable. Working
memory was the most frequently examined cognitive ability, with studies interested in its effects on user effort
[24, 53, 55, 57] and workload [3, 24]. Other cognitive abilities which were examined across studies include;
associative memory [14]; perceptual speed [3, 14]; verbal closure [57]; inhibition [3]; visualisation ability [14];
and spatial ability [120]. Besides cognitive ability, the effect of typing speed on user costs [107], and domain
knowledge on user effort [28] were also of interest. Finally, the level of user experience was included as an
independent variable in the measure of user effort [40, 104].

• Document/Web-page/Landing-page: Finally, the document or web-page was considered an independent variable
in eight studies (effort: 𝑁 = 6; cognitive load: 𝑁 = 3). In the majority of studies, the level of document relevance
was examined in relation to user effort [54, 59, 87, 91, 130]. The remaining studies which measured cognitive
load, adapted the visual complexity of documents (e.g., number of elements included on the page) [23, 133].
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Objective Method
Proposed/Used Dependent Variable & Number of Articles Cost Effort Load

Search Interaction Logs Total Interaction Counts:
Total number of:
Documents viewed/browsed/read/opened (𝑁 = 28) X X
Queries issued (𝑁 = 18) X X
Clicks & scrolls (𝑁 = 10) X X
Query reformulations/iterations/refinement (𝑁 = 9) X
Bookmarks (𝑁 = 7) X X
SERPs clicked/visited/viewed (𝑁 = 6) X X
Unique search terms issued (𝑁 = 4) X
Relevant documents
browsed/marked as relevant (𝑁 = 3) X

Queries without a bookmark (𝑁 = 2) X
Interaction Rate:
Number of:
Clicks: per query (𝑁 = 2); per snippet (𝑁 = 2);
per document; without a bookmark (𝑁 = 2) X X

Words per query (𝑁 = 6) X
Time-Based:
Dwell time (𝑁 = 5) X X
Time taken to:
Complete task/session (𝑁 = 16) X X X
View/examine search results (𝑁 = 6) X X
Formulate first query (𝑁 = 4) X X
Read/assess/judge documents (𝑁 = 6) X X
Enter a query (𝑁 = 2) X X
Average time:
per click (𝑁 = 2) X
per search action (𝑁 = 2) X
between queries & clicks (𝑁 = 2) X

Eye Tracking Fixation duration (𝑁 = 10) X X X
Number of eye fixations (incl. fixations on documents;
SERPs; task descriptions) (𝑁 = 10) X X X

Pupil Size/Diameter/Dilations (𝑁 = 4) X X
Perceptual span (𝑁 = 3) X
Length of saccade (𝑁 = 2) X

Dual Task Reaction time (𝑁 = 8) X X
Miss frequency (𝑁 = 3) X X
Accuracy (𝑁 = 2) X

Other Physiological
(EEG, Temperature, ECG, EDA, fNIR) EDA: electric resistance of the skin (𝑁 = 1) X

ECG: electric activity generated by the heart (𝑁 = 1) X
PPG: blood volume changes (𝑁 = 1) X
Temperature: fluctuations in body temperature (𝑁 = 1) X
EEG: electrical activity in the brain (𝑁 = 1) X
fNIR: detects hemo-globin changes in the brain (𝑁 = 1) X

Table 8. Dependent variables used/proposed to measure CEL in reviewed articles
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Construct Questions Unit of Analysis

Effort
[45] Eight search behaviour questions related to
use of search features; advanced search features;
query terms entered; and frequency of web search engine use.

Total scores of user effort from
1(low) - 17 (high)

[72] One question:
”How much effort did it take to complete the task?”

Scale from 1 (very little effort) to
7 (a lot of effort)

[68] Two questions:
(1) Search Result Judgement effort:
”How much effort did you spend on this web page?”
(2) Session effort: ”How much effort did this task take?’

(1) Scale from 1 (none) to 7 (a lot)

(2) Scale from 1 (minimum) to 7 (a lot of)

[69] Two questions:
(1) Session effort: ”how much effort did this task take?”
(2) Post-click result judgement effort:
”how much effort did you spend on this webpage?”

For both questions -
Scale from 1 (minimum/none) to 7 (a lot of)

[87] One question:
”rate your effort to answer this question well” Scale from 1 (low) to 5 (high)

[19] One question:
”How much mental effort you used to complete the task” Scale from 1 (low) to 5 (high)

[124] Five questions related to search behaviour and difficulty:
number of sessions; number of sources consulted; difficulty in
selecting useful references in search for essay;
number of read but not cited articles; number of channels used

Difficulty: Scale from
1 (very difficult) to 5 (very easy)

[77, 115] One question:
Rate your ”effort invested in searching”

Scale from 0 (no effort) to 10 (a great
deal of effort)

[91] Perceived time estimation Perceived time (s) examining each
document

[79] One question:
”did you put in a lot of effort to complete the task?”
(after each task)

Scale (range not specified) -
however, low = not much effort.

Cost

[114] Three questions relating to:
Ease (type of source referred to);
Time (self-reported time to complete the task);
and Number of Sources (total number of sources consulted)

Ease: Low, Medium, High (depending on the
type of source) Time: Low (<30mins); Medium (30-90mins);
High (>90mins)
Number of Sources: Low (<1); Medium (2-4);
High (>4)

[91] One question:
"Estimate the duration spent on searching"
(after each task)

Perceived dwell time (s)

Table 9. CEL constructs measured and the questions used in self-designed questionnaires
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4.4 Relationship between Constructs and Measures:

This section describes how each construct and its respective conceptual categories have been measured within ISR. Table
10 provides a detailed overview of the conceptual categories associated with each construct and the measures/dependent
variables used to measure them. Figure 3 provides a broader overview of these relationships, and more clearly illustrates
areas of overlap between the different constructs, conceptual categories, and measures.

COST

WORKLOAD

EFFORT

COGNITIVE LOAD

Time Orientated

Interaction Orientated/Count
Based

Metacognition/Conscious
Awareness 

Capacity Based/Resource Bound

Cumulative/Total Work

Search Interaction Logs

Eye-Tracking

Dual-Task

Self-Report  
(NASA-TLX & Workload Profile)

Other Physiological 
(EDA, EEG, PPG, TEMPERATURE,

ECG, fNIRS)

Fig. 3. Relationship between Constructs and Measures
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Construct Conceptual Category Measure Dependent Variable(s)

Cost Time-Orientated Search
Interaction Logs

Time taken to: issue a query; enter a word; examine a snippet/query/suggestions/SERP;
make a relevance judgement; & dwell time.Total number of : clicks.

Eye-Tracking Number of : examined results; & length of examined result sequence.

Interaction-Orientated/
Count Based

Search
Interaction Logs

Time taken to: enter queries; examine SERP; & dwell time Total number of : clicks; words;
queries; terms used; snippets hovered over; documents viewed; documents marked relevant.

Eye-Tracking Number of : examined results; fixations on documents/SERPs/task descriptions;
& length of examined result sequence.

Effort Interaction-Orientated/
Count Based

Search
Interaction Logs

Time taken to: complete task (mins); enter a query; examine result snippets/clicked results. Total number
of: mouse actions; interactions; queries issued/reformulated; result summaries/web-pages visited.

Eye-Tracking Number of : eye fixations/fixation regressions/saccadic movements. Fixation duration;
length of saccades/reading sequences; pupil size.

Cumulative/
Total Work

Search
Interaction Logs

Time taken to: complete task (mins); view results; perform search (s/mins); make relevance judgement.
Total number/amount of : commands; scrolling/navigation; documents read/opened; queries issued.

Dual-Task Reaction Time (ms); miss frequency.

Meta-Cognition/
Conscious Awareness

Search
Interaction Logs

Time taken to: complete search session (min/s); formulate first query; view search results; read documents;
& dwell time. Total number/amount of : clicks; documents viewed/read.

Dual-Task Reaction time (ms/s); miss frequency.

Self-Report Perceived time length (s)

Time-Orientated Search
Interaction Logs Time taken to: task completion(s). Number of: queries issued per task.

Capacity Based/
Resource Bound

Search
Interaction Logs Total number/amount of : query reformulations; visits to web-pages.

Eye-Tracking Fixation duration (s); Number of regression fixations.

Cognitive
Load

Capacity Based/
Resource Bound Dual-Task Rate of missed events; reaction time (ms).

Eye-Tracking Fixation duration (ms); fixation count.

Search
Interaction Logs Task completion time (ms).

Physiological EEG.

Cumulative/
Total Work Dual-Task Average reaction time (ms).

Workload Meta-Cognition/
Conscious Awareness Self- Report NASA-TLX.

Cumulative/
Total Work Eye-Tracking Pupil diameter; eye fixation; fixation duration (ms); saccadic peak velocity (visual degree per second).

Self-Report NASA-TLX; Workload Profile.

Physiological EDA (average electric resistance of skin:kilohms); ECG (millivolts: mV); PPG
(heart rate:average mV); Body temperature (degrees celcius); EEG (power & phase of analytical signal Hz).

Table 10. Relationships between Constructs and Measures
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5 DISCUSSION

Based on the analysis presented in the previous section, this section will provide a critical overview of the relationship
between how CEL constructs are defined and how they are measured within ISR.

5.1 Cost

Our review highlights that the construct of cost has faced somewhat sporadic examination within the field of ISR over
the last several decades. Interest in the construct appears to decrease from the early 1990s, before making a revival
almost two decades later in 2009. If we look more closely at the treatment of cost between these two time periods, we can
see a distinct shift from the measurement of “fiscal costs” to “temporal costs”. The examination of “fiscal costs” seems
well justified considering the landscape of the field from the late 1970s to early 1990s - where researchers examined cost
as a means to justify the use of online bibliographic IR compared to manual IR within organisations. The emergence of
online search engines in the early 1990s, led to a highly competitive era for search, with network latency and download
speeds becoming increasingly influential on user experience [83]. With this brought revived interest in examining
cost, and following several published papers by Azzopardi and colleagues [7–10, 96], cost has generally been treated in
relation to “temporal costs” as a means to evaluate system efficiency and effectiveness.

The measurement of cost generally reflects how it has been conceptualised within ISR. Studies which characterise
cost as Time-Orientated mainly used time-based measures derived from search interaction logs. For the remaining
studies which did not provide a definition of cost, a similar trend was observed, where search interaction logs, and
particularly time-based measures were most commonly used. If we examined each of these studies and their respective
measures of cost in isolation, then it is likely that we could claim some degree of internal validity as time-based measures
may accurately reflect the time-oriented nature of cost. However, while the unit of measurement “time” is consistent
across the studies, it is operationalised in a multitude of different ways - such as the time taken to; view search results,
complete a search task, formulate a query, and read and assess documents. Subsequently, it becomes difficult to make
comparisons between these studies- as each imply that cost has a “fixed” value. However, is the time taken to complete
a search task more costly than the time taken to issue a query? Furthermore, the reviewed studies only consider “time”
in their operationalisation of cost - but is “time” really the only cost paid by the user during the ISR process? Perhaps a
limitation of these studies is the scope and generalisability of the research. Within this review, the majority of studies
examining cost used a laboratory-based study with university students as participants. In these scenarios, costs were
mostly representative of user-sided costs. However, if we consider how cost has been operationalised outwith ISR in
relation to monetary or human resource, can we assume that similar costs are also paid or spent by the user within
certain ISR processes? If we consider a professional search context, then it is likely that the amount of time, money, and
human resources spent during the search process are costly to both the user and the organisation.

5.2 Effort

The examination of effort within ISR has followed a similar trajectory as cost, receiving some attention during the
1970s-1980s, before tapering off until it’s revival as a construct of interest in the late 1990s. In these early studies, effort
was often conflated with cost and primarily discussed and measured in relation to an organisation, and the amount of
labour (time/salary) involved in using different systems. Perhaps the rise of search engines in the 1990s prompted the
resurgence of effort examination within ISR, when it was acknowledged that effort played a key role in influencing user
search decisions and behaviours. Between 2009-2018, interest in examining effort peaked within ISR. However, while
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constructs such as cost became associated with specific research groups around this time and therefore treated fairly
consistently across studies, the examination of effort became almost more disconnected. Rather it appears that there
are few research groups which consistently examine effort. Moreover, for studies which examine effort less explicitly,
citations to key works in the area are often non-existent.

All five conceptual categories were represented by the definitions of effort - perhaps indicating that either the
authors have different interpretations of effort, that the construct of effort is multi-faceted, or that there is simply no
standard and widely accepted definition of effort. Not only did the definitions of effort span across a range of conceptual
categories, similar observations were found in relation to the way that effort has been operationalised within ISR.
Search interaction log measures such as total interaction count and time-based variables were used to operationalise
effort in studies from all conceptual categories. However, if we take the measures, “task completion time” or “number
of queries issued”, these are unlikely to operationalise effort as described by all five conceptual categories. When we
examine studies which did not include a definition, the range of measures used to operationalise effort become even
greater. This leads to the question of why effort has been defined and measured in so many ways within ISR? If we
take a closer look at the definitions provided, it seems that researchers tend to label individual components of effort
rather than defining the “overall” construct. Take these definitions for example, “effort reflects a voluntary allocation of

effort that can be reported by the individual”, and “the total work done to achieve a particular goal”. If we compare these
definitions to existing theory, which characterises effort as both subjective [38] and reflective of the “work done” [64],
then these definitions are relatively representative. However, these definitions only define one dimension of effort -
rather than the construct as a whole. This problem combined with a general lack of clarity on the conceptualisation of
effort (both within ISR and other domains), has perhaps led to the proliferation of the number of variables which are
then operationalised as “effort” within ISR. This “kitchen sink” type approach to labelling or measuring a variety of
search interaction variables as “effort” is perhaps not based on a lack of agreement between researchers, but rather a
lack of common language to define effort in its entirety.

Self-designed questionnaires were also a commonly used measure of effort. While self-report tools can perhaps
offer a more explicit indication of users perceived effort than search interaction logs variables, several issues came to
light on examination of these questionnaires. As demonstrated in Table 9, it is clear that there is generally very little
standardisation in relation to the questions, scales, unit of analysis, and format used in these types of questionnaires.
Questionnaires used to measure effort employed a range of different scales: (i) a seventeen point scale (1-17), (ii) a seven
point scale (1-7), (iii) a five point scale (1-5), (iv) eleven point scale (0-10). This lack of standardisation of thresholds
in these scales, may suggest different levels of effort, e.g., 5 = high level of effort vs. 17 = high level of effort - again
making it difficult to make comparisons between studies. While these scales may assume face validity, the notion of
whether an individual can accurately rate their own cognitive capacity is questionable. Subsequently, this can lead to
issues in comparing individual ratings.

5.3 Cognitive Load

Studies examining cognitive load appeared within ISR research almost two decades after cost and effort - and to this
date, cognitive load has received far less attention. Few studies provided a definition of cognitive load. This finding
may be linked back to the lack of formal theory used within studies- as the construct of cognitive load is situated
within the fundamentals of CLT. With only few definitions to extract conceptual elements from, the inferences we
can make about the conceptual categories and their measures are subsequently limited. The studies which defined
cognitive load as Capacity Based/Resource Bound used or proposed measures derived from dual task, eye tracking,
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and electroencephalogram (EEG). As these methods are considered as direct and objective and designed to capture
the dynamic and instantaneous properties of cognitive load [15], they appear to be an appropriate operationalisation
of the constructs Capacity Based/Resource Bound properties. Furthermore, these methods were also primarily used
within studies which did not provide a definition of cognitive load, perhaps indicating some degree of consensus among
researchers both in relation to their understanding of cognitive load and a general awareness of the appropriate methods
of measurement. However, in order for these measures to accurately reflect the conceptual properties of cognitive load it
is important that they are analysed at the correct level of granularity. That is, in order to examine the detailed trends and
patterns of cognitive load, the data needs to be examined at the fine-grain level. However, across the reviewed studies
this was not often the case. For many of studies which used the dual-task method, reaction time and missed event
measures were averaged across the entire search session. Similar observations were made for eye-tracking measures
such as fixation duration and number of eye fixations. When results are analysed at the session level, only a static,
post-hoc analysis of cognitive load can be made, potentially masking the dynamic interplay between demand and the
consumption of user resources. It is important to point out however, that in most cases, the studies which provided a
definition of cognitive load, analysed the data at a finer granularity e.g., task segment level. Further supporting the
assertion, that conceptualisation should precede operationalisation for effective measurement.

The task and interface were frequently used as independent variables in studies examining cognitive load, which
may allude to the recognition of the different load types (i.e., task - intrinsic; interface - extraneous). However, similar
to the lack of definition and reference to existing theory, the majority of studies examining cognitive load made no
explicit reference to or distinction between the different types of load (i.e., intrinsic, extraneous, germane) in their
experimental design. There are several issues with this. Firstly, studies which measure cognitive load as a singular
construct are unable to determine which type of load is consuming the users cognitive resources during the search task.
This may be particularly problematic in studies which used both task and interface manipulations within a single study.
While perhaps these studies could still claim the measurement of “overall load”, assuming the load types are additive,
the problems associated with lack of distinction of load types may be more pronounced in studies which inadvertently
attempt to manipulate only one load type - as more conclusive, and likely conflated inferences may be assigned to the
findings. The lack of reference to CLT and the different types of load also raises the question as to what empirical basis
the experimental manipulations of the task and interface were based on.

5.4 Workload

Similar to cognitive load, workload was not examined within ISR until the late 1990s, with most research attention for
the construct occurring in the last decade. As with cognitive load, there were few definitions of workload provided.
Studies which defined workload in relation to the Cumulative/Total Work used a range of different methods including
eye-tracking, self-report, and physiological methods. However, for studies which did not include a definition of workload,
there was an overwhelming reliance on the NASA-TLX as the method of measurement. This observation is not unique
to the domain of ISR. Since its conception in the 1980s, the NASA-TLX remains the most widely used tool for measuring
workload. It has even been argued that the NASA-TLX is so heavily associated with workload that it has almost become
definitive of the construct [31]. This may provide an explanation as to why the majority of studies in this review which
used the NASA-TLX did not provide any definition of workload. Hart and Staveland [61], the developers of the tool
promote it as the most valid and sensitive indicator of the construct. Thus, while the integrity of the tool itself is
perhaps less questionable, there have been several issues with the way that it has been employed within ISR. Firstly,
the tool is designed to compare workload among tasks, however the majority of studies used it to compare workload
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among systems- subsequently this observation questions the validity of the claims made in these studies. Secondly,
the demands imposed by the task are likely to fluctuate on a moment-to-moment basis [95]. However, the majority of
studies administered the NASA-TLX following task completion. In this case, the assessment of workload relies on the
integration of multiple memories from the task, which in some cases can be done reasonably accurately, in others cases
not. This integration may be further compounded and disproportionately influenced by recall of episodes of peaks or
deviations in workload [95]. As a result, the overall workload scores obtained post-hoc, may not accurately reflect
the users experienced workload throughout the task. Finally, is the NASA-TLX applicable to ISR specific tasks? The
NASA-TLX was designed for use in Aviation and is still predominantly used as a tool of workload measurement in
high-pressure operational environments such as Air Traffic Control, Military, and Healthcare where tasks include flying,
driving, surgically operating etc.[60]. As ISR tasks are generally of a lower demand than these examples, it is uncertain
whether the tool is sensitive enough to detect lower levels of workload. Furthermore, the question of whether items
such as “physical demand” is relevant to ISR tasks also remains uncertain.

6 IMPLICATIONS

This review highlights a body of high-quality literature which mostly all demonstrate and evidence the use of a measure
- exemplifying potential capabilities and limitations which can be used to inform future research. In section 5 we
discussed the relationship between how these constructs are being conceptualised and measured - highlighting areas of
similarity and difference among ISR researchers and potential issues with current CEL examination. This next section
will discuss the implications of these issues, and provide suggestions for future CEL research.

6.1 Conceptualisation and Operationalisation of CEL

It has been proposed that the field of ISR, is largely driven by innovation and technology as opposed to the development
or use of theory [73]. This focus on the applied and practical elements of science, has led to the prominence of results
over explanation - leaving many studies lacking theoretical motivation [73]. The findings of this review may reflect this.
Firstly, the majority of studies did not provide explicit definitions of CEL and instead relied upon intuitive notions of
these constructs, rather than the use of accepted or established definitions from existing theory. Similarly, rather than
framing CEL measurement within well-established definitions and theory, it appears that researchers may rely on the
face validity of an instrument - where the measure is not formally validated, but makes intuitive sense and is therefore
accepted as an appropriate measure by the research community [73]. As a result, the last 50 years of ISR research has
experienced little maturation or progress in relation to our understanding and measurement of CEL. Rather, it appears
there still exists no universal definitions or standardised solutions for measuring CEL, and no single method that could
be recommended as “gold standard” following this review. Thus, in order to discover these “gold standard” methods of
CEL measurement within ISR, it is necessary that the first step of effective measurement, conceptualisation, is fulfilled.
Without the provision of definitions and theories of CEL within ISR, this area of research will struggle to advance.
Therefore, in order to achieve maturation of CEL understanding and measurement, it is important that the field of ISR
coordinates efforts to ground CEL research in established theory.

This lack of conceptualisation has ultimately led to issues with the operationalisation of CEL constructs - if the
researchers interpretation of the construct is unknown, then how do we know if the instrument is accurately measuring
its conceptual properties? Without this knowledge, the construct validity (i.e., the extent to which the instrument
measures the intended construct) of the measurement is uncertain [63]. This issue is further exacerbated by the overlap
in measures assigned to different constructs. In order for studies to produce meaningful data, it is important that these
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methods are validated to ensure they are measuring what they claim to measure. Very few of the studies examined in
this review discussed or attempted to validate measures of CEL. While validating measures often involves conducting a
number of studies developed exclusively around the measure [73], there are less arduous steps researchers can take to
improve the validity of measures. Providing clear and concise definitions of the construct, combined with reference to
well-established theory which provides clear justification for the use of a particular measure, can lead the field towards
effective operationalisation of the construct - which in turn will improve the validity, comparability, and standardisation
of CEL research and measurement [43].

In our recent perspectives paper [97], we created a tentative framework for defining CEL and their related constructs,
based on how they have been used, investigated, and measured within ISR research. We developed these with the hope
that the ISR research community can benefit from these working definitions and we actively encourage others to use
and build on these definitions within their own research to help develop a more unified approach in understanding
and researching CEL constructs in ISR. These working definitions and the respective diagram have since been updated
according to new insights gained from this present review, specifically in relation to the physical resources that are
available to the user. Demand on the users physical resources during the search process became more salient following
this review. The previous framework placed emphasis on the internal resources of the user in relation to cognition,
for example the use of their working memory and perception. However, search interactions such as clicks, scrolling,
and typing were all frequently implicated as measures of user effort in this present review. We deemed such actions to
consume not only the users cognitive resources, but also their physical resources such as strength, motor action, and
metabolic energy. Additionally, the consumption of physical resources during the search process and the implications
on user effort, is an important factor to consider from an accessibility standpoint in future research.

Below we describe our framework and show how these constructs are related in Figures 4 and 5.

Resources: According to CLT and MRT, people have multiple resources available to them. In the context of ISR,
we can generalise these resources and delineate them as: (i) internal resources that pertain to the user. These
can be either cognitive (e.g. working memory, attention, etc.) or physical (e.g. metabolic energy, strength, etc.),
and; (ii) external resources, which the user has available to them (e.g. time, money, labour, etc.)

Resource Capacity: All resources are limited in capacity (e.g. the number of items that can be held in working
memory or the amount of time available to complete a task). The capacities of resources are not fixed, and may
vary over time. For example, through practice or training a user may increase their working memory capacity,
but if they are stressed or fatigued, then this capacity may be reduced. Alternatively, if a deadline is suddenly
moved forward then the amount of time available is decreased, however if the deadline is extended, then the
amount of time available is increased.

Demand: Demands emerge from the properties of the task, system, and more generally the context. Demand will
regulate how much of the internal resources (cognitive/physical) need to be exerted or expended, and also direct
how much of the external resources will need to be paid or spent to perform the task using the system in the
given context. Demand is dynamic and will fluctuate throughout the course of the task.

Load: In alignment with theory from Psychology, we categorise cognitive load and workload under the umbrella
term “load”. Given a particular resource, and the demand imposed by the task, system, and context, we can
generalize the construct of load from CLT in the context of ISR to refer to the amount of resource (internal or
external) being consumed at a given point in time.
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Fig. 4. The relationships between CEL constructs

Overload: Taken together, the construct of overload occurs when the demands of the task, system and context
exceed the capacity of the resource(s). For example, if the amount of working memory or attention required
exceeds the individual’s capacity they are likely to experience overload.

Effort: In the context of ISR, we see effort as a user-sided construct that reflects the total amount of internal
resources that are exerted or expended, over a given period of time, in order to meet the demands of the task,
system and context. In Figure 5, the bottom plot shows how effort is related to load, where effort is the total load
experienced over time (i.e. the area under the curve).

Cost: We delineate cost from effort specifically in terms of the resources they relate to. Cost is considered with
respect to external resources (e.g. money, time, human resources etc.) that are spent or paid by the user in order
to meet the demands of the task, system and context.
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Fig. 5. A graphical depiction of the relationship of the load experienced by a user over time for a given internal resource. When
the load demanded by the task, system and context exceeds the capacity of the user’s resource, then they hit overload. The effort
experienced by the user is the total load over time (i.e. the area under the curve).

In the context of ISR, the above definitions come together as follows: During an interactive search task, demands
will arise from the characteristics of the search task itself (i.e. task difficulty) and also from the system (i.e. search
engine result page layout, etc.). The user has internal (cognitive and physical) resources they can draw on to attend to
these demands, such as holding information in their working memory, or they may draw on external resources, such
as asking a colleague for help. If the demands become too high, these resources will reach their upper limit, and the
user will experience overload. In this case, the user may experience a decline in performance or stop the search task
altogether. In order to allocate resources across the duration of the task and to reach their task goal, the user must
consciously exert some kind of physical (e.g. typing a query) and cognitive activity (e.g. examining a results page). The
amount of effort exerted will depend on the amount of load experienced. As the user reaches the end of their search
task, cost can be considered as the external resources consumed or spent, for example the time spent on the task.

6.2 Problems with Existing CEL Measurement

This review has illustrated that there has been little innovation in the development of CEL measures within ISR. Search
interaction logs as methods of cost and effort measurement are as prevalent now as they were 40 years ago. While
measures derived from search logs offer an unobtrusive, relatively easy to collect proxy for cost and effort their use
has been criticised. For example, implicating time as an indicator of cognitive processing has been argued as “too
simplistic”, under the contention that it does not sufficiently consider the effects of other confounding variables such
as the task, topic, and other individual characteristics [75]. The use of measures derived from search interaction logs
assume that users will behave in a predisposed or stereotypical way, however as every user interaction with a system
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and its information is unique in terms of the physical, cognitive, and affective experience - is it possible for these
fixed values to accurately capture the individual experiences of the user? It has been argued that the value of search
interaction signals can only be obtained if there is a strong consideration for the context, purpose, and nature of what is
being examined [73]. However, even in these circumstances, there is still uncertainty as to which construct is actually
being measured. Measures of cost and effort such as number of mouse clicks have been implicated in other studies
outside this review as strong indicators of topical interest [26, 140]. Similarly dwell time and time-on-task, frequent
measures of cost and effort, have also been used as measures of user interest [26]; user satisfaction [42]; and relevance
[49]. Considering their prevalence and long-term use, it is likely that search interaction logs will remain a prominent
method of cost and effort measurement within ISR, therefore it is important that these measures are used as accurately
as possible. As discussed, measures derived from search logs used in isolation are unlikely able to represent and explain
complex phenomenon such as cost and effort. However, methodological triangulation is a technique which can help
increase the credibility and validity of research findings [113]. This approach generally promotes the use of multiple
data collection methods within a research study in order to overcome any fundamental biases which may occur from
using a single method [113].

More generally, effort and workload were the most widely measured constructs across the reviewed studies. A key
observation however, was that both effort and workload were rarely treated as the primary focus of the study. Rather it
appeared that many studies included effort and workload measures, particularly in the form of self-report, as a “quick
and dirty” approach for gathering user perceptions of the task or interface demands. While subjective methods can
provide an indication of the overall task demand or the total work performed by the user, the ad-hoc and subjective
nature of these measures can tell us very little about which specific elements or aspects of the task, system, or interface
led to higher effort exertion or workload. Cognitive load on the other hand, when measured correctly, has the potential
to inform researchers of specific moments in time when the user experiences increased load. As high levels of cognitive
load can be detrimental to both the individual and task performance, understanding where these higher levels of load
occur can be very beneficial to advancing interface design, and developing tools which could support the user during
the performance of more complex tasks. Considering the important insights to be gained from measuring cognitive
load, the construct itself was examined the least of all CEL constructs. More interestingly, cognitive load has not been
measured within ISR since 2014- around the same time that examination of workload took off and has since prevailed.
We can only speculate reasons why this may be - perhaps the complex nature of cognitive load combined with the
lack of a “quick and dirty” measure has rendered the construct less appealing to measure? Nevertheless, we argue that
there may be more insights to be gained from measuring constructs such as cognitive load within ISR - particularly
in understanding what specific elements of the search process contribute to a users cognitive load and how this may
impact system usability and user task performance.

6.3 Suggestions for Future Research

Similar to the prevalence of search interaction logs as measures of cost and effort, the NASA-TLX has become the
silver bullet of workload measurement within ISR. However, the over-use of this tool may be indicative of the wider
issue, where face validity alone is consideried adequate justification of an instruments utility. Considering the problems
associated with the use of the NASA-TLX within ISR and self-report measures more generally, perhaps it is necessary
for the field to explore alternate methods of workload measurement. Fields outside ISR, such as Human Factors have in
recent years advocated the use of physiological measures (see Charles and Nixon [20] for a review) as a robust measure
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of mental workload. Signals derived from electrocardiographic, respiratory, dermal, and blood pressure measures are all
found to discriminate between the mental workload imposed by task type, task demand, and task difficulty [20].

While we have argued the advantages of cognitive load examination, these can only be gained if the different types
of cognitive load are acknowledged when measuring cognitive load. While the findings of this review highlight a lack
of measurement instruments applicable to the different types of load, utilising tools from other domains, such as the
the self-report questionnaire by Klepsch et al. [81] designed to measure all three different load types could offer a
useful alternative. However, acknowledging the well-known shortfalls of using self-report tools to measure dynamic
constructs such as cognitive load, future studies should aim to triangulate these with objective methods, to enhance the
validity of findings [15]. As with workload measurement, other domains outwith ISR such as Cognitive Neuroscience
have demonstrated the use of highly sensitive and precise physiological measures of cognitive load, i.e. functional
Magnetic Resonance Imaging (fMRI), where resource consumption in the brain can be measured directly and has the
potential to distinguish between the three types of load [123]. While these types of measures offer a promising future
for cognitive load measurement, their widespread deployment and use during in-situ or naturalistic experiments is
currently quite limited. Nonetheless, it is worth exploring a variety of methods to measure CEL constructs to determine
the trade-off between their scalability and accuracy. As a larger body of research examining the different types of
cognitive load emerges, a richer understanding of which techniques are most applicable to each load type can be gained
and in turn, some degree of unity can be formed in the standardisation of cognitive load measures within ISR.

Finally, this review highlighted that many of the studies may lack external validity, i.e., how well the results of a study
can be expected to apply to other settings. The majority of studies included higher education students as participants,
often using tasks which were not specific to their area or domain of study. As students are not the only users of search
systems, these results are likely not very generalisable to real-world populations. There is also the possibility that CEL
is more salient in other contexts and populations - which may not be well reflected among a student cohort or tasks
which are fairly inconsequential. If we consider professional search, then increased cognitive load during a search task
may pose significant problems. For example, information overload is a common problem within Legal IR [127], largely
due to the demanding characteristics of documents and the need to find accurate and complete information in a limited
amount of time [84]. Missing relevant documents due to these increased demands can have costly consequences such
as undermining knowledge acquisition and even access to justice [93, 127].

Similarly, when conducting systematic reviews within the Healthcare domain, the systematic reviewer is to assess
or “screen” which articles are pertinent to the research question - and which are not [102]. As with the Legal domain,
the consequences of missing a relevant document are high -where potentially life-saving medical research could be
missed. Considering the importance of CEL within professional search domains such as legal search or healthcare, this
review highlighted that very little research has directly examined these constructs within these search contexts. Thus,
to gain a fuller understanding of the complexities and nuances of CEL, the ISR community should strive to recruit a
more diverse user base to participate in these studies, particularly in search contexts where problems with CEL may be
more salient and consequential.

6.4 Acknowledgement of Contributions and Limitations of Review

On a final note, it is important to acknowledge the contributions made by researchers of CEL within ISR and the
limitations of this review. Firstly, all of the articles included this review have provided a significant contribution to our
understanding of CEL within ISR. The purpose of this review is not intended as a critique of these research efforts but
rather to discover and analyse areas of divergence and consensus between researchers in relation to how CEL is defined
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and measured. Secondly, this review does not claim to include every article written about CEL within ISR - rather this
set is only representative of CEL studies which fulfilled our inclusion criteria, and even then it is still possible that some
articles were missed due to limitations of the database search or through human error. Additionally, coding the articles,
particularly in relation to the definitions and measures was not always a straightforward task. Definitions were not
always stated explicitly and subsequently these were more difficult to identify and extract than studies which provided
explicit definitions. Similarly, some studies were not explicit about which units of measurement were used as indicators
of CEL, particularly in the results section of articles. In these cases, the more qualitative nature of coding may imply
our reported results are less replicable than others derived from more explicit definitions and measures. Finally, it is
important to raise the issue that we did not consider other constructs related to cost, effort, and load such as difficulty
and complexity in our working definitions.

7 CONCLUSIONS

The purpose of this review was to document and examine the constructs of cost, effort, and load, as they are currently
defined and measured in studies across the field of ISR. A key goal of this review was to discover and analyse areas
of convergence among ISR researchers in relation to how each CEL construct is defined and subsequently measured.
Despite the lack of definitions provided, the review identified several conceptual similarities among researchers. This
convergence may provide a potential starting point for development towards a unified approach to CEL definition
within ISR. Even without a unified approach to CEL definition within ISR, it is hoped that future research will focus
efforts on providing clear and precise definitions and ground empirical work in well established theory. By framing
CEL measurement within the boundaries of theory and concise conceptualisation, the assumptions and limitations of
existing measures should become more transparent.
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