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Abstract

The amount of digital information available in the Internet and various In-

tranets often causes information-overload, significantly increasing the amount

of time and cognitive resources needed to acquire relevant and accurate in-

formation. When searching for information to address complex problems,

users spend significant amount of time clicking through search-query re-

sults and reformulating the search if the results are not satisfactory. This

is a tedious and challenging task and has a negative impact on the global

economy.

Personalisation and contextualisation techniques intend to address the above

mentioned problem. Such techniques help to derive additional information

from the history of the past user interactions (user profile) or the current

context of interaction. This information is used to refine the search results

in order to narrow down the scope of search queries for better results.

One of the key requirements for the development of personalised or con-

textualised search utilities is consistency of human behaviour. It is only

possible to predict user future preferences and actions if they are correlated

with past behaviour. This fact is frequently ignored in the current IR lit-

erature even though empirical evidence clearly illustrates that humans are

very inconsistent when interacting with information. This leads to very low

predictive validity of existing contextualisation/personalisation IR imple-

mentations.

This thesis hypothesises that HIB could be consistent under certain contex-

tual and task specific conditions. The thesis claims that a large proportion

of our daily information activities are highly consistent and also meet the

definition of habitual behaviours. In other words, even though empirical

evidence clearly illustrates that on average human information behaviour is



very complex and dependent on thousands of factors, there will exist a small

group of daily activities which are highly consistent and can be supported

effectively by modern IR utilities. As a consequence the development of

highly effective personalised or contextualised solutions are feasible.

In order to prove the above mentioned hypothesis User Study 1 (diary study)

was carried out. User Study 1 revealed that a significant proportion of our

daily information interaction is indeed consistent (49%) and a significant

proportion of this can be classified as habitual (41.9%). User Study 1 also

confirmed that the behaviour of participants is consistent only when the

same tasks are carried out in the same context and under the same emo-

tional user state. Finally User Study 1 confirmed that the behavioural con-

sistencies are highly individual and affected by a number of external factors.

However there exists no HIB model or research methodology which can help

to identify the external factors systematically and take advantage of them

during IR system design. Therefore this research proposes an ”Integrated

Framework for HIB in-situ” which intends to fill the above mentioned gap

in knowledge.

The framework was designed to support the development of Information Re-

trieval utilities based on consistent behaviour of clearly defined user groups

and their problems. In order to illustrate its applicability a single user

group was selected. The proposed framework was successfully applied to

the problem of work-related activities of software engineers. The framework

allowed for identification of a more specific user group of software developers

and narrowed down the investigated task to code development/debugging.

In the next step the framework allowed for shortlisting a number of be-

haviours which had a significant potential for consistency. The consistency

of the shortlisted behaviours and their correlation to relevance was veri-

fied through User Study 2 (questionnaire). The key shortlisted behaviours

were further analysed through User Study 3 (fully automated, long lasting

ethnographic study) which allowed for the identification of factors that have

a key impact on behavioural variance. The analysis revealed a number of

consistent behaviours (implicit-feedback indicators) that can be used for



prediction of document relevance. Importantly User Studies 1 and 3 vali-

dated the research hypothesis on a specific case study of software engineers.

However the proposed framework is based on very basic cognitive mecha-

nisms responsible for the human decision-making process and as a conse-

quence is highly generalizable to other user and problem groups.
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Glossary

Attitude (Psychology) A psychological ten-

dency that is expressed by evaluat-

ing a particular entity with some de-

gree of favour or disfavour (Eagly and

Chaiken, 1998).

Attitude Toward the Behavior Is a degree

to which the behaviour is positively

or negatively perceived.

Black Box Model An approach to the analy-

sis of complex systems without the

need to understand the construct of

its internals.

Human Computer Information Retrieval (HCIR)

A research area in library and in-

formation science that lies on the

intersection of Human-computer in-

teraction and Information Retrieval

(IR).

Human Information Behaviour (HIB) A

research area in library and infor-

mation science that focuses on inves-

tigation of human interaction with

information resources. The discipline

lies on the intersection of library and

information sciences, cognitive psy-

chology and Human Computer Be-

haviour.

Inforamtion Relevance Is a subjective value

denoting the extent to which an

information meets the Information

Need of a user.

Information Litearcy Ability to make effec-

tive use of information sources in-

cluding libraries, catalogue systems,

computer systems and other sources.

Information Need Is a desire, experienced by

an individual or a group, to obtain

an information.

Information Object An entity of information

with which the user or computer sys-

tem interacts.

Information Overload A state at which an in-

dividual is exposed of too much infor-

mation.

Information Poverty A state at which an in-

dividual does not have the informa-

tion that one requires nor the capa-

bility to find it.

Information Retrieval (IR) A research area

in library and information science

that focuses on investigation of the

process of finding relevant informa-

tion in large information systems and

design of such systems.

Information Seeking and Retrieval (IS&R)

A research area in library and infor-

mation science that focuses on in-

vestigation of the process of finding

relevant information regardless of the

location and format of the retrieved

information.

Modearting Factor A factor that affects the

relation between two other variables.

Perceived Behavioral Control The amount

the control the human believes he has

over a behaviour.

Predictive Validity Is a measure of agree-

ment between results obtained by

an indirect instrument (e.g. im-

plicit relevance-feedback evaluation)

and results obtained through a more

direct observation.
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Subjective Norm Represents a perceived so-

cial pressure related to a behaviour.

Systems Oriented approach to IR An ap-

proach to Information Retrieval that

focuses on the design of information

retrieval systems marginalising the

role of the user.

User Oriented approach to IR An ap-

proach to Information Retrieval that

focuses on the user interaction with

information retrieval systems.

xx



1

Introduction

1.1 Introduction

The importance of Information Management and Information Retrieval systems is un-

questionable in the modern society and both individuals as well as companies recognise

the benefits of being able to find information effectively. In contrast to the basic In-

ternet search dominated by Microsoft, Google, etc., the specialist or enterprise search

solutions are still underdeveloped. ’Page Rank’ and similar algorithms which are very

effective when working with highly cross linked HTML do not work:

• outside of the Internet domain (e.g within Intranet networks);

• with more complex data types;

• HTML not meeting the search engine requirements (e.g. not cross linked or

dominated by non HTML content);

• when the HTML has a dynamically changing nature (e.g. Internet shops, mobile

application stores, source code repositories, image repositories, etc.).

Without the back-link information such systems do not have any basis for assessing

the relevance of the information apart from the direct comparison of the query to the

textual content of the document. Achieving high levels of relevance based exclusively

on semantic analysis, because of a complex nature of human language and the subjec-

tive nature of the concept of relevance, is very difficult (if possible at all). To make

things even more complex for the majority of users formulating an effective search
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query, especially from outside of their domain expertise is a cognitively challenging

task. The unique qualities of individual expression, limit keyword-based search engines

and Information Retrieval (IR) systems.

As a consequence for years now there exists a high demand for dedicated Informa-

tion Seeking and Management utilities, that are designed in order to support needs

of dedicated user groups, that have to work with non Internet (e.g. Intranet) or non

mainstream information.

This thesis is a direct result of the author’s observation of this problem during his

work as an Information System developer and then architect in both Microsoft Poland

and Trinity Expert Systems Limited (partner and sponsor of this research). When

working with multiple customers it was normal process to ask the information workers

about properties that constitute valid and valuable information and to try to under-

stand how they interact with, search and re-use that information. Such analysis led

usually to the development of complex information systems integrating their everyday

work tools (e.g. Outlook, Word, Excel and SAP) with Information Seeking and Man-

agement utilities custom designed for particular group needs. After a while it became

apparent that even though people are having issues describing the properties of relevant

information they are very good at identifying it once they have found it. This leads to

the idea illustrated in Figure 1.1 which is based on the assumption that the users will

be capable of identifying relevant information and providing feedback to the computer

system. This feedback can be provided either explicitly, through users evaluating doc-

ument relevance or implicitly through the system observing the behaviours that can

indicate relevance (e.g. printing the document).

Feedback based personalisation and contextualization described above, is very promis-

ing and for years now has attracted a lot of attention in the Information Seeking and

Retrieval (IS&R) domain. At the point of initial investigation and largely until today it

was widely believed that through gaining an understanding of user intentions and the

environment in which the user interacts, IR systems can be improved (Teevan et al.,

2010). It is believed that the knowledge of accurate search context or the user profile

can allow IR systems to improve the search experience even when ambiguous search

queries are used (e.g. distinguish whether the user searching for a jaguar is interested

in an animal; car marque; Mac OS version; British heavy metal band or other) or when

the relevance cannot be estimated using ’Page Rank’ like algorithms.
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Figure 1.1: Relevance-Feedback IS&R System - High level diagram of the relevance-

feedback IS&R System

Attractive as it may seem the design of universal relevance-feedback systems faces

a number of challenges. Empirical results investigating the human perception of infor-

mation relevance suggest that it is a very fragile concept, not only changing in time,

but also highly affected by the widely misunderstood context of the interaction. What

is more important, behaviours indicating relevance (e.g. implicit-feedback indicators

such as printing or reading time) vary with a multitude of factors such as:

• Domain expertise (Kelly and Cool, 2002; Sihvonen and Vakkari, 2004; White

et al., 2009; Wilson, 2000),

• Cognitive Ability (Tu et al., 2008; Xu and Wang, 2008),

• Task and Problem (Marchionini, 2006; Saracevic et al., 1997; Tu et al., 2008),

• Search expertise (Lazonder et al., 2000; Tu et al., 2008; White and Morris, 2007;

Zhang et al., 2005),

• Presentation Order (Bar-Ilan et al., 2009; Keane et al., 2008; Purgailis Parker

and Johnson, 1990; Xu and Wang, 2008),

• Personality (Halder et al., 2010; Heinstrm, 2003; Heinstrm, 2005),

• Cognitive Style (Ford et al., 2002; Graff et al., 2001; Kim, 2001a; Wood et al.,

1996),
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• Language and culture (Dong and Lee, 2008; Graff et al., 2001; Kralisch and

Berendt, 2004; Li and Kirkup, 2007),

• Demographics (Almutairi, 2011; KiM, 2008a; Large et al., 2002; Roy and Chi,

2003),

• Information object (Buda and Zhang, 2000; Kelly and Teevan, 2003; Oard and

Kim, 2001; Purgailis Parker and Johnson, 1990),

• Number of documents (Bar-Ilan et al., 2009; Huang and Wang, 2004; Murphy

et al., 2006; Oulasvirta et al., 2009; Piorkowski et al., 2012a),

• Presentation format (Joachims et al., 2005; Keane et al., 2008),

• Presentation order (Elsenberg and Barr, 1988; Huang and Wang, 2004; Manton-

akis et al., 2009; Purgailis Parker and Johnson, 1990; Xu and Wang, 2008),

• Epistemological Believes (Marchionini, 2006; Tu et al., 2008; White and Roth,

2009),

• Metacognitive Ability (Ford, 2004; Ford et al., 2005; Gross, 2005),

• Physical Environment (Case, 2007; Cool, 2001; Dervin, 1997; Johnson, 2000),

• and many more (for a comprehensive literature review of factors affecting human

perception of relevance refer to Saracevic (2007)).

The above provides a very limited list of empirical studies investigating the impact

of various environmental, situational or personal factors on Human Information Be-

haviour (HIB). The review of theoretical work in HIB and especially the analysis of the

model of HIB reveals an even higher level of human behavioural complexity. Models

or methodologies such as Dervin’s Sense Making (Dervin, 1983); Wilson’s Model (Wil-

son, 2000); Belkin’s Anomalous State of Knowledge Belkin (1980) or Ellis’s Model of

Information Seeking Behaviour Ellis and Haugan (1997), add tens of factors affecting

the decision-making process. Further literature reveals thousands of additional factors

spread across hundreds of models making the complexity of the problem unmanageable

(i.e. the literature review carried out by Fisher and Julien (2005) reveals 72 distinct

models with thousands of factors).
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This does not prove that inferring understanding about information relevance from

human behaviour is not possible. On the contrary all of the above research is founded

on the assumption of human mechanistic consistency and machine like repeatability.

The above research simply identifies an existence of a variation in human behaviour

which is caused by the differences in the environment, problem or user over time. The

fact that the models assume the machine like nature of a human being does not mean

that they make the design process of IR computer systems easier or provide utilities

for managing the claimed behavioural complexity. On the contrary, the number of

identified factors, complexity and the level of interaction between them makes the

problem almost unmanageable.

The above had a significant impact on this research because it was not possible to

systematically capture user domain expertise, cognitive ability and most of the factors

listed above. Therefore it became necessary to seek other approaches and methodolo-

gies to support the system design and validation process. Even though the review of

psychological literature which followed identified a number of potential approaches that

could be used, it was not easily applicable within the IS&R domain. The literature

review identified few cross references between IR and Library Science literature but

more importantly even fewer references between widely understood IS&R research and

psychological research. The above is widely recognised in the IS&R community and

referred to in the literature as a ’Gap in Information Retrieval’ (Belkin, 2008; Ingw-

ersen, 1996; Saracevic, 1997b; Wilson, 2008)). White and McCain (1998) empirically

illustrated the existence of the ’Gap’ through numerous co-citation analysis studies (see

the results of this research illustrated in figure 1.2). The existence of the ’Gap’ leads to

the situation where the multitude of the proposed models/meta theories is rarely sup-

ported with any empirical evidence (e.g. analysis of behaviour of real users, or design

and validation of real IR systems) or the evidence is sparse and very generic.

Similarly, even though the cognitive mechanisms responsible for Information Seek-

ing Behaviour are the same during problem-solving and ”Information Foraging”, there

exists a very limited amount of literature referencing the findings of modern psycho-

logical or even Human Computer Interaction research (see figure 1.3).

The above is very unfortunate as the psychological and social research, throughout

decades developed a number of methodologies and behavioural theories that can and

indeed are successfully applied to the problem of prediction of human behaviour (i.e.
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Figure 1.2: Co-citation IR vs Library Science - The gap in Information Retrieval

illustrated through co-citation analysis

of health related behaviours, consumer behaviours, racist behaviours, voter behaviours

and many more). Jackson (2005) reviews a wealth of theories (approximately 40)

which are not only well founded in theoretical psychology research but also supported

by experimental as well as real life/commercial data. Rational Choice Theory (Scott,

2000) and Adjusted Expectancy-Value Theories (Reynolds and Gutman, 1988), includ-

ing the Theory of Planned Behaviour to which this thesis refers extensively (Ajzen,

2005) are two examples. Another example are approaches/methodologies referred to as

Integrative Theories of Consumer Behaviour (Giddens, 1984). Even though frequently

criticised for numerous limitations, has decades of track record and thousands of suc-

cessful commercial and real life applications. Just the Theory of Planned Behaviour

has been successfully applied to thousands of empirical studies effectively predicting

and controlling human behaviour of various nature (Armitage and Conner, 2001).

It is also important to note that there is no reason why one should assume that

HIB is in any way different from our everyday behaviour and interaction with non

computer/library related information. It would be a highly risky assumption to claim

that the cognitive processes involved in searching for information are different from

those employed when solving other everyday problems, and indeed there exists no
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1.1 Introduction

Figure 1.3: Co-citation Psychology vs Library Science - The gap in HIB illustrated

through co-citation analysis
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research trying to successfully claim that. On the contrary, there exists a branch

of research investigating human information foraging Pirolli and Card (1999) which

investigates the extent to which human beings apply their basic food gathering instincts

when searching for information.

The review of the above mentioned literature and the evident gap in information

sciences shaped the scope of this research. This study, which was born as an attempt

to develop a highly personalised implicit-feedback search utility for software developers

was transformed into a wider study of consistency/predictability of human information

interaction. The lack of HIB specific literature investigating the fundamental concepts

of human consistency led to the need to reinvestigate the concept of consistency and

revisit the way it is being analysed in IS&R research. The above investigation led to

the development of the proposed research framework (’Integrated Framework for HIB

in-situ’ discussed in chapter 4) and its application to the group of software developers

(chapter 5). This also allowed the delivery of the primary goal of the EPSRC funding

which was the design of the implicit-feedback system for software developer, work-

related IR (chapter 6).

Currently, the results of investigation of HIB consistency and especially the philos-

ophy of the proposed framework are being applied to a number of commercial research

projects at Jaguar Land Rover Research as well as forming the foundation of further

PhD studies. It is the author’s ambition that with time and with further work invested

in documentation it will be possible to transform what is now a research framework into

a system design methodology/process. This will require the further documentation of

research examples illustrating the process and further development of experiment tools,

together with further dissemination not only in the research community but more im-

portantly in the software development environment.

1.2 The problem of HIB consistency and the research hy-

pothesis

An important aspect of the IR research is the assumption of human behavioural con-

sistency. The problem of human behavioural consistency is not only central to this

research but also a fundamental and key philosophical assumption of any research dis-

cipline. Personalised IR is only possible if there is a correlation between user past and
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1.2 The problem of HIB consistency and the research hypothesis

future behaviour. It is not possible to consider any form of contextualisation or per-

sonalisation if Human Information Behaviour (HIB) is not at least partially consistent.

Even if human behaviour cannot be perceived as mechanistic/functional a probabilistic

model of human behaviour has to exist for the prediction of user information interests

to be possible.

Despite the importance of the problem current research takes user stability and

rationality for granted and rarely investigates the issues of Human Behavioural Consis-

tency. The existence of a causal relationship between user past behaviour and future

choices and needs became an axiom of many IS&R (Information Seeking and Retrieval)

disciplines. This might be justified by the fact that people like to believe that their

own thoughts, emotions and actions are rational and consistent within a given context.

Unfortunately the evidence does not support this hypothesis. The empirical research

(illustrated in Chapter 2) clearly shows that the human consistency is ”more apparent

than real” (Ajzen, 2005). The empirical research (Ellis, 1996; Kraus, 1995; Paunonen,

2003; Saracevic, 2007; Wicker, 1969) illustrates that the correlation between individual

instances of human behaviour is very low and in most of the studies it rarely reaches

p=.3 applying Pearson’s correlation coefficient. Importantly, if humans are irrational

and their individual behaviours are not correlated to each other it makes little sense to

use past history of user behaviour to predict future user choices.

This thesis investigates the notion of human behavioural consistency in the con-

text of IS&R. The goal of this thesis is to investigate the conditions in which Human

Information Behaviour is consistent and personalisation/contextualisation of IR sys-

tems is achievable. The above goal can be summarised through the following research

hypothesis:

”Human Information Behaviour (under certain conditions identifiable

by the proposed methodology) is consistent and as a consequence can be

used for development of IS&R utilities”

In order to achieve the above the thesis investigates the psychological mechanisms

(e.g. decision-making and learning processes) of human consistency and discusses how

they impact the IS&R process. The thesis provides a detailed study of human gen-

eral (psychological literature review) and information-related (HIB literature review)

consistency and discusses the factors that affect the human variability. Furthermore
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1. INTRODUCTION

it discusses how the variability of human behaviour affects the efficiency of the ex-

isting IR solutions and how the knowledge of factors affecting this variability can be

used to improve the user search experience. The research proposes a new integrated

framework that can be used in IS&R research and IR system implementation. The

proposed framework can be systematically used to overcome the challenges introduced

by user behavioural variability for effective IR design. Finally the proposed framework

is applied to a case study of Software Developers and their work-related information

problems in order to illustrate its validity and simplicity of use.

The rest of this chapter is organised as follows. Section 1.3 provides a background

for the research. It discusses the overall problem of behavioural consistency and its

importance for the development of personalised and context sensitive IR solutions.

Section 1.4 discusses the motivation for this research. Section 1.5 illustrates the goal of

the research and lists the key aims and objectives of the thesis. Section 1.6 introduces

the research methodology listing the key steps required to achieve the highlighted goals.

Section 1.7 briefly discusses the contribution of the research. Section 1.8 provides an

overview of the rest of the thesis.

1.3 Background

Personalisation and contextualisation of the IR utilities is one of the key trends in

IS&R research. There exists a significant body of research, both purely academic as

well commercially driven (by Microsoft, Yahoo, Google and many other intranet search

providers) focusing on the development of various personalised and contextualised IR

solutions.

One of the most interesting branches of the new IR research focuses on interpretation

of human interaction with computer systems to learn about user information interests

and to tailor future search based on that knowledge. Such approaches interpret user

micro-behaviour, such as reading time or the click pattern of the user, to estimate

the relevance of the currently viewed documents (Kelly and Teevan, 2003). Through

their behaviour users provide the IR system with implicit relevance-feedback which in

contrast to the explicit feedback does not require the user to take any additional actions

such as rating the content (Back and Oppenheim, 2001).
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Many IR solutions use a rich combination of observable factors of human behaviour

to decide about user perception of relevance, create a user profile or estimate the extent

of user expertise (Hembrooke et al., 2005; Joachims et al., 2005, 2007; Kelly and Belkin,

2004; Kelly and Teevan, 2003; Lee et al., 2008; Poblete and Baeza-Yates, 2008; Spink

and Losee, 1996; White and Kelly, 2006). The systems use the relevance-feedback to

adjust the search results or the details of UI (displaying various forms of information

depending on the IR context, e.g. map view, images, Wikipedia view) enhancing user

experience or maximising advertising effectiveness.

The main criticism of the contextualisation and personalisation solutions (as dis-

cussed above) lies in the following assumptions to make the approach feasible:

• Human beings are consistent and rational.

• This rationality leads to the existence of correlations between elements of context

and user behaviour.

• The correlation between the observable elements of context explains a significant

proportion of behavioural variance.

• The correlation changes predictably in time.

• The correlation is not unique for individuals but can be generalised to wider user

populations.

As one can see the notion of human rationality and consistency, its existence and

extent, is a key for successful contextualised IR design. Unfortunately there exists still

a very limited amount of research focusing on the problem of human information consis-

tency during IR. As a consequence the extent of human information-related consistency

and the way it is affected by moderating-factors is still not fully understood.

Even though the recent decade brought significant progress in our understanding

of the mechanisms of user information-related interaction it also revealed a number

of problems related to the behaviour based approaches to IR. The key problem faced

by all of the personalised and contextualised IR approaches is a very high level of

observed behavioural inconsistency that affects the performance. The observed HIB

inconsistency results in low predictive validity of the solutions based on user behaviour
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prediction and as a consequence prevents the widespread commercialization of such

utilities.

The empirical research on HIB has identified an inconsistency of user behaviour

across individual instances of information interaction. The experiments on the use of

click-through information, the utility of reading time as a source of relevance informa-

tion or on the use of session level variables of interaction, confirmed the findings of

theoretical models of HIB identifying a very high variability of human responses. The

experimental results confirmed that humans do not make the relevance decision exclu-

sively based on the search problem and the semantic similarity of retrieved documents.

Instead the decision is highly dependent on an overwhelming number of factors related

to the interaction context, task attributes and the character, experience and disposition

of the user. For example:

• User reading time varies between the interactions depending on the extent of

user domain knowledge, search engine expertise, task properties and cognitive

ability. This makes the use of reading time as an implicit-feedback indicator very

difficult, as the correlation of this variable with relevance, changes across different

contextual settings, tasks and users (Case, 2007; Dervin and Clark, 1999; Dervin

et al., 2003; Fidel et al., 2004; Fisher and Julien, 2005; Ingwersen and Järvelin,

2007; Saracevic, 1996, 1997a; Savolainen, 1995; Spink and Cole, 2005; Spink and

Heinström, 2011; Wilson, 1999).

• User click through pattern is highly affected by the information presentation

format, number of presented documents, user search experience, type and trust

of the search tool and importantly the presentation order itself (Bar-Ilan et al.,

2009; Elsenberg and Barr, 1988; Huang and Wang, 2004; Joachims et al., 2005,

2007; Keane et al., 2008; Murphy et al., 2006; Purgailis Parker and Johnson, 1990;

Xu and Wang, 2008).

• The use of retention actions (e.g. copy and pasting, saving, bookmarking, print-

ing, etc.) is affected by the nature of the task carried out and can change from

zero to tens or hundreds daily (Cooper and Chen, 2001; Kim et al., 2004; Oard

and Kim, 2001; Zhang and Seo, 2001).
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The empirical research discussed above and extended in the literature review (chap-

ter 2), clearly illustrates that HIB changes very rapidly along with the multiple con-

textual, user and task related factors, making the personalised/contextualised IR de-

velopment infeasible until the nature of those variations is further understood.

This observation has theoretical support as well. The analysis of just two HIB

models, presented in Figure 1.4, makes it clear that the human information response is

dependant not only on the semantic content of the document, but also on a big amount

of user, context and task related factors. Even though there are substantial differences

between the Wilson’s and Dervin’s model they both clearly show that:

• The decision about the information relevance is based on a variety of factors.

• The way this decision is made and the impact of individual factors on this decision

is a continuously changing process.

In the case of Wilson’s model (Figure 1.4 left) the IR process is enclosed in a positive

feedback loop. In this case the results of IR feed back to the person’s perception of the

problem and the context of retrieval. In the case of Dervin’s model (Figure 1.4 right)

the user is in a never ending IR journey travelling from one situation to another and

never carrying out the IR process from the same perspective.

Figure 1.4: Two exemplary HIB models - Wilson’s information behaviour model on

the left and Dervin’s sense making model on the right

The complexity of the information-related decision-making process, moderating-

factors, their interdependence and frequency of behavioural change, makes the inter-

pretation of user responses a very challenging task. As a consequence the development
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of personalised IR solutions based on behavioural analysis is complex and there is

still a potential for further research in this domain. Such complexity, which mani-

fests itself as an in-consistency of HIB across individual information interactions, raises

questions regarding the extent of human rationality, consistency and as a consequence,

predictability.

Even though a number of research methodologies exist intending to address the

problem of HIB observed inconsistency (Case, 2007; Dervin et al., 2003; Fidel et al.,

2004; Fisher and Julien, 2005; Ingwersen and Järvelin, 2007; Saracevic, 1996, 1997a;

Savolainen, 1995; Spink and Cole, 2005; Spink and Heinström, 2011; Wilson, 1999),

so far there does not exist a methodology that would overcome the challenges of HIB

variability during the personalisation/contextualisation of IR.

The observed human inconsistency is not a unique challenge of IS&R research and

various attempts have been carried out previously in the psychological domain in order

to understand the human behavioural variability. The literature review in this domain

is much more mature (i.e. more than 100 years of research) and as a consequence

reveals even more the complex nature of the problem, but also offers a variety of ways to

address it that can be reused in the IS&R domain. The research in Cognitive Psychology

(Ajzen, 2005) confirms that the outcome of the problem-solving and decision-making

process cannot be estimated in isolation nor through analysis of the limited number of

moderating-factors (e.g. domain or web expertise). Moreover, the empirical research

illustrates, that the predictive validity of approaches based on moderating-factors is

very low and their correlation with the results of user action is rarely higher than

p=0.3. This does not mean that the HIB is not rational or consistent but explains the

low efficiency of the current IR utilities.

There exists a number of behavioural change theories explaining human behaviour

with much higher accuracy. For example the ”Theory of Planned Behaviour” explains

more than 30% of behavioural variance. The theory is widely used for prediction of

consumer behaviour, health or environment related behaviours (Ajzen, 2011; Armitage

and Conner, 2001; Fishbein and Ajzen, 2009; Schulze and Wittmann, 2003). Similarly,

theoretical and empirical research in habit development and behavioural automaticity

suggests that a big proportion of our daily activities is highly repeatable (Ouellette and

Wood, 1998; Wood et al., 2002). What is more important, the research results suggest
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that frequent and consistent past behaviour is a good predictor of future behaviour

(Ajzen, 2002; Bargh, 2007) which supports the hypothesis of this research.

The results of the last 60 years of cognitive psychology research suggest not only

a high feasibility of personalised and task sensitive IR development but also point out

the difficulties of the existing approaches, especially approaches based on moderating-

variables.

1.4 Motivation

The work presented in this thesis is motivated by the two key shortcomings of the

existing knowledge:

• Lack of models/frameworks allowing for better understanding of the HIB consis-

tency: Current HIB models provide us with an in-depth understanding of what

environmental and user variables are impacting the HIB. They provide an exten-

sive list of groups of factors that should be considered as part of IR context. The

HIB research explains extensively the cognitive mechanisms responsible for IR re-

lated problem-solving and decision-making. Models/research methodologies such

as the Sense Making Approach (Dervin, 1983; Dervin et al., 2003), the Holistic

Cognitive Theory of IR (Ingwersen and Järvelin, 2007) or Wilson (2000) model of

HIB provide the research community with a foundation for the successful design

of IR and HIB experiments. This unfortunately does not have a direct impact on

our understanding of human consistency/rationality which is a necessary condi-

tion for personalised/contextualised IR development. The majority of the existing

models merely list the types of factors that affect HIB. They neither investigate

the way the factors impact the behaviour nor discuss the way this impact can

be captured, predicted or modelled. The work presented in this thesis intends to

address the above by investigating the nature of the above mentioned effects and

their repeatability/consistency.

• Lack of processes/methodologies that would allow for taking advantage of HIB

consistency for the personalised/contextualised IR development: Current HIB as

well as IS&R research also lacks frameworks/methodologies that can be used in

the systematic HIB research/IR design process. As discussed in the point above,
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there exists a gap between understanding the factors affecting the HIB and the

application of this knowledge for IR system design. This work intends to build

on the knowledge about HIB consistency and propose a research framework that

will help to fill this gap. The proposed ”Integrated Framework for HIB in-situ”

does not offer a universal understanding of HIB and all of the factors affecting

it but it does allow for systematic research leading to commercially viable IR

implementations.

1.5 Aims and objectives

The main aim of this research is to investigate when and to what extent, HIB is consis-

tent and how the knowledge about human consistency can be employed to the design

of effective IR solutions. To achieve the aim the following objectives have been set:

1. To investigate the existing personalised/contextualised Information Retrieval re-

search in order to understand the HIB Consistency problem.

2. To investigate the factors impacting the Human Behavioural Consistency and as

a consequence the efficiency of personalised/contextualised IR.

3. To investigate the feasibility of IR personalisation/contextualisation in conditions

of low HIB consistency.

4. To validate the hypothesis of user consistency through user studies.

5. To propose a framework for contextualised/personalised IR system development

overcoming the challenges of HIB variability.

6. To evaluate the applicability of the proposed framework through:

• Applying the proposed framework to the case study in order to understand

the nature of environmental/contextual consistency of the selected popula-

tion.

• Applying the proposed framework to the case study in order to understand

the nature of behavioural consistency of the selected population for the iden-

tified consistent environments/contexts.
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• Applying the proposed framework to the case study in order to identify the

consistent behaviours that can be used for the development of personalised

IR systems.

1.6 Research methodology

Figure 1.5 shows an adopted methodology consisting of 6 stages as described below:

• Stage 1: The research opens with a general investigation of the existing ap-

proaches to personalised and task sensitive IR. The review focuses both on the

theoretical HIB research as well as the empirical IS&R literature.

• Stage 2: The second step relates to a much more focused literature review con-

centrating primarily on the problem of HIB and its consistency. The branches

presented on the left of Figure 6 relate to the IR and Library Science research

whereas the branches on the right focus exclusively on the Cognitive research. The

goal of the review is to lay the foundation for the proposed generalised research

methodology referred in the rest of the thesis as the ”Integrated Framework for

HIB in-situ”.

• Stage 3: Based on the literature review a new methodology is proposed at this

stage which addresses the limitations of the existing approaches. The methodol-

ogy is applied at this stage in order to design the further user studies supporting

the aims and goals of the research with qualitative evidence.

• Stage 4: Focuses on the investigation of the environmental/contextual consis-

tency. The goal of this step is to investigate a wide range of user information

activities and to shed light on the overall probability density function of user con-

textual settings, tasks and user related moderating-variables. The overall goal

of this activity is to provide quantitative evidence supporting the hypothesis of

environmental/contextual consistency.

• Stage 5: Aims to identify a number of stable behavioural responses observed

in consistent contexts/environments. The goal of this step is to prove that IR

users respond consistently to reoccurring problems as long as they interact in
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consistent contexts/environments. Additionally at this stage, the nature of the

observed consistency is investigated and the factors affecting it discussed in detail.

• Stage 6: During this stage the identified consistent behaviours are further short-

listed. The further investigation is limited only to the behaviours that can be

taken advantage of during the personalised/context sensitive IR development. At

this point the further evidence supporting the hypothesis of human rationality

and consistency will be provided. Additionally at this stage the further analysis

of factors affecting the shortlisted behaviours will be carried out along with the

means of militating against their variability.

1.7 Contribution

The work presented in this thesis has four main outcomes contributing to knowledge:

• It identifies the conditions under which HIB is consistent.

• It proposes a new ”Integrated Framework for HIB in-situ” that supports the

process of analysis of Human Behavioural Consistency and allows for effective

personalised/contextualised IR development.

• It applies the proposed framework to the group of work-related tasks of software

developers validating the approach.

• It identifies a number of consistent behaviours that can be used in personalised/contextualised

IR development targeting software developers.

The rest of this section provides the reader with an overview of the above outcomes

and discusses how they contribute to the existing knowledge.

1.7.1 Nature of Human Information Behaviour Consistency

The major contribution of this research is the investigation of human information-

related consistency. The work described in this thesis illustrates that humans are

capable of making rational decisions regarding their information preferences and man-

ifest them in a consistent manner. On the other hand the research also demonstrates
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Figure 1.5: Research Methodology - The graphical illustration of the research method-

ology.
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that due to the number of factors affecting the human decision-making process the ob-

served behaviour varies significantly. In many cases the external observer can perceive

this complexity as inconsistency. The thesis illustrates under which conditions HIB is

visibly consistent and under which conditions high levels of behavioural variability can

be expected.

The results of the user studies illustrate that the behavioural variability (HIB in-

consistency) observed in the literature is caused by the changing perception of task,

perception of the context and changes of the user. The results also indicate that there

exists a number of tasks and contexts that are highly consistent in user life and to a high

extent lead to consistent behavioural responses. The above observation is supported

by the results of the user studies of this research that illustrate a non-uniform distri-

bution of moderating-factors supporting the hypothesis of the context/environmental

consistency. Similarly, for consistent tasks and context the results clearly illustrate non-

uniform distribution of user micro and macro behaviours supporting the hypothesis of

HIB consistency in those particular scenarios.

The research illustrates that this variability can be managed through the application

of the proposed research framework, substantially increasing the levels of observed

predictive validity. This makes not only the personalised/contextualised IR feasible,

but also because of the simplicity of the proposed framework, financially viable. This

is especially valid for commercial implementations focusing on tasks and user groups

that are highly dependent on information.

1.7.2 ”Integrated Framework for HIB in-situ” and its applicability to

IR

One of the major contributions to knowledge is the proposed ”Integrated Framework

for HIB in-situ” and its application to case study of software developers. The proposed

framework is based on two theories, namely: the Theory of Planned Behaviour and

Holistic Cognitive Theory of IR. The integration of these theories allows the achieve-

ment of high predictive validity and simplifies the IR design process.

The proposed framework can be applied to address any HIB problem and support

IR development regardless of the user group, task or context.
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1.7.3 Consistency of software developers’ Information Behaviour

The application of the proposed framework on the group of software developers il-

lustrates consistency in developers’ information behaviour. The results illustrate that

software developers engage in finite and quite limited information activities which lead

to a limited amount of information problems. The activities related to software devel-

opment are not only very frequent but lead to a small number of information problems

and information requirements. The results show that the way the problems are handled

is very clearly defined and that the response of the developer to relevant information

depends mainly on the problem classification. The results presented clearly illustrate

the applicability of the proposed methodology to this particular user group illustrating

its validity and ease of application.

1.7.4 Identification of strong implicit-feedback indicators for the pop-

ulation of software developers

The investigation of software developers’ consistency led to the identification of be-

haviours that have high correlation to relevance and therefore can be used for implicit-

feedback or collaborative-filtering. The shortlisted behaviours include:

• Direct code reuse practices at block level (distribution of cognition)

• Direct code reuse at subsystem and system level (opportunistic programming)

• Direct reuse of system level components e.g. libraries, classes, frameworks and

bigger components (component reuse)

• Indirect code and information reuse practices at different complexity levels (block,

subsystem, system)

The research investigated the user tendency to engage in the shortlisted behaviours,

their correlation to information relevance and reviewed the moderating-factors affecting

the variance. Similarly the research reviewed user preferences towards information

objects used during the interaction as well as preferences towards user interfaces.
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1.8 Thesis layout

The remainder of this thesis is divided into seven chapters each concluding with a brief

summary together with the key ideas and concepts for ease of reference:

1.8.1 Chapter 2: Background

Chapter 2 focuses on the overall discussion regarding consistency of human behaviour.

It discusses the key empirical research focusing on the problem of human consistency

and rationality both in IS&R and Cognitive Psychology research. The goal of the dis-

cussion is to illustrate that a big proportion of our daily behaviours are consistent.

If appropriate methods of behavioural aggregation are applied, then the overall be-

havioural trend is consistent and reasonable which is in opposition to the individual

instances of behaviour. The chapter reviews the research devoted to the moderating-

factor approach in predicting human behaviour and HIB and lists the advantages and

limitations. It focuses on the analysis of the most frequently reviewed factors and com-

pares the selected research from IR and Cognitive Psychology in order to provide the

reader with the overview of the factors, their impact on HIB and the known correlations

between the factors. The chapter also discusses the key models of HIB and investigates

their components or moderating-factors and consistency with the empirical research.

1.8.2 Chapter 3: General Black Box Model

The goal of this chapter is to generalise the discussion about the HIB by introducing

the reader with an abstract geometrical model. The model is introduced exclusively, in

order to support discussion about the user consistency by the use of the mathematical

vocabulary. This vocabulary is used not only in order to discuss the implications of HIB

inconsistency but also to discuss the limitations of the moderating-factor approach to

the prediction of HIB. Finally it is also used in the next chapters to discuss the features

of the proposed ”Integrated Framework for HIB in-situ”.

1.8.3 Chapter 4: Achieving personalisation and contextualisation through

behavioural consistency

Chapter 4 focuses on identifying the means to overcome the limitations of the moderating-

factors approach. It discussed the two most representative (in the context of this work)
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research frameworks, examined from two different research domains: Cognitive Psy-

chology and IR. The Ajzen’s Theory of Planned Behaviour is compared to Ingwersen’s

Holistic Cognitive Framework of IR. Their strengths and weaknesses are discussed in

the context of HIB consistency. This analysis focuses mainly on the capability of the

selected frameworks to predict HIB and their applicability in the IR and IS&R research

and development. Finally chapter 4 proposes a new framework for the research and

development of IR and IS&R solutions. The framework is based on the two above

mentioned methodologies the strengths and weaknesses of which are discussed in detail

in the chapter.

1.8.4 Chapter 5: Software developers’ behavioural consistency

The goal of chapter 5 is to illustrate how the proposed methodology can be used to

analyse consistent aspects of HIB. It shows the way the methodology helps in the design

and implementation of IR user interfaces, algorithms and personalisation features. The

chapter focuses on a group of software developers and their task of code delivery. It

reviews the rationale behind the selection of this particular user group and provides an

overview of the theoretical work discussing the consistency of code related behaviour.

It discusses the way the methodology is used to design user studies, that help to reveal

the consistency and rationality of the developers’ work-related efforts and prepares the

reader for the analysis of the experimental results in the next chapter.

1.8.5 Chapter 6: Results

Chapter 6 discusses the empirical research analysing software related information needs

and behavioural patterns. It provides the reader with the detailed description of the

three user studies carried out on the group of software developers and a general in-

formation searcher population. The chapter summarises the key findings of the user

studies and highlights the key findings of the proposed methodological steps.

1.8.6 Chapter 7: Conclusions

Chapter 7 of the thesis summarises the work carried out in this project and highlights

the contributions to knowledge, strengths and limitations of that work as well as work

planned in the immediate and distant future.
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Chapter 1: Summary

Availability of effective Information Retrieval (IR) tools is essential for the success of

modern information workers and as a consequence information focused business. The

costs of non-effective IR to the global economy is significant and will rise with the

availability of information.

Development of new personalised, context sensitive and task-focused IR solutions is

one of the approaches aiming to address the above problem.

Modern contextualised and personalised IR utilities are very limited, especially in terms

of the extent to which they are able to predict temporal relevance.

The majority of contextual and personalised IR systems are built on the assumption of

human rationality, causality and consistency. The notion of human consistency is not

well understood in IS&R as well as the HIB research.

Empirical research shows that human rationality and causality is rarely observed. In-

dividual instances of human behaviour rarely have statistically significant correlation.

The development of business ready IR solutions requires understanding of the extent

of human consistency and the factors affecting it.

This thesis investigates the above problem and proposes a research framework aiming

to systematically support the development of personalised/contextualised IR solutions.

The thesis illustrates the application of the proposed framework on a group of profes-

sional software developers.

Table 1.1: Summary of chapter 1
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2

Background

2.1 Introduction

As highlighted in Chapter 1 the notion of HIB consistency is a key for successful per-

sonalisation/contextualisation of IR systems. In order to create such systems:

• Human Information Behaviour has to be Consistent: It is not possible to model

the relation between the past behaviour and future information needs of the user

if this relationship does not exist.

• The nature of consistency has to be known: The relationship between user past

behaviour and future information preference has to be formally described (e.g.

as a function, heuristic or a formal model). If this relationship is significantly

affected by external factors (such as context, user personality, etc.) they also

have to be incorporated into this formal description or at least the magnitude of

their impact on HIB prediction has to be understood. This is essential as not

including the factor into the model introduces an error in behaviour prediction.

This chapter examines the existing literature in order to review the level of HIB consis-

tency and investigates the factors affecting it. This chapter is composed of two sections

that focus on the two key aspects of the problem highlighted above:

• Existence of Behavioural Consistency: This section discusses the history of the

investigation of Human Behavioural Consistency. It illustrates how the consis-

tency of human interaction with information was investigated throughout previ-

ous decades and how the work carried out by Lesk and Salton (1968) marginalised
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the problem of human unpredictability for years to come. It also clearly illustrates

that the HIB is significantly more inconsistent than acknowledged in the research

focused on personalisation/contextualisation of IR and that there is a need for

further research aiming to describe the nature of human behavioural variability.

The discussion is followed with the review of the literature focusing on the prob-

lem of human consistency in everyday life. The psychological literature confirms

that even the simplest behaviours are driven by a very complex cognitive process

and as a consequence their repeatability is very limited. The review of the psy-

chological literature confirms the findings of HIB research and clearly illustrates

that individual instances of human behaviour are not consistent (Ajzen, 2005).

• Factors affecting Behavioural Consistency: Very frequently, the lack of observed

behavioural consistency is explained by the existence of either external or internal

factors moderating human behaviour. Factors such as context of IR interaction,

task, user expertise or personality are believed to change the user behaviour

to such significant extent that the actual observed IR interaction seems unpre-

dictable. This section reviews the key literature both in HIB and cognitive psy-

chology focusing on the investigation of moderating-factors and their impact on

behaviour. It identifies an overwhelming number of factors that are proven to

have statistically significant correlation with HIB and even greater number of

interactions between those variables.

Overall the literature review carried out in this chapter illustrates that hu- man beings

have a need to act consistently and live in a consistent environment as illustrated by

balance theory (Heider, 1944); need for coherence (Kelly, 1992) and the need for logical

consistency (McGuire, 1960). Even though this is the case, owing to the significant

complexity of their environment and their own cognitive processes, their behaviour

is significantly moderated by hundreds/thousands of variables. Without detailed un-

derstanding of all of those variables, it is not possible to predict human behaviour

effectively. The empirical research both in cognitive psychology as well in general HIB

confirms that, through very low predictive validity of its results.

This chapter illustrates that the extent of human consistency cannot be safely

treated as an axiom the investigation has also to be a part of the IR research. The

next chapter continues the discussion about the moderating-factors and their role in
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HIB prediction. It introduces a mathematical model (General Black Box) which is used

in the discussion of the feasibility of the moderating-factor approach and which also

highlights a different direction for consistency research.

2.2 History of Behavioural Consistency Research

This section reviews the extent to which HIB as well as the everyday human behaviour

is consistent. This chapter illustrates that individual instances of human behaviour are

much more inconsistent than the majority of contextualisation/personalisation research

acknowledges. It clearly illustrates that further understanding of when and to what

extent human beings are consistent is critical for successful IR implementations. This

section is divided into two subsections:

• The first subsection discusses the observed behavioural inconsistency in HIB re-

search and its impact on implementation of IR systems and HIB research design.

• The second subsection discusses the observed behavioural inconsistency in our

everyday behaviour. The second subsection illustrates the extent and complexity

of the human inconsistency problem and the related research aiming to tackle the

inconsistency challenge.

2.2.1 Consistency of Human Information Behaviour

One of the first (Ellis, 1996; Saracevic, 2007) and most frequently cited studies of

information-related behavioural inconsistency was published in 1956 by Gull (1956).

The goal of the experiment was not to assess the extent of user consistency or inconsis-

tency between the users but instead to compare two competing indexing systems. What

made the study unique was the fact that, in order to create the relevance benchmark

for evaluation it engaged two independent groups rather than one. Each group was

provided with a set of 98 queries/problems/requests and used the same set of 15.000

documents. Each group assessed the relevance of retrieved documents separately. The

problem arose when the results of this manual assessment were collected and analysed.

As commended by Cleverdon et al. (1966):

” neither group was willing to accept the relevance assessments of the

other group: rumour has it that at the end of the second day of discussion,
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the two groups were still arguing about the meaning of the first search ques-

tion. No real blame can be fixed on those who organized the test because in

1952 it was not unreasonable to think that two groups of intelligent people

would, without serious difficulty, be able to come to an amicable agreement

as to which documents were relevant to a particular question.”

The differences between relevance judgements were not trivial either. The first

group selected 2200 relevant documents out of the indexed 15000 whereas the second

group found only 1998 documents relevant. Surprisingly the overlap between the two

selected sets was very low. The first group marked 1640 documents as relevant that

the second group did not. Similarly 980 documents were marked as relevant by the

second group and not by first. The further work by Claverdon resulted in some more

compromises regarding the way relevance was assessed increasing the overall overlap

but still the final agreement between the two groups was low and reached only 30.9%.

A significant amount of research followed the initial observations made by Gull. A

group of studies was carried out by Resnick (1961); Resnick and Savage (1960, 1964)

in order to investigates the human ability to consistently make relevance judgements

and the impact of the information representation (the study used entire documents,

citations, abstracts and index terms representing the documents) on the consistency

of information selection (Resnick and Savage, 1964). The ”intra-group” agreement

varied between 54% and 70% and averages at 62%. A number of studies followed in

the late 60’s owing to the funding from the National Science Foundation. One of such

studies was carried out by Rees and Schultz (1967). The goal of this study was to

identify factors affecting human relevance assessment as well as the extent of inter user

variability. The study involved 153 users from the medical domain divided into seven

groups depending on their exact occupation or task group. Similarly to the previous

study the ”intra-group” agreement varied between 40% and 58%.

A similar study was carried out by Cuadra and Katter (1967); Cuadra et al. (1967).

The study involved 230 students of psychology with varying levels of both psychological

and search experience. The participants were split into four groups depending on their

experience and asked to rate nine psychological journal abstracts against several short

information statements. The results of inter user variability observed revealed an inter-

user agreement (calculated as a correlation coefficient) varying from r = 0.41 to r=0.49.
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Another important research focusing on the manual index creation process and the

related consistency was carried out by Zunde and Dexter (1969). The study was carried

out based on two groups of eight users carrying out the indexing process of 29 selected

documents. The two groups varied with the level of indexing experience, eight of the

participants being indexing experts and the other eight scientists related to the project.

The results presented in Figure 2.1 illustrate that the consistency of the participants

varies depending on the measure selected and ranges between 0.24 and 0.41.

Figure 2.1: Level of user inconsistency (Zunde and Dexter, 1969) - The decrease

of inter user consistency in index preparation depending on number of users (Two index

consistency measures and two averaging techniques).

The further analysis also suggests that the consistency is inversely proportional to

the number of the indexers in the selected group. The results of the studies discussed

above did not change the way human behavioural consistency was perceived and treated

by the IS&R research. Even though the above examples provide clear evidence for HIB

inconsistency the evaluation of relevance in laboratory experiments was more and more

frequently carried out based on a single evaluators group and the design leading to

observation of inconsistencies was avoided.

The study that sealed the fate of human consistency research was carried out by Lesk

and Salton (1968). The experiment hypothesises that the variation of user relevance

assessment does not have an impact on the relevance algorithm evaluation process.

The experiment involved a group of 8 users from the library research field assessing

the quality of the results of 48 queries based on a collection of 1268 abstracts stored

in the developed system. During the first iteration the group was asked to author 48

search queries (each participant constructed 6 queries) and assess the quality of the
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retrieved content from the information problem author’s perspective. The relevance

was assessed dichotomously. During the second iteration the same group of users were

asked to assess the relevance of the 6 queries that they did not author. The results

reveal only 30% of agreement between the judges and significant individual differences

between the judges regardless of their very similar background.

Even though the agreement between the users observed was very low, Lesk and

Salton (1968) have hypothesised that this will not have an impact on the efficiency

of the IR system evaluation process. During this study they have formulated two

hypotheses that have changed the way human consistency was reasserted for the next

decades. The strong hypothesis states that the variations of HIB during the laboratory

IR system evaluation will not affect the assessment of system performance. The weak

hypothesis states that the same variability will not affect the assessment of different

retrieval methods.

The research carried out by Burgin (1992) was designed to verify Lesk and Salton’s

strong and weak hypothesis. The experiment involved the use of 1239 biomedical

documents and their evaluation against 100 queries based on 6 different document

representations. The experiment involved four sets of users:

• a very experienced domain expert and an author of the queries,

• nine paediatric faculty practitioners,

• four post-doctoral fellows and

• a medical bibliographer with significant search experience.

The results show the level of agreement varying between 39.9% and 55%.

The experiment carried out by Shaw et al. (1991) had the same methodology as

the Burgin’s study reported above. It took advantage of the same database and the

same query collection, grouping the users in the same way as well, but took advantage

of a different indexing technique. The overall agreement rate between the four groups

engaged in the study was reported to be equal to 40%.

The above mentioned research started shaping a gap between the user and system-

oriented research which is still very apparent until today. System-centred research

continued the work using the laboratory approach (based on the Cranfield, and what

would later become TREC methodology) aiming at automatic evaluation of IR systems
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and algorithms. The laboratory focused work ignored the notion of user behavioural

inconsistency completely, resulting in the user being removed from the research design

and substituted with various test corpuses. The user-focused research, on the other

hand, concentrated on the HIB and factors affecting it, to some extent losing track of

real life system implementations and development methodologies. The paths of those

two research groups diverged, with the system focused studies continuing to deliver

more effective IR solutions (it is said that the IR system efficiency doubled within the

first 6 years of TREC). The user-centred camp then focussed on the complexities of

user behaviour, including the nuances of human consistency.

One of the most representative user-centred studies on the factors affecting informa-

tion behaviour was carried out by Saracevic et al. (1988). The goal of the study was to

capture and classify the factors significantly impacting human IS&R with the main em-

phasis on cognitive context and human decisions and interactions involved (Saracevic

et al., 1988). The experiment involved 40 participants (19 faculty, 15 graduate stu-

dents, and 6 professionals from industry) taking part in multiple stages of experiment

of various natures (interview, questionnaire, search attempt and, a relevance estima-

tion exercise) and 5 professional searchers carrying out the retrieval tasks. The study

investigated the problem of user search term selection and item selection consistency.

The average inter-judge agreement reported averaged at 27% and more than 55% of

responses having an agreement of less than 25% (Saracevic et al., 1988). The consis-

tency of document selection was reported to be even lower. The average agreement for

selection of relevant and partially relevant items was equal to 18% and almost 60% of

all items selected only had agreement at levels from 0% to 5%.

The experiment carried out by Saracevic and Kantor also attempted to find the

correlation between the selection of the search terms (i.e. attitudes towards the problem

expressed through a query) and the information selected. The results not only did not

manage to show statistically significant correlation but illustrated that the data is

capable of explaining only 2.5% of variance. A significant number of other studies

followed aiming to illustrate the significant extent of user behavioural variance and

limitations of laboratory / TREC approaches. The experiment carried out by Lee

et al. (2006) used 10 users with at least 4 years of search expertise to assess the value of

the search results. Each participant was presented with a number of search result lists,

two at a time and was asked to assess their pairwise relevance to the topic at hand.
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The precision value of the result list varied, which was established based on previous

relevance judgement. In each of the iterations, the users were presented with one result

list of 50% precision and a second one where precision varied between 30% and 70%.

The recognition of correct lists reported varied between 14.6% and 31.2%. The overall

inter-judge agreement was reported to be equal to 24%.

A number of user information-related consistency studies was carried out by Sor-

munen (2002); Vakkari and Sormunen (2004). One of the goals of the study was the

identification of relevance assessment variation inconsistencies between the relevance

assessments captured when creating the TREC test data and those captured during

the experimentation. The study carried out by Sormunen (2002) focused on TREC-7

containing 8 collections and involving 9 master students reassessing the 5271 documents

from those collections against the selected topics. The results demonstrate very signif-

icant differences in the assessment process. 25% of the documents that were assessed

as relevant in the TREC collection were assessed as highly relevant by the research

participants whereas 36% of TREC relevant documents were given marginal relevancy.

Discrepancies were also identified among the documents that in the TREC data collec-

tion were marked as irrelevant, with 1% of those marked as relevant or highly relevant.

A similar study to the procedure adopted from Sormunen (2002) was carried out

by Vakkari and Sormunen (2004) engaging 26 students to re-evaluate the TREC-9

data. The results show that only 45% of documents marked as relevant in the TREC

collection were assessed as highly relevant by the experiment participants.

Yet another example of a study investigating the consistency variations by referring

to the TREC data was carried out by Voorhees (Voorhees, 1998, 2000, 2001; Voorhees

et al., 2005). The experiments focused on the impact of inconsistency in judgement

on the laboratory IR research. The variation of user consistency measured as an inter-

judge agreement varies between the studies from 30%-33% (Voorhees, 1998, 2000) to

34% (Voorhees, 2001).

The studies reported above are just the most representative research examples of the

domain, and a significant amount of other research that focused on relevance assess-

ment consistency, indexing consistency and information object selection consistency

are available. This brief review illustrates that the reported levels of inconsistency

varies significantly ranging from as little as 3.5% (Haynes et al., 1990) to as much as

32



2.2 History of Behavioural Consistency Research

60%-70% (Resnick and Savage, 1964). Overall though, the overlap or behavioural con-

sistency seems to be observed at a level of 30% which is a value curiously similar to the

.30 threshold reported by similar research in the cognitive psychology domain (Wicker,

1969).

2.2.2 Consistency of General Human Behaviour

It is very important to notice that the problem of human behaviour inconsistency is

not unique to IS&R research. The ability to predict human behaviour is much desired

throughout multiple research disciplines therefore a very mature research focusing on

the issues of consistency exists. The psychological findings about human behaviour

consistency especially are very relevant in this context as HIB is just a subset of hu-

man everyday behaviour and the same cognitive mechanisms are used when solving

IR related problems. It is therefore very valuable to review the findings of psycholog-

ical literature and review how it dealt with apparent inconsistencies, especially in the

context of its 100 year long tradition.

As expected the psychological research found very little consistency between the

individual instances of human behaviour supporting the findings identified in the IR

domain (refer to the previous section). The lack of the observed consistency is especially

significant if the behaviours are observed in different contexts or settings. Importantly

the observed levels of inconsistency were reported to be very high even for behaviours

significantly simpler than the average IR behaviour illustrating the complexity of the

problem.

The psychological literature is not only very valuable for the purpose of investigation

of HIB consistency but also directly applies to the problem of contextualised and per-

sonalised IR development. The investigation of the relationship between the attitudes

declared by the user study participants and their observed behaviour directly impacts

the way we perceive systems based on explicit sources of relevance-feedback. Similarly

the research focusing on the existence of correlation between individual instances of

behaviour has direct implications for the design of systems based on implicit-feedback

analysis and creation of user profiles.

One of the first and most often quoted studies discussing the extent of consistency of

human responses was carried out by LaPiere (1934). The experiment investigated the

extent of racial discrimination experienced in various interaction settings. In early 1930
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LaPiere took a Chinese couple to 251 restaurants, hotels and other similar locations in

order to establish the extent to which the couple will experience racial discrimination

manifested through denial of service. Out of 251 establishments only 1 denied the

service. Following this, the subgroup of 128 establishments was contacted by letter

asking whether they would accept a guest of ”Chinese race”. What is interesting in the

study is the response to the written enquiry which in 90% of cases was negative. This

drastic inconsistency which seems to be triggered exclusively by a trivial contextual

factor (i.e. the presence of a discriminated person or group) inspired an entire family

of behavioural consistency research.

A very similar study on racial discrimination and selection of discriminating be-

haviour was carried out by Minard (1952) over four weeks during the summer of 1946.

The study consisted of a number of interviews with the miners as well as observation of

their interaction in work and off-work environments. The results illustrate significant

inconsistencies in the white miner racial behaviour. Minard observed a very high level

of integration with black co-workers in the work environment but very widespread seg-

regation in the community. The behavioural inconsistency was observed across 60% of

miners and only 40% either did not racially discriminate miners at all, or discriminated

them consistently regardless of the settings.

The study carried out by Mischel and Peake (Mischel and Peake, 1982a,b, 1983)

investigates three different types of behavioural consistency:

• Temporal Stability: referring to the consistency of the same behaviours in the

same settings/ contexts.

• Cross-Situational, Uni-Modal Consistency: referring to the consistency of the

same behaviours in varying settings/contexts.

• Cross-Situational, Cross-Modal Consistency: referring to the high level consis-

tency across multiple different behaviours from a same class/group across different

settings/contexts.

The experiment involved observation of 19 different behavioural tendencies observed

in repeating and different occasions. The tendencies included a variety of behaviours

such as thoroughness of note taking during classes or personal appearance. The re-

sults illustrated very low level of consistency for all of the types of consistency. The
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correlation coefficient for Temporal Stability was reported to be merely .29 and for the

Cross-Situational, Uni-Modal Consistency .08. The consistency measures based on the

behavioural aggregates were reported to be significantly higher for Temporal Stability

reaching .68, but a significant increase was not observed for other types of consistency.

The average correlation among all types of behaviours was .13.

The above inconsistency of behaviour is not only observed between various instances

of the same behaviour but also to a significant extent between the behaviour and our

attitudes towards those behaviours expressed verbally. This type of observed inconsis-

tency is especially important in the context of IR laboratory experimentation design

as it identifies a difference between the user’s verbal attitude towards information and

his further assessments through its use.

A very frequently quoted example of research investigating the correlation between

user general attitudes and behaviour is the problem of racial prejudice and discrimi-

nating behaviour (Ajzen and Fishbein, 1977; Duckitt, 1992, 1994; Kraus, 1995; Wicker,

1969). The original review of the verbal and overt racial responses carried out initially

by Wicker (1969), further expanded by Ajzen and Fishbein (1977) and Duckitt (1994)

was used for years as a basis for the discussion on attitude to behaviour relationship.

The discussion in all of the mentioned cases leads to similar conclusions. It seems that

the relationship between the verbal indicators of prejudice and behaviour bears very

low correlation. The review of literature carried out by Ajzen and Fishbein (1977)

concludes that out of 54 studies reviewed that aimed to predict behaviour on the basis

of attitudes 25 obtained non-significant results and the rest of them rarely showed a

correlation of 0.4 and above. The original review carried out by Wicker (1969) reported

the average correlations not higher than 0.3.

One of the most recent and most comprehensive meta-analysis of the literature

devoted to the prediction of human behaviour based on declared attitudes was carried

out by Kraus (1995). The results of his analysis (presented in Table 2.1) reveal that the

Pearson’s p of a correlation has a normal distribution with a mean of 0.38 and median

of 0.33. The results illustrate also that the attitudes explain 14% of the behavioural

variance.

The above review, in the context of IR, suggests that explicit measures of informa-

tion relevance, especially in the controlled laboratory environment, can be carrying a

very significant error. This error will be even bigger especially if the contextual/social
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Table 2.1: The meta analysis of attitude-behaviour correlation research (Kraus, 1995)

settings of the experiment differ significantly with the real life IR situation. The re-

sults reported above confirm that human beings seem to expose significant behavioural

inconsistencies whenever their context of interaction changes.

Another very important question in cognitive psychology relates to the behavioural

consistency of people sharing the same personality traits. This problem is equivalent

to the problem of user profiling in IS&R. There exists a significant amount of research

investigating the correlation between various user traits such as personality factors

and the observed behaviour. The key research focuses on the analysis of the big five

personality factors and observable behaviour.

One of the most representative studies discussing the personality related consistency

was carried out by Paunonen (2003). The study involved two groups of students (n=276

and n=142) who were requested to fill out a personality questionnaire and a behavioural

report form. The behavioural form measured the user engagement in all of the 27

behaviours investigated in the study. The results illustrate that only a marginal number

of generic behaviours were successfully correlated with personality measures for both

groups. The correlation coefficients were reported to be of low value rarely above

0.3. A significant proportion of the behaviours were not successfully correlated with

personality for both groups.
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Another very representative study on the correlation of personality to observed

behaviour was carried out by Markey et al. (2004). The study was based on the

observation of the everyday behaviour of 94 ten year old children. The study involved

the observation of 63 types of behaviour which were further encoded and correlated with

the results of the personality tests. The analysis of the results reveals that even though

a significant proportion of the correlation scores were statistically significant only in

two cases (”Says negative things about self” versus ”Neuroticism” and ”Interviews his

or her parent(s)” versus ”Extravertism”) was the correlation higher or equal to .3 or

lower or equal to -.3.

The correlation values reported in this research are very characteristic and reoccur

frequently across multiple experiments devoted to user consistency research. The ob-

served re-occurrence of correlation values between .20 and .30 was reported frequently

in the literature (Mischel, 1969; Wicker, 1969). In a book entitled Personality and

Assessment published in late 60s, Mischel (1969) reviewed much of the research on

personality and its correlation to behaviour and coined a term of a ”personality coeffi-

cient” relating to the observed trend. In his book Mischel observes that it is very rare

to observe correlation of a magnitude above .30. This means that the attitudes and

human personality traits account for less than 10% of variance by themselves. This

observation holds true not only for the big-five personality factors but seems to reoccur

for various personality and attitude classifications used. This on the other hand indi-

cates how significant is the influence of the outside environment on our decision-making

process. This also supports the magnitude of results obtained in the IS&R research

discussed in the previous section.

Overall the empirical research illustrates very little evidence for the existence of

behavioural consistency between single instances of user judgements and actions as

well as between user traits and their future behaviour. As observed by Ajzen (Ajzen,

2005; Ajzen and Fishbein, 1977), by the end of 1960s the personality and social psy-

chology research had noticed that the traits and attitudes alone are poor predictors of

behaviours predicting marginal proportion of variance.

2.2.3 Conclusions

The empirical evidence presented in this section clearly illustrates that the consistency

of human behaviour should not be taken for granted. On the contrary the results of both

37



2. BACKGROUND

the psychological research as well as IS&R research suggests that individual instances

of human behaviour are not correlated. Icek Azjen, when reviewing the issues of human

consistency even noted that it seems that human consistency and repeatability is ”more

apparent than real” (Ajzen, 2005) stressing the fact that even though we like to perceive

ourselves as rational and consistent the empirical evidence seems to prove otherwise.

There are significant theoretical foundations (Abelson, 1968) that support the hu-

man need for consistency in everyday life, including balance theory (Heider, 1944), need

for coherence (Kelly, 1992), and need for logical consistency (McGuire, 1960). How-

ever the research indicates that the need for consistency is not a main driving force in

human decision-making process but rather a mere preference (Zajonc, 1968). No anx-

iety is present when we make inconsistent decisions and neither is there a mechanism

that would create a compelling need to strive towards consistency. As a consequence

and in contrast to the common intuition the empirical research has failed to demon-

strate human consistency and the predictive potential of human characteristics and

past behaviour on a single occasion.

The literature review carried out by Mischel (1969) and Wicker (1969) illustrate

a very weak correlation of attitudes to human behaviour rarely above .30 and often

very close to zero (Mischel, 1968). A review carried out by Ajzen and Fishbein (1977)

covered 109 distinct investigations looking at the relation between user global attitudes

and individual instances of behaviour. Out of those studies only 25 obtained statistically

significant results and from among those only few demonstrated correlation coefficient

in excess of 0.4. Similarly the correlation of aspects of attitude to behaviour was

very low usually ranging between .20 and .30. More interestingly this correlation,

frequently referred to as the ”personality coefficient”, is consistent in the literature

and is being observed in almost all (if not virtually all) research aiming to identify the

correlation between any measurable personality traits and external responses (Mischel,

1968). The review of the above literature leads to the conclusion that only a very small

proportion of behavioural variance can be explained by human attitude to a given action

(i.e. selection of a relevant document) and user personality traits (Wicker, 1969). For

example a review carried out by Hunt (1965) (p. 81) reveals that only 4% to 25%

of behavioural variance can be explained by the personality traits. As a consequence

the research in personalized IR, especially the one focused on explicit or implicit forms

of feedback and analysis of past interactions (for example through the log analysis)
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should also observe a significant inconsistency in the human content selection process

and relevance assessment. As this review illustrated this is indeed the case.

The results on user consistency in IS&R are virtually identical reporting inter and

intra-user agreement of .20 to .30 for bigger groups and more complex variations of

contextual settings demonstrating the same trend in this particular branch of social

research. What is more interesting is the fact that the conclusions regarding human

consistency and its extent are identical in both cognitive and social psychology as well

as in the IS&R and HIB research.

2.3 Moderating-factors affecting Behavioural Consistency

The variations of human consistency in IR and HIB is often rationalised by the impact

the user interaction ”Context” or ”Task” has on the decision-making process. A signif-

icant proportion of research community reached a conclusion that the same tasks / IR

problems are performed in different situations, different social settings and on different

individual predispositions. Different features of those situations and settings can affect

the performance of a particular behaviour, search strategy or result assessment. More-

over they believe that certain personal traits can not only have a standalone effect on

human behaviour but also interact with the situational factors moderating individuals’

behaviour even further. For example the user domain expertise will not only affect

user performance when carrying out tasks within the domain but will also affect users’

perception of complexity and stress level. This leads to a change in self-motivation

and the will to proceed with finding the solution to a problem. Considerable research

in psychology illustrates similarly that even the slightest changes in the context of the

problem can change the outcomes of the decision-making process (Tversky and Kah-

neman, 1992). As a consequence the same problem in the domain of psychology led

to the same conclusions regarding contextualisation. The early 70s and 80s introduced

notions of interactionism and contingent consistency or MODE (Fazio and Towles-

Schwen, 1999) approaches. Those approaches are focused on the impact of situational

circumstances (Monson et al., 1982), characteristics of the individual (Schneider and

Chein, 2003; Snyder, 1974) and secondary characteristics of human disposition (Nor-

man, 1975) to increase the level of correlation between user attitudes and individual

behaviours. The factors affecting human information behaviour and moderating the
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correlation between the human attitudes and actual behaviour (moderating-variables)

were intensively investigated during the last several decades. The results of this re-

search illustrated that in specific situations the moderating approaches can increase

the observed correlation coefficients. The moderating-variable approaches are there-

fore logically consistent with the modern IR and HIB attempts introducing context

into the relevance prediction algorithms.

This section reviews the modern moderating-factor approaches both in HIB as well

as in general psychological research. The goal of the review is to capture the key

moderating-factors affecting the consistency in order to assess the challenges of the

moderating-factor approach.

2.3.1 Moderating-factors: HIB research

There exists a body of literature discussing factors affecting HIB. The majority of

research on behavioural moderation is captured through various models of Human

Information Behaviour (Case, 2007; Fisher and Julien, 2005; Spink and Cole, 2005;

Spink and Heinström, 2011). The available models describe the process from various

perspectives focusing on the motives of IS&R and the chronological order or the overall

shape of the mechanisms involved in the process. This section will focus exclusively

on the key models, analysing the factors affecting human information-related decision-

making process and enriching the discussion of the moderating-factors approach.

2.3.1.1 Sense-making methodology

”Sense-making” is one of the most widely recognised and applied models of HIB and a

methodology for experiment design and implementation (Dervin et al., 2003). White

and McCain (1998) consider Dervin’s work as one of the most recognised in Human

Information Behaviour research.

”Sense making” methodology strictly speaking is not a model of HIB but instead it

comprises of a set of meta-theoretical/ philosophical assumptions about the world and

human cognition of the world. As a consequence the ’Sense making’ methodology is

not intended to explain mechanisms of human cognition nor is it intended to directly

guide the HIB experimentation process.

According to Dervin et al. (2005) the goal of the methodology is ”to assist re-

searchers and practitioners in formulating approaches that advance our understanding

40



2.3 Moderating-factors affecting Behavioural Consistency

and help us avoid the creating of mythical users who do not exist, creating instead, as

if seen through tiny keyholes, useful pictures of ”real” users with whom information

systems can more meaningfully intersect”. The ”Sense making” methodology strives to

guide a process of cognitive theory formulation and tests (Fisher et al., 2003; Vakkari

and Sormunen, 2004) and because of its meta-theoretical nature it is by definition

untestable.

Dervin’s work on ”Sense making” is primarily founded on the observation/assumption

that has to actively analyse the surrounding world all the time making sense of it. The

methodology is based on the assumption that human perception of the world is discon-

tinuous or full of gaps. According to the methodology human beings encounter those

gaps all the time. There exists a continuous discrepancy between the objective world

and what we know about it. This gap exists between:

• People - e.g. gaps between the intended message and the way it is interpreted

• Things - e.g. gaps between the objective properties of object and their perception

• Spaces - e.g. gaps between the perception of the world in different places and

situations

• Times - e.g. gaps between how we perceive the world now, in the past and future

Whenever a human encounters such cognitive gap the sense making process is en-

gaged intending to fill the gap with information. The essential observation of the sense

making methodology is that this process is carried out in a specified point of time, in

a clearly defined place and context by a certain human being or group of people. As a

consequence the information in the ’Sense-making’ methodology is always a subjective

construct of a certain human being facing a gap in his cognition at a certain point of

space and time.

The sense making methodology also makes a significant number of assumptions

about the human being under investigation. Dervin Dervin (1999) believes that ”the

human is conceptualized as: centred and decentred; ordered and chaotic; cognitive,

physical, spiritual, and emotional; and potentially differing in all these dimensions

across time and across space”. The methodology does not assume that the human

being is static/consistent in time and space and acknowledges the ever-changing nature

of human cognition.
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Figure 2.2 provides a core Sense-making metaphor. It illustrates the individual’s

ongoing travel through the information space, encountering an information gap, and

filling it through the sense-making process.

Figure 2.2: Sense Making - Dervin’s Sense-making methodology (Dervin et al., 2003)

In her Sense-making methodology Dervin describes a human being as an ultimately

causal (mechanistic causation) creature whose actions/activities are effects of the in-

formation collection process. The sense making behaviour is a direct response to the

human being encountering a gap in his cognitive description of the world. Similarly,

the finding of the information leads inevitably to the bridging of the gap and allows the

user to continue the travel through cognitive space. This central assumption of human

ultimate causality is very appealing as it allows for the discipline to be treated as nat-

ural science and promises to make it possible to elucidate the mechanisms of HIB. The

approach explains the complexities of the observation of this ultimate causality with

the ever changing nature of the human and its environment affecting the nature of the

gaps themselves.

This methodology used since early 1980s, is a specification of the generic ”Problem

Space Theory of Problem-Solving” (Newell and Simon, 1972). Similar to Newell’s and

Simon’s work, Sense-making theory notices that in order to solve a given problem a

Mental Model of the problem is being created. The problem is then transformed into a

number of problem states composing together a problem space. Figure 2.3 illustrates a

number of different problem spaces that represent different ways a human can perceive
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the problem. The more constrained the problem (i.e. the more defined is the task)

then the clearer is the choice of the appropriate problem space. Ill-defined problems

often lead to the situation where the incorrect problem space is chosen that sometimes

leads to the situation where there exists no path leading to a solution.

The problem space is constructed of a number of states including: initial state and

the goal state as well as a number of legal operations and constraints that can be used

to transform the temporary states into a goal state. Humans use existing schemas for

transition from one state to another (figure 2.3) and in the case of the lack of a schema

a search process starts which creates a new different problem.

Figure 2.3: Problem-Solving Representations - Problem-solving mental models

(Robertson, 1999); Gick’s schematic diagram of problem-solving (Gick, 1986)

Dervin’s Sense-making methodology is therefore a specification of the ”Problem

Space Theory of Problem-Solving” for the problem of HIB and the clear definition of

the key elements of the user mental model in the IS&R situation.

Such approach to the problem of HIB has been very frequently criticised. One

of the predominant critics was made by Rosenbaum et al. (2003) in the 2003 ASIST

proceedings. Their work, discusses during the ASIST panel called ”The death of the

user”, reviews a number of both practical as well as fundamental theoretical issues

related to such a user-centred approach. In their work they criticise the fundamental

assumption of this approach, that is the assumption of human mechanical causality.

They believe that in the world where human beings are forced frequently to act under

uncertainty, and are endlessly bombarded by information gaps, there is no anxiety

associated with having those information gaps unfilled, and as a consequence not all of

the gaps lead to sense making/ information seeking activity (Davenport, 2010). The
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introduction of the concept of the ’gap’ or as discussed by the ”anomalous states”

notion of Belkin (1980), ”raises more questions than they answer” (Day, 2011). The

criticism goes significantly beyond the above and notices the fact that human beings

are not mechanically causal by nature, and do not (as suggested by Dervin’s work),

make sense of the surrounding world in isolation, but rather take part in a ”pragmatic

activity of social and cultural positioning” (Day, 2011).

The above raises a more fundamental (and partially philosophical) question of the

role of the information gap, anomalous states of knowledge, information intentions or

more widely speaking the role of the concept of plans/purposeful action as such. Are

the plans that we create to solve our everyday problems prerequisites for the action

to occur, or are they simply a consequence of humans understanding their action, or

one of the key resources used to support the action (Schmidt et al., 1978; Suchman,

2007, 1987). Taking into account the properties of the environment in which human

kind evolved which are full of uncertainty and where the decisions need to be made

based on inaccurate knowledge, the ability to respond dynamically to the situation,

and our changing perception of the world, seems to be critical for our survival. In our

daily life human beings do not always have the luxury of being able to define their

information gaps and interpret them within the context of their environment. Humans

indeed formulate plans that support their behaviour but those plans are ”necessarily

vague, insofar as they must accommodate the unforeseeable contingencies of particular

situations” (Suchman, 1987). Moreover, as empirical research suggests and as discussed

earlier not all of the plans that are formulated are also transformed into action. Sim-

ilarly not all of the actions are preceded by any explicit plans and some plans lead to

a lack of action (Allen, 1984). Suchman (2007) suggests that plans can potentially be

”constituent as an artifact of our reasoning about action, not as the generative mech-

anism of action”, (which would also be very consistent with ”Self-perception” theories

(Bem, 1967; Condry, 1977)). The above make the plan, information gap, anomalous

state of knowledge and other similar concepts a very complex unit for further analysis

of HIB.

The work is also criticised for its inability to effectively support the development

of commercial IS&R and information management systems. As discussed during the

2003 ASIST conference: ”the cash value of the concept of the user has reached a point

of marginal or diminishing returns” Rosenbaum et al. (2003). It is widely believed
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that user studies based on the paradigm of the user as defined by Dervin (but as it

will illustrated also Belkin, Wilson and other) do not scale well to wider user groups

such as organisations or industries. As a consequence systematic design based on the

proposed methodologies is claimed to be very challenging but also the actual systems

designed on its basis are claimed to have limited usefulness Gutwin and Greenberg

(1998); Guzdial et al. (2002). Rather than focusing on the key and recurring actions of

systems design, they focus on the mental models of individual users and examination

of factors affecting their decision-making process.

The above leads to the identification of thousands of factors which occasionally

affect human behaviour and do not help in the identification of key trends in HIB that

can be automated or supported by computer systems.

2.3.1.2 Belkin’s Anomalous State of Knowledge

The approach of Belkin (1980), is another example of Cognitive Approach to LIS and

HIB. It is based on the same fundamental assumptions about the human cognition

as the previously discussed model proposed by Dervin (1983), but also shares a lot of

commonality with other research focusing on the concept of ”Information need” (Dervin

et al., 2003; Taylor, 1962; Wersig, 1979).

Figure 2.4: Belkin’s ASK - Belkin’s Anomalous State of Knowledge (Belkin, 1980)
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Belkin’s work (as illustrated in figure 2.4) acknowledges the fact that information

seeking behaviour is triggered by insufficient information about the surrounding world

which he refers to as an ”Anomalous State of Knowledge” or ASK. What is more im-

portant his work acknowledges and heavily stresses the fact that the direct consequence

of being in the state of ASK is also a limited ability to describe the information need.

This problem of ”non-specifiability of need” (Belkin, 1980) can has two dimensions:

• cognitive - founded on human incapability to conceptualize the path that will

lead to the satisfaction of the need

• linguistic - based on inability to formulate in machine-recognisable language for

example due to the limited vocabulary

As a consequence the proposed model suggests the development of systems that are

based on ”a statement of what the user does not know” (Belkin et al., 1982), rather

than a statement describing the problem. Belkin believes that the future IR systems

should be highly iterative engaging the human user in a dialogue that will not only

help him to reformulate the need (so address the linguistic challenge) but also provide

systematically information to allow the user to refine the mental model of the problem

(addressing the cognitive challenge).

The above observation contributed significantly to the design of modern computer

systems. Modern IR systems as well as the general structure of the Internet attempt

to compensate for the users’ inability to formulate the search problem through the

employment of techniques such as Latent Semantic Indexing (compensating user’s lin-

guistics and cognitive capabilities), but also through providing a dense link structure

enabling information foraging (in order to support reformulation of the mental model)

or multi-faceted representation of information.

The criticism of Belkin’s work is not focused on the above mentioned observation of

human inability to describe their problem, but primarily on the underlying assumption

of ASK being the primary trigger for the Information Seeking Behaviour. Modern

research correctly identifies the fact that very frequently humans engage in seeking

activity even though they do not have any specific information need (e.g. because of

boredom). Similarly they notice that not all ASK’s lead to an IR response. Humankind

have evolved to efficiently cope with uncertainty (caused by almost infinite complexity

of the surrounding world) and effectively manage the associated risk. As a consequence
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majority of even most critical decisions are made under uncertainty and do not lead to

Information Seeking or even anxiety.

Another major criticism lies in the fact that the proposed meta-theory does not

significantly simplify the design of HIB experimentation nor makes the development

of IR utilities any simpler or more systematic. It is more of a philosophical assump-

tion about the nature of human cognition which is difficult to translate through any

particular research or engineering effort.

2.3.1.3 Everyday Life Information Seeking (ELIS)

The model proposed by Savolainen (figure 2.5) is one of the first models to stress the

importance of social and cultural factors that affect the human information-related

decision-making process (Savolainen, 1995). The model was aimed to complement the

very popular research in work-related information seeking, hence its name: ”Everyday

Life Information Seeking”. The proposed model is based on the concept of the ”Way of

life” (heavily inspired by Bourdieu’s Habitus) which can be described as a general way

of thinking about our everyday concepts, shaped by our cultural and social background.

The ”Way of life” in this model is managed by the ”Mastery of life” element which is

composed of several separate mechanisms:

• the user personality trait (i.e. ”Main type of mastery of life”),

• the cognitive ability to solve problems and its attributes (i.e. ”Problem-solving

behaviour”),

• the ability to interpret the situation at hand accordingly.

The section on the right of the diagram represents the ”Capital of Life” which is held

by the human being or the environment and which affects both the ”Way of Life” and

”Mastery of Life Function”.

The idea of the model is to provide a holistic framework for the description of

social and psychological factors affecting the user everyday information-related decision-

making process. As such it is very abstract in terms of the listed factors but also

provides a very flexible framework for further research and illustrates the richness of

the process.
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Figure 2.5: ELIS model - ELIS model of HIB (Savolainen, 1995)
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Savolainen’s Savolainen (1995) model is heavily inspired by Dervin’s work. It pri-

mary objective is to translate the concepts of the information gap into the domain of

everyday information interaction, which is much less defined and constrained than the

work-related information activities. As such, it focuses on the main abstract factors

bounding and controlling the seeking behaviour as well as their interaction. Similarly

to Dervin’s Sense Making (Dervin et al., 2003), Savolainen’s work is also heavily user-

centred making the user a centre of the information system analysis.

From the perspective of this research and the discussion of moderating-factors af-

fecting HIB, ELIS model introduces yet another set of factors significantly affecting

the information seeking process. Similarly to Dervin’s or Belkin’s work the proposed

model is a meta-theory guiding the process of further theory design. It is not easily

translatable into the research or system design process.

2.3.1.4 Wilson’s model

Wilson (1999) model is very important for the purpose of this research as it explicitly

focuses on a number of moderating-variables in this instance referred to as ”Intervening

variables” (figure 2.6). It recognises the need to analyse user behaviour, related to the

information need in a perceived user context. From that perspective and also because

of its overall structure it is very similar to the ”Perceptual Control Theory”.

Figure 2.6: Wilson’s models - Third Wilson’s model of HIB (Wilson, 1999); Generalised

Wilson’s conclusions of the HIB field analysis (Wilson, 1999)

The model not only lists the core processes involved in HIB but also groups them
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in a way that focuses on the information. The model treats the user as an information

control system which responds to the external environment, modifies its internal state

by learning and then responds modifying the external information environment. Such

a shape of model is not coincidental, which is underlined by Wilson when he states that

information-seeking behaviour should be perceived as a goal-determined and iterative

process (Fisher and Julien, 2005)).

The model evolved through three iterations and figure 2.6 illustrates the latest

one which is also the most generic version of the three. Figure 2.7 illustrates the

second iteration of the model and presents its explicit mapping to the Ellis model of

HIB. All three iterations of the model are tightly-coupled and an evolution of the same

concept (Fisher and Julien, 2005). They aim to provide the HIB research with a linking

framework that will allow the binding of the core HIB and Psychological theories into

a concise framework for IR and IS&R research and development.

The findings of Wilson’s work (Wilson, 1999) led him to the conclusion that all of

the disciplines of widely understood Information Science are indeed well nested and

tightly related to each other. This chapter, along with the rest of this thesis aims to

illustrate that the generalisation made by Wilson can be taken even further to include

the generic research on human behaviour (as illustrated in figure 2.6).

Wilson’s contribution to the discipline undoubtedly lies in the integrative view his

meta-models provide to the discipline linking various historically older models. Simi-

larly he champions the notion of Information Search Behaviour and IR research being

strongly coupled with more generic HIB research and consistency of the mental pro-

cesses employed. He also acknowledges the complexity of those processes by integrating

a significant amount of both external as well as user related factors impacting IR in his

latest model (2.6).

Similarly to the models presented earlier the work published by Wilson provides only

as set of meta-models and meta-theories and does not effectively address the question

of how to cope with the almost infinite complexity of the proposed research paradigm.

It does not answer the question of how research or engineering effort is supposed to

cope with almost infinite number of combinations and dynamics of the identified factors

as illustrated in figure 2.6. If all of the factors as listed by Wilson significantly affect

human actions will it be possible to ever predict their outcomes considering their ever

changing nature?
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Figure 2.7: Second Wilson’s model - Second Wilson’s model of HIB and its mapping

to Ellis model (Wilson, 1999)
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2.3.1.5 Saracevic’s model of stratified interaction

Sracevic’s stratified model of interaction (1997a) unifies the perception of the IR pro-

cess representing the human aspects of information processing in the same way as the

system information processing. Such an approach, even though it can be criticised

for the dehumanisation of the user is very valuable for research design and develop-

ment. It points out the main mechanisms that act during HIB and their interaction

also illustrates the flow of information between the components. In the model it was

pointed out that the user traits, context and problem at hand are not the only sources

of behavioural moderation. As well as this, the properties of the IR system also af-

fect user interaction and their impact is significant. The information, as well as the

interfaces, shape our perception and capabilities regarding the information world, and

moderate our requirements for IR systems. This is clearly illustrated by the empirical

research discussing the information order effects (Buda and Zhang, 2000; Elsenberg and

Barr, 1988,?; Huang and Wang, 2004; Joachims et al., 2005; Mantonakis et al., 2009;

Murphy et al., 2006) and their impact on perception of information relevance. Even

more fundamental effects are introduced by new user interfaces, search approaches or

information types. An example of such effects is the introduction of the map based

user interfaces as used by Google Maps. They not only change the way people interact

with information but also change the perception of the entire search paradigm affecting

the user perception of the situation, perception of the cognitive effort required and the

problem-solving approach. It also influences the cognitive load and difficulty associated

with the problem, which is also related to personality traits (such as the ability to cope

with maps) and finally the query representation. Figure 2.8 illustrates the components

of the stratified model and the way they interact on various levels of information.

One of the most important aspects of the model is the fact that it underlines the

importance of human machine interaction/dialogue and highlights the components that

have to communicate in order for the system to successfully work.

2.3.1.6 Bates’ Berry picking

The HIB model proposed by Bates Bates (1989) differs from the classical approaches

in two ways:
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Figure 2.8: Saracevic’s model - Stratified interaction (Saracevic, 1997a)
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• First of all it notices that the user information need is far from being static and

well-defined. The information captured throughout the search process continu-

ously reshapes the searcher’s perception of the problem as a consequence affecting

both the evaluation of relevance, as well as the search query formulation strat-

egy. This evolution of information need (as illustrated in figure 2.9) is far from

being always systematic or well-defined. On the contrary the information need

can shift into unanticipated directions. Original goals can be fulfilled, postponed

or abandoned in the light of new information.

• Secondly Bates makes it clearer that the information need (or an information Gap

or ASOK) is in a majority of cases not satisfied by a single query and a static set

of documents. On the contrary the transforming information need is satisfied by

individual entities of information found along the way.

Figure 2.9: Bates’ Berry picking - A Berry-picking evolving search (Bates, 1989)

The observations made by Bates are not only well supported by multiple empirical

studies, and are consistent with the majority of psychological theories on information
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acquisition, but what is more important, with the current practice of Internet content

design.

From the perspective of this research, and from the perspective of human informa-

tion retrieval consistency, the work by Bates adds an additional level of complexity.

How can one talk about the repeatability of HIB if the information needs are ever

changing and if the change is triggered by interaction with individual entities of infor-

mation? How is a computer system to predict user future information needs, if their

evolution is by nature temporal?

Bates (1989) proposes the answer to the above questions. in the guidelines given

regarding system and user interface design. Implementation of the guidelines can not

only support the user in the berry-picking process but also compensate for system

inefficiencies.

2.3.1.7 Principle of Least Effort and Information Foraging Theory

The berry-picking model of HIB proposed by Bates is consistent with other well estab-

lished information theories. The two theories described below shed a new light on the

problem of HIB as they suggest that users will deliberately make sub-optimal or locally

optimal decisions about relevance and information interaction. The rationale for the

behaviour is suggested to be deeply embedded in the human cognition and be related

to the inability of human beings to objectively define the goals of their actions, success

metrics and the very high cost of achieving optimal results, which are not compensated

for proportionally by the reward.

The key two theories that require attention in the context of HIB consistency and

identification of factors moderating this behaviours include:

• Principle of Least Effort (Fisher and Julien, 2005; Zipf, 1949) - It is a well estab-

lished fact supported by countless empirical studies that people ”invest little in

seeking information, preferring easy-to-use, accessible sources to sources of known

high quality that are less easy to use or less accessible” (Fisher and Julien, 2005)

• Information Foraging (Pirolli and Card, 1999) - Similarly, when searching for

information people will try to take advantage of their most primitive instincts de-

veloped and optimised for gathering food. They will follow frequently unfounded

information scents. They will ”berry-pick” following the trail of information and
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actively search for further trails of information. As a consequence they will make

decision not based on facts but on incomplete knowledge, employing behavioural

heuristics rather than well founded logic.

From this perspective the moderating-factor approach as discussed in this section

becomes even more complex, as in order to make the approach complete, the considera-

tion of information uncertainty and the cognitive cost of action would have to be added

to the model. This does not only increase the set of moderating-variables but also in-

creases the size of the problem, exponentially affecting all other variables discussed in

the previous sections. Moreover, since the phenomena is not widely understood, there

exists no research discussing how the phenomena could be embedded into a successful

personalised/contextualised IR system design.

The sections above raise a very important question for the problem of human be-

havioural consistency, namely:

”Does it matter that in some instances the HIB varies significantly?

Is it possible to shift the focus of analysis to task and investigate human

consistencies only throughout the tasks that impose behavioural constraints

and as a consequence impose certain HIB?”

Further subsections of this chapter focus on the question stated above.

2.3.1.8 Cognitive Work Analysis

The Cognitive Work Analysis approach for IR proposed by Fidel et al. (2004) is a special

case of the general Cognitive Work Analysis designed for a wider computer related

research and design (Vicente, 1999). Cognitive Work Analysis in a wider context is

a ”systematic method for establishing the human-system integration requirements for

a work domain” (Vicente, 1999). As a consequence the model discussed by Fidel is a

systematic method for establishing the human-IR system integration requirements for

a work domain.

In contrast to the heavily user-focused approaches to IR, where the user is treated

as a black box and a focal point of the system analysis, this approach shifts the em-

phasis towards a task. The supporters of the approach believe that the work situation

and work-specific challenges impose significant constraints on the information system
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user, reducing the variability of the majority of the variables discussed in the previous

chapter. They believe that by designing task-focused system the complexity of human

variability as discussed in previous sections can be controlled and in fact the majority

of those variables can be ignored.

This model is similar to the Holistic Cognitive Framework and some other models

discussed in this section. The model also places the user characteristics, perceptions and

activities in the centre of the analysis. Its core assumption is also that the human being

is significantly goal driven and that the repeatable goal properties will incur reputable

user responses and perceptions of information relevance. The main difference between

the models is the generality of the Cognitive Work Analysis approach to other computer

science disciplines and the much longer history of use and applicability of the approach.

Figure 2.10: Cognitive Work Analysis - Cognitive Work Analysis model (Fidel et al.,

2004)

And indeed, as illustrated in figure 2.10, the Cognitive Work Analysis focuses pri-

marily on the identification of constraints imposed by the various dimensions of the
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work/task environment as illustrated by the circles in the diagram. The research fo-

cusing on Cognitive Work Analysis correctly notices that the span of tasks within a

certain organisation or work environment will not be infinite and will not be uniformly

distributed. Similarly the distribution of information worker characteristics will not be

uniformly distributed either (due to the selection during the recruitment process and

work-related requirements). As a consequence the cognitive work analysis provides a

unique framework for reducing the complexity of the moderating-variable factors for the

price of the generalisation of the research results (as they cannot be easily transferred

to other domains). By shifting the focus from the user and the variability to the key

properties of the task that the computer system is supposed to facilitate, the designer

can overcome his inability to predict and interpret every users’ action and focus on the

interpretation of the behaviour within the boundaries of the task and its setting.

Cognitive Work Analysis provides a multi-stage, very well-defined and mature

framework for solving well-defined system design problems what are also transferable to

the IS&R domain. Cognitive Work Analysis as an approach is a tool for system design

and not a platform for understanding the impact of individual differences on system

performance. Regardless it has proved to be very effective as a system engineering

utility and has currently hundreds of real life applications and still is an active area of

research within the Human Factors and related domains.

The work proposed by Fidel et al. (2004) is as a consequence perfectly valid for

a set of IS&R problems where the task is recurring, and can be clearly captured and

defined. For those problems it provides a good framework for coping with complex

system complexity (Jenkins, 2009).

From the perspective of this research and the problem of moderating-factors and

their impact on behaviour the proposed approach does not suggest that the number of

moderating-factors is small or that they do not play a role in the shaping of HIB. Instead

the approach is based on the assumption that in certain controlled environments those

variables change very little and as a consequence have a limited impact on the variance

of the observed behaviour.

The primary difficulty in the application of the Cognitive Work Analysis approach

to the HIB is its dynamic nature and the wide span of problems to which it is being

applied. The greatest value of IS&R utilities lies in the end in the support of variable

and ill-defined problems. Secondly, even though the Cognitive Work Analysis is very
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established in the HIB domain there exists a very limited amount of literature within

the HIB and IS&R making its application to the problem of relevance-feedback or

collaborative-filtering non trivial.

2.3.1.9 Task-focused approaches

A significant proportion of the modern IS&R approaches ignore the notion of task

during the research design and implementation. This seems to be a futile effort as

there exists a compelling body of evidence illustrating that it is not only the task and

its complexity but also other factors, including the stage of the task which significantly

affect the perception of relevance, as well as the criteria for the selection of information

channels and objects Vakkari (2008). The empirical results strongly suggest that task

and its properties are a major factor affecting the HIB and as a consequence the design

of IS&R utilities.

Advocates of the task-focused approach to HIB believe that our knowledge of the

search task is incomplete without the knowledge of the task that triggered it. They

believe that in order to gain a complete picture of the HIB we need to further understand

the interactions between the search and work task as well as the fundamental properties

of the work task.

The two most widely recognised work-task focused models/approaches in IS&R

research were introduced by Kuhlthau (1991) and Vakkari (2003) as well as Bystrom

and Jarvelin (1995); Campbell (1988); Sutcliffe and Ennis (1998) and Sutcliffe et al.

(2000). Their work can also be perceived as a moderating-factors approach to HIB.

The model proposed initially by Kuhlthau (1991) and then further reviewed by Vakkari

(2003) introduces a methodology for breaking down the work tasks into conceptually

separate stages which then can become the unit of analysis. They observe that the stage

of the task affects the search process and perception of relevance and as a consequence

must be a part of the research design. The conceptual comparison of the approaches is

illustrated in figure 2.11.

It is important to note that the above discussed work is far from being an eth-

nomethodological approach to IS&R system design. On the contrary, it is very deeply

founded in the cognitive/black box model paradigm of research. From the perspec-

tive of this research and the concept of factors moderating HIB, the properties and

stages of task as listed above, become yet another group of dimensions in the complex
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Figure 2.11: Task/Activity focused approaches - Comparison of the key concepts of

the work carried out by Kuhlthau and Vakkari (Vakkari, 2003)
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2.3 Moderating-factors affecting Behavioural Consistency

space/black box of human cognition. The task-focused approached to IS&R do not

make the task the centre of analysis but treat it as an additional set of input variables

that needs to be taken into account during research design.

2.3.1.10 Holistic Cognitive Framework for IR

Ingwersens’ Holistic Cognitive Framework for IS&R claims to be an integration of the

main IS&R models and research frameworks (Ingwersen and Järvelin, 2007) as discussed

in the sub-sections above. It promises to be a holistic platform integrating both user

as well as task-focused approaches discussed earlier.

The components of the model are listed in figure 2.12. The framework takes the

cognitive approach to the problem of IS&R research and places the Cognitive Actor

(i.e. the user) in the centre of the research and design process but not ignoring the task

and its interaction context either. It acknowledges that all other components of the

model are inevitably only cognitive and subjective perceptions which are being created

by the user but also appreciates the impact the task/action has on that perception.

Intentionally the key attributes of the ”Cognitive Actor” relate to the work and search

task. Such a central position of the work and search task is not only grounded in the

cognitive approach itself, but also on the observation that human beings are significantly

goal driven, which is discussed in the next chapter along with the ”Perceptual Control

Theory”.

The model also places an emphasis on the importance of Context in the information

interaction process and differentiates three main categories of context: Organisational,

Social and Cultural. Neither of the other components of the model can stand alone and

they are all deeply placed in context and cannot exist outside of it. The actor cannot

operate without context and is never stripped of his organisational, social and cultural

background. Similarly the search systems and user interfaces cannot function without

a context as they are being created for a particular purpose and a clearly defined group

of people. The components of the model are connected by either unidirectional or

bidirectional arrows indicating the direction of influence.

The model aims to challenge the traditional Laboratory approach to IS&R research

and proposes a new and concise research framework for user-centred design and devel-

opment. It provides a means for controlling some of the moderating-factors affecting
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Figure 2.12: Cognitive Framework - Holistic Cognitive Framework for IR (Ingwersen

and Järvelin, 2005b)

the research result validity and repeatability under different settings at the same time

controlling the problem complexity (Ingwersen and Järvelin, 2007).

As one can see the Holistic Cognitive Framework for IS&R is also a moderating-

variable approach, listing 9 main dimension factor groups which have to be resolved to

appropriate moderating-factors on a per problem basis, depending on the tasks carried

out by the user, context and user groups. The approach to the selection of appropriate

moderating-factors and the guidelines regarding their amount and quantification are

also available with the model (Ingwersen and Järvelin, 2005b).

It is important to note though that as the name suggests the proposed framework

is very much a cognitive approach to the problem and as a consequence suffers from

all of its limitations. The problem of cognitive approach limitations and the overall

complexity of the moderating-factors approach is being discussed in the next chapter.

2.3.2 Moderating-factors: Cognitive Psychology

The moderating-factors approach to the problem of prediction of behaviour is very ap-

pealing both in the domain of psychology, HIB and IS&R as it follows the behaviouristic

approach. By introducing the moderating-variables the human being can be represented
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2.3 Moderating-factors affecting Behavioural Consistency

as a ”Black Box”, without jeopardising the notion of attitude-behaviour consistency

which is essential for a system-centred research like that. Owing to the introduction

of moderating-factors, or in IR literature the ”context”, the question ”whether atti-

tudes guide behaviour”, or explicit feedback is related to future information behaviour

as stated by Wicker (1969), could be abandoned. Owing to the rich set of examples

illustrating high correlation levels between attitudes and observed behaviour (Good-

monson and Glaudin, 1971; Kelley and Mirer, 1974; Seligman and Miller, 1979), a new

question was formulated, namely, ”under what conditions attitudes guide behaviour?”.

The question re-appeared frequently in literature and was discussed very extensively

by Fazio asking, ”Under what conditions do what kinds of attitudes held by what kinds

of individuals predict what kinds of behaviour” (Fazio and Zanna, 1981). The same

question reoccurs in the HIB and IS&R research in a changed format adjusted to the

information interaction problem:

• HIB: Under what conditions, do what kind of information-related attitudes, held

by what kind of information users, predict what kind of information behaviour?

• IS&R: Under what conditions can what kind of information behaviour, held by

what kind of information users, predict what kind of information attitudes, for

the further use for information recommendations?

The moderating-factor approach was very successful in finding the answer to the

above mentioned question in cognitive psychology. The moderating-factor models such

as MODE (Fazio, 1990), have managed to provide the research community with a

framework to work systematically with the moderating-variables and led to a deeper

understanding of how the processes which control the dispositions of humans affect

their actions. Throughout the decades a ’rather lengthy catalogue’ (Fazio, 1990) of

moderating-variables was identified significantly extending the understanding of when

moderating-factors guide behaviour and when they do not (Fazio and Towles-Schwen,

1999). The literature did not manage to answer the third generation question (Al-

barracn et al., 2005) of ’how’ the relationship between the attitudes and behaviours is

controlled. A great review by Cooper and Croyle (1984) points out that there exists no

consistent theory that allows an answer to this question. As a consequence, it was not
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possible then to make higher level generalisations regarding the impact of moderating-

factors on behaviour and no consistent research methodologies existed. The situation is

changing currently and our understanding of the attitude-behaviour consistency mech-

anisms is improving (Albarracn et al., 2005).

2.4 Conclusions

The literature review carried out in this chapter clearly illustrates that it is very difficult

to claim consistency of human behaviour and HIB. Some even claim that individual

instances of human behaviour are inconsistent (Ajzen, 2005) and that it is not safe to

assume otherwise. This finding is a significant challenge for the contextualisation and

personalisation of IR. Even though moderating-factor theories promise a mechanism

for potential resolutions of the problem they are very limited in their ability to address

consistency. The review illustrates that the variability of human behaviour related to

moderating-factors is not marginal but affects the key decision-making processes. This

affects our perception of information relevance. It also illustrates the complexity of the

problem by identifying an overwhelming amount of factors that affect human behaviour

and exponentially more interactions between the factors. Moreover the comparison of

HIB and IS&R results with the cognitive psychology, showed a high similarity between

the mechanisms responsible for decision-making. This also revealed that even more

factors are to be considered in HIB prediction which will further increase the complexity

of the problem.

Even though there exists a very mature research on behavioural moderation and

a vast amount of models aiming to describe HIB their ability to support commercial

development of personalised and contextualised systems is very limited. This creates a

need for new research methodologies and research frameworks.
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2.4 Conclusions

Chapter 2: Summary

The problem of human behaviour consistency as well as human information behaviour

consistency is not clearly defined nor understood in the modern literature. The ex-

tent to which human beings are consistent/repeatable/rational is unknown and varies

significantly with a multitude of factors.

The problem of human information behaviour inconsistency is observed from the first

days of IS&R research. The early laboratory studies using more than one expert group

to assess relevance identified significant discrepancies in relevance estimation and only

a small proportion of documents was assessed as relevant by distinct groups.

This issue was diminished for decades because of the conclusions of the study by Lesk

and Salton (1968). They hypothesise that the variation of user relevance does not im-

pact significantly the efficiency of the IR algorithm employed or the evaluation process.

This conclusion is not applicable for contextualised/personalised IR solutions as they

are intended for particular individuals in context and not for an entire IR population.

This lacks of human consistency is also observed in psychological literature. More

than 80 years of cognitive research illustrated significant variability of human decision-

making process and a lack of statistically significant correlation between individual

instances of behaviour.

This issue is frequently addressed through the introduction of moderating-variables

into the experimental design which intend to increase the predictive validity of the

experiments. Factors such as age, sex, personality, domain expertise and many more

were used to explain this observed human inconsistency.

A significant majority of modern HIB models and IS&R approaches are based on the

idea of the moderating-factor. Models such as Sense-Making Theory, Wilson’s model,

ELIS and many other reviewed in this chapter list an enormous number of moderating-

factors that affect user information choices.

Table 2.2: Summary of chapter 2 part 1
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Chapter 2: Summary

The moderating-factor approach has a number of limitations, the main one being the

share quantity of the moderating-factors that have a statistically significant impact on

behaviour which makes the approach unmanageable. Moreover, the majority of the

factors are proven to interact with each other and have a very selective nature further

increasing the complexity of the approach. The moderating-factor approach does not

explain the cognitive mechanism responsible for choice and as a consequence is very

difficult to use for the high accuracy prediction of information relevance.

Overall the review illustrates that human decisions have a significant potential for being

consistent/rational. It showed that the complexity and also lack of understanding of

the human decision-making process makes the use of this consistency very difficult. It

revealed the fact that the moderating-factors approach is not appropriate for this type

of a problem and that other approaches for behaviour predictions have to be employed

in order to deliver business ready IR solutions.

Table 2.3: Summary of chapter 2 part 2
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General Black Box Model

3.1 Introduction

The previous chapter has discussed a wide range of factors which impact the HIB.

This also includes the perception of information relevance which was shown to change

significantly between the users. The review of HIB research was carried out to pinpoint

the factors which affect the human decision-making process. Importantly it illustrated

the impact of moderating-factors on user decisions. Additionally the analysis of the

cognitive literature showed the similarity of the cognitive processes used in everyday

and information-related decision-making process.

This chapter builds on the understanding of the role of moderating-factors and

discusses a simplified model of HIB referred to in this thesis as the Black Box model

of HIB. The Black Box model is only concerned with the input and output variables of

humans and intends to ignore the existence of human cognitive processes. This allows

IR research to be described in a very consistent way and identifies the limitations of the

moderating-factor approaches discussed in the previous chapter. The Black Box model

is then further used in the next chapter to discuss the problem of human consistency

and validate the proposed research methodology.

3.2 Backbone of the model: moderating-factors

As discussed in the previous chapter the prediction of HIB based on moderating-

factors is non-trivial. A countless number of moderating-factors involved in the human

decision-making process and the complex relations between them make modelling and
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prediction of future HIB very prone to errors. The interaction between moderating-

variables is frequently neglected in the IR literature and its impact on HIB is rarely

analysed. This is a significant issue as the impact of variable interactions on HIB

is non-trivial. There exist countless examples revealing the complexity of the prob-

lem. One of the most characteristic examples illustrating the issue is the impact of

moderating-factors on user efficiency/efficacy.

User efficiency during IR is defined by the HIB research in various ways. It is

frequently defined as:

• The total amount of time required to complete the entire IR task.

• The average amount of time spend in a search session or on a part of the main

task.

• The number of relevant elements of information found in a period of time.

• The number of relevant elements of information found in comparison to all of the

information available.

The differences in the way the efficiency is defined and measured make the investi-

gation of factor interactions impossible. Therefore for the purpose of this illustration a

single definition was selected (see Kim (2001b) for details). The key factors which are

widely understood to have a significant effect on user HIB efficiency are as follows:

1. Domain expertise

The first parameter that has a statistically significant effect on user IR efficiency is

the user’s domain expertise. It is widely understood that the relation between the

domain expertise and human efficiency is governed by the power law of learning

(Anderson, 1982; Anderson et al., 2004, 1985; Newell and Rosenbloom, 1981;

Rabbitt and Banerji, 1989; Seibel, 1963) as shown in Figure 3.1a. The relationship

between domain expertise and efficiency is significantly moderated by the user

cognitive style (Witkin and Berry, 1975; Witkin and Goodenough, 1981; Witkin

et al., 1980) and web expertise (Hirsh, 2004; Hölscher and Strube, 2000; Kim,

2005; White and Drucker, 2007; White et al., 2009; White and Horvitz, 2009;

Wildemuth, 2004; Zhang et al., 2005) which is illustrated in Figure 3.1b.
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Figure 3.1: Domain Expertise VS Efficiency - a) Efficiency vs Familiarity level (Kelly

and Cool, 2002); b) Efficiency vs search expertise and Cognitive style ( - Field Dependent

Participants, - Field Independent Participants) (Kim, 2001b)

2. Task type

The impact of task on user efficiency and also HIB efficiency is widely recognised

in both psychological (Engel et al., 1999; Greeno, 1978; Voss and Post, 1988)

and IR literature (Gwizdka, 2008; Kim, 2006, 2008b; Kim and Allen, 2002; Li

and Belkin, 2008; Tu et al., 2008; Turpin and Scholer, 2006). The IS&R research

recognises that task and its parameters such as complexity (Gwizdka, 2008); facet

(Li and Belkin, 2008); definition and structure (MacGregor et al., 2001; Simon,

1973; Voss and Post, 1988); and psychological classification (Engel et al., 1999;

Greeno, 1978); have a significant impact on the IR process. Moreover the research

recognises that the task interacts with a variety of factors such as epistemological

beliefs, cognitive style, domain and search expertise and many others (Tu et al.,

2008).

3. Epistemological beliefs versus user efficiency

Additionally the efficiency of the user is significantly impacted by epistemological

beliefs (Tu et al., 2008) as shown in figure 3.2. The results suggest that par-

ticipants with more constructivist-oriented epistemological beliefs tended to visit

fewer pages but explore more deeply than the rest of the students. Overall they

are better in open-ended questions as they have the ability to pay more attention

when filtering information and overall, achieve better search outcomes.

69

aa0682
Typewritten Text
These images have been removed



3. GENERAL BLACK BOX MODEL

Figure 3.2: Epistemological beliefs VS Behaviour - Correlations among behavioural

variables epistemological beliefs, student background and tasks (Tu et al., 2008)

Figure 3.3 presents the regression models that can be used to predict the per-

formance of students performing open and closed-ended tasks (White and Roth,

2009). The results reveal that for the closed-ended tasks the student web-experience

was the primary factor deciding user performance. On the other hand, for the

open-ended tasks, the epistemological beliefs and meta-cognitive abilities are the

main primary, and only factors, affecting user success.

Based on the three factors discussed above which impact user HIB efficiency, the

plot presented in Figure 3.4 was created. The figure shows how 3 moderating-factors

(domain/web expertise, task type and epistemological believes) affect user efficiency.

As shown in the figure the factors are not linearly independent. The figure shows the

existence of significant interactions between the factors. In order to understand the

impact of one factor on user efficiency, the other two factors have to be captured and

included in the analysis, to avoid a significant error. Moreover the illustrated interac-

tions are highly non-linear, which further increases the complexity of the problem.

These three factors contribute to a small proportion of user-efficiency variance.

As illustrated in the previous chapter HIB is highly affected by a multitude of other

factors, such as age; presentation order; other task and cognitive style parameters;

language; culture and context of interaction (Kim, 2001a). Without further evidence
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Figure 3.3: Task VS Behaviour - Regression models for predicting user performance

across different tasks (White and Roth, 2009))

Figure 3.4: Efficiency prediction - Interpolation of the Efficiency as a function of Web

Expertise, Epistemological Beliefs and Task Type (Open Ended =1, Close Ended = 0) (Tu

et al., 2008). Hue represents the efficiency score.)
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it is difficult to assume that those additional factors will be independent, making the

problem simpler. On the contrary, empirical evidence exists which illustrate further

interactions between the parameters such as age/gender (Almutairi, 2011; Large et al.,

2002; Roy and Chi, 2003; Weiser, 2000), user domain/web expertise (Marchionini et al.,

1990; White and Drucker, 2007) and multiple other factors (Ford et al., 2005; Kralisch

and Berendt, 2004; Li and Kirkup, 2007; Nisbet and Norenzaya, 2004).

The modern HIB models do not provide the tools to model complex interactions

between moderating-factors. Therefore the selection of a model like a Black Box model

is needed in order to simplify the process. The next section proposes a Generic Black

Box model.

3.3 General (Black Box) Model of HIB

The proposed General (Black Box) model is inspired by two models:

• The behavioural ”Black Box” model (Holland and Skinner, 1961; Skinner, 1938).

• The cognitive ”Perceptual Control Theory” (Forssell and Powers, 2009).

The proposed model provides a vocabulary and a thinking-tool to deal with complex

HIB problems. The model allows for systematic discussion, research design and result

analysis of any research concerning moderating-factors. Importantly it provides a wide

range of mathematical and statistical tools that can be used for result analysis and the

comparison of results with existing research.

The proposed model was also heavily inspired by the Rijsbergen’s (2004) Geometry

of IR. Rijsbergen proposes a generic geometric framework that allows for formalisation

and generalisation of multiple IR approaches such as logical, probabilistic and vector

space models (Rijsbergen, 2004). The framework helps to formalise several behaviour

based IR approaches such as ”Pseudo-Relevance Feedback”, ”Relevance-Feedback” and

”Ostensive Retrieval”. The proposed Black Box model serves a similar purpose in HIB

research. It defines a simple and consistent framework that allows for the description

of HIB research results. It allows the HIB and behavioural/cognitive IR to use the

same vector space vocabulary and discuss the research related concepts and issues in a

consistent and highly formalised manner.
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The subsequent section discusses the existing models, which provide an insight into

the proposed general black box model.

3.3.1 Existing models

3.3.1.1 Behavioural Black Box

The Black Box metaphor is frequently used by radical behaviourists (Holland and

Skinner, 1961). The idea of radical behaviourism is based on the assumption that

human behaviour can be studied as a natural science. Radical behaviourists perceive

human responses as pre-determined and humans not having the element of free will.

Such an approach to the problem of behaviour analysis allowed behaviourists to treat

the human cognitive and learning processes as a ”Black Box” device as shown in Figure

3.5.

Figure 3.5: Behavioural Black Box - Behavioural Black Box Model

Such simplified approach, even though often criticised, is still frequently used in

psychology and multiple other domains. Sandhusen (2008), for example, used the

approach to predict customer purchasing behaviour.

One of the most widely recognised critics of the radical behaviourism approach and

also the behavioural black box model is Chomsky (1959) who proposed his own Black

Box model metaphor (also referred to as a generic ”Mind”). When introduced in the late

1950s it allowed for the first time, to approach the problem of language and language

development from the holistic perspective. The proposed Language Acquisition Device

(LAD) and Transformational-Generative Grammar (TGG) allowed for the integration

of biological, mental, social, and cultural factors affecting human language and cognitive

development.
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3.3.1.2 Perceptual Control Theory

The ”Perceptual Control Theory” (Forssell and Powers, 2009), as shown in Figure 3.6,

demonstrates that humans are not automata responding unconditionally to external

sensory input. Rather, they are purposeful beings planning their behaviour and con-

trolling their perception of the external environment. The visual model of the theory

(Figure 3.6) illustrates that humans, when faced with a problem, purpose-of-action or

goal, behave like an engineering control system (Figure 3.7), providing the surrounding

environment with a negative feedback. The model is very useful in the context of HIB

analysis as most of the current research is heavily user-task and search-task focused

and as a consequence it can be very easily interpreted using the model.

The goal of negative feedback, provided through mechanical or verbal response is

to change the environment to achieve or maintain the desired goal. An important

observation of the theory is that the user is not controlling the environmental variables

directly but instead is processing internal perceptions of both the surrounding world and

the actions which follow as a result of those internal perceptions. The Input and Output

elements of Figure 3.6 are responsible for the interpretation of the external world and

the translation of the perceptions of actions into feedback affecting the environment. As

a consequence, the ’Comparator’ element is not driven by the objective sensory input

and objectively defined task or user goal. Instead, it is provided with the interpreted,

limited and subjective information about the outside world and the desired outcomes of

actions. Moreover the responses created by the ”Comparator” element are not directly

related to user-physical responses but are just perceptions of actions to be undertaken.

Only the ”Output” element translates them into actions. As a result the response of

humans will be significantly affected by them, and their ability to interpret the external

world, make effective decisions and translate them into actions.

This ability of the user relates to multiple user traits such as user personality,

knowledge, experience, character, cognitive style and many others. In the further

discussion this trait affecting the user cognitive process will be referred to as the User

State.

”Perceptual Control Theory” is a generic cognitive theory which is also valid to

address the problem of IR and HIB. The only difference being the scope and dynamics

of the reference goal used to control the interaction with the outside world. When
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Figure 3.6: Perceptual Control Theory - The essence of the ”Perceptual Control

Theory” (Forssell and Powers, 2009)

Figure 3.7: Classical control system - Classical control system
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the user attempts to solve an information-related task he focuses his sensory input on

the available information-related resources and interprets them creating the subjective

representation/perception of the information that is being perceived. The process of in-

formation interpretation is highly personal and highly dependent on the above defined

User State. Figure 3.8 reflects this observation by defining the ”Input Interpreter” as a

function of not only ”Sensory Input” but also ”User State”. The next cognitive step in-

volves the ”Comparator” which compares the current ”Perception of the Environment”

(i.e. in the case of HIB, with the currently available information) with the requirements

of the information-related task at hand. Similarly, the comparison process that leads

to the subjective perception of difference is not exclusively a function of a task and

environmental perception. It will be highly dependent on the User State leading to

different perceptions of information, depending on User State variables such as user

experience, knowledge, personal character, etc. Finally, the response to the Perception

of Difference is also moderated by the User State, significantly varying user information

behaviour. Figure 3.8 presents the above mentioned information-related variables and

the relations between them, demonstrating the importance of the User State.

The figure above (Figure 3.8) presents a variation of the ”Perceptual Control The-

ory” adjusted for the purpose of HIB analysis. It also underlines the role of User State

and the functional nature of the components taking part in the cognitive process. This

functional nature of the components of the above mentioned model is the core of the

Black Box model discussed in the next section.

3.3.2 Proposed General Black Box Model of HIB

”Perceptual Control Theory” (Figure 3.8) assumes that the user control-system can be

represented as a probability-density function, otherwise there exists no causal relation

between the sensory input and the observed behaviour. Importantly this assumption

of human non-randomness is a key for development of IR systems and a foundation for

further discussion. In other words, it is only possible to develop IR systems if there

exists such a function that maps each Perception of the Environment, User State and

the Perception of Task, to an instance of Human Information Behaviour (Figure 3.9),

or its probability distribution function at that point.

The black box model can be summarised in one of the following expressions:
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Figure 3.8: Perceptual Control Theory of HIB - HIB specific interpretation of the

Perceptual Control Theory
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Figure 3.9: General Black Box Model - Black box model of HIB
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−−−→
HIB = fDMP (

−−→
PE,

−→
US,
−→
PT ) (3.1)

Figure 3.10: Deterministic Black Box model equations

P (
−−−→
HIB) = fDMP (

−−→
PE,

−→
US,
−→
PT ) (3.2)

Figure 3.11: Indeterministic Black Box model equations

• For all possible ”Perceptions of the Environment”, ”User States” and ”Percep-

tions of the Task” to be carried out, there exists a function fDMP of user decision-

making process that associates the combination of those three vector variables to

a single instance of Human Information Behaviour
−−−→
HIB:

• For all possible ”Perceptions of the Environment”, ”User States” and ”Percep-

tions of the Task” to be carried out there exists a function fDMP of user decision-

making process that associates the combination of those three vector variables to

a single HIB probability density function P((
−−−→
HIB)

Regardless whether human beings are fully functional and are incapable of making

free decisions (point 1) or whether they can make free decisions but their choices are

rational (point 2) the black box model holds and can be used for the IS&R purposes. It

is worth discussing briefly how human rationality/consistency is manifested mathemat-

ically in terms of the probability distribution function. Should the human be irrational,

the expected behaviour distribution should be uniform and all instances of behaviour

uniquely probable. Rationality introduces deviations from the uniform distribution

functions and only certain behaviours are probable. Figure 3.12 illustrates an abstract

probability distribution function of a rational behaviour. Every peak corresponds to

the most probable behaviour corresponding to a single combination of PE, US and PT.

One can argue, that the assumption of human rationality is incorrect as there are

countless examples of human irrational choice. It is important to notice though that

the Black Box model does not discuss the objective rationality of human choices, it

focuses on human causality from a human-perceptions perspective. The perception of

the environment, by definition, can be significantly different from the real/objective

shape of the surrounding world (if such a notion exists at all). From this perspective,

every action, even if perceived by the surrounding observers as illogical and irrational,
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Figure 3.12: Probability of HIB - Visualisation of probability density function of

Human Information Behaviour at P0(
−−−→
HIB) = fDMP (

−−→
PE0,

−−→
US0,

−−→
PT0)

is a natural and unavoidable consequence of the user internal state and the perception

of the surrounding environment.

The model defined in such a way is unique, as it treats the user decision-making

process as a black box, not going into the detail of cognitive processes responsible for

the shape of the decision-making function f but instead it focuses on:

• Input parameters moderating the HIB which can be classified, following the ”Per-

ceptual Control Theory”, into three generic vectors: PE - Perception of the En-

vironment, US User State and PT Perception of Task.

• The shape of the Black Box function f, its dynamics and its potential probability

distribution.

• The output of the model being the HIB vector and its components.

The Black Box model introduces a level of abstraction that allows for the unifi-

cation of the moderating-fctors research as discussed in the previous chapter of this

work. Every point on the abstract fDMP illustrated in Figure 3.9 corresponds to sin-

gle instance of HIB that was triggered by a certain combination of PE, US and PT.
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In the example in Figure 3.9 the point [
−−→
PE0,

−→
US0,

−→
PT 0] corresponds to a single in-

stance of Human Information Behaviour
−−−→
HIB0. Alternatively in a case when there

exists an element of free will/ behavioural choice/ behavioural randomity the point

[
−−→
PE0,

−→
US0,

−→
PT 0] corresponds to the HIB probability density function (Figure 3.12).

Such representation of the HIB is flexible and abstract enough to allow for the

description of all the cognitive processes. This also includes the cognitive processes

involved in everyday information behaviour. In contrast to the existing HIB models, the

proposed model provides an effective means for the analysis of the observed results, the

interpretation of the interaction of the different moderating-factors and their variability

in time. Moreover, it allows us to explain the deviations of the observed results from

the expected values predicted by the existing models, by the existence of other latent

or simply unknown moderating-variables that affect the variation of observed data.

Finally, the Black Box model equips us with a variety of tools that can facilitate the

analysis of the behavioural results. For example, in the case discussed above, Principle

Component Analysis can be employed in an attempt to remove the correlation between

the variables (for example those occurring among different cognitive style classifications

or among different task classifications) or alternatively, any Factor Analysis technique

can be applied to investigate other sources of data variation.

It is important to notice that the Black Box model discussed above takes advantage

of user Perceptions of the surrounding world which are significantly moderated by the

User State. This issue is discussed in the next section of this chapter.

3.3.3 Application of a Black Box model moderating-factors approach

The Black Box model, similar to the ”Perceptual Control Theory”, highlights the fact,

that the behavioural decisions, also related to information choices, are not made based

on sensory input, but are made based on subjective perceptions which are highly depen-

dent on user individual and unique state. Because of the latent nature of the variables

of the model the model, is difficult to apply for the development of real life information

systems.

The sole goal of an IR System (Figure 3.8) is to process the negative feedback

provided by the user, to minimise the Perceived Difference between the required infor-

mation and the perceived information, by not removing from the user the Perception
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of Control. This goal is very difficult to achieve because the values of the latent vari-

ables (i.e. Perception of the Environment, User State and Perception of Task) cannot

be objectively known. Instead, the real life IR system has to take advantage of the

measurable variables. The IR system aiming to model HIB, will take advantage of the

following variables:

• −→P Formal representation of a problem to be solved. It is an approximation of

the subjective Perception of the Task.

• −→C Formal representation of a context in which the problem to be solved is being

set. It is an approximation of the subjective Perception of the Environment.

• −→U Limited information about the User State variable.

To differentiate between the variables of the Back Box model and the variables

used by the actual model under investigation, is very important during the design and

interpretation of HIB and the behavioural IR research. For example, the review from

the previous chapter, clearly illustrated how personality and thinking style affects the

objectively measured domain expertise and moderates its impact on the user reading-

time. Similarly, it is illustrated how the information-presentation order has affected the

perception of relevance, and how this impact was further moderated by the user Inter-

net and domain experience. To summarise, the research taking advantage of objective

measures of the environment, content and the problem at hand, inevitably introduces

an error into the HIB prediction process. The error can be minimised if subjective or

implicit measures are used in the research design and implementation. Similarly this

also applies to the process of modifying the context of the information interaction and

the exact scope of the information problem. For example the research focusing on ex-

plicit forms of relevance-feedback, particularly in laboratory conditions often affects the

context of interactions. It also imposes tasks on the users affecting user engagement and

relevance estimation tolerance. Even the ethnographic approaches to explicit relevance-

feedback bring about a change to the context, by introducing additional rating-tools

and imposing their use on the users. This has a widely documented impact on the user

rating-process which is dominated by the negative feedback (Manning et al., 2008).

Finally for a moderating-variable IR implementation to provide sufficient predictive

validity to be used in real life, the moderating-factors analysed by the system would
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Figure 3.13: Human Cognition VS System Centric Model of Human Cognition

- Difference between the user decision-making process and its automated model
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have to explain a sufficient proportion of variance to offer the user a non-random search

experience. Should the proportion of variance explained be low, users will be receiving

significantly varying results, even though from their perspective the context of retrieval

might have not changed or changed to any marginal extent. Moreover, the group of

selected moderators would have to be independent from other moderators and the

non-observed variables should not impact the behaviour at all, or only to a marginal

extent.

3.4 Conclusions

This chapter introduced the Black Box Model of HIB along with the theories lying at

its foundations. Furthermore the model was used to illustrate the real life challenges

of the moderating-factor approaches to IS&R research:

• Our inability to capture subjective perceptions of the environment, user state,

and task which are used by the user to make ”rational decisions”.

• The complexity of explaining high levels of behavioural variance with the limited

number of moderating-factors.

• The very selective nature of moderating-factor based prediction making the ap-

proach difficult to use, even during the ethnographic study.

• The complexity of high level moderating-factor interaction affecting directly the

feasibility of the approach.

The above mentioned challenges mean that even when faced with rational human

behaviour our ability to predict it accurately and consistently is low. Those chal-

lenges are a significant thread to the moderating-factor based HIB research and the

goal of the next chapter is to discuss those challenges further and propose a new inno-

vative approach in order to overcome them. The next chapter proposes a new model

that can be used for the HIB research which removes the challenges related to the

use of moderating-factors. The proposed model is based on two well established the-

ories (i.e. Holistic Cognitive Theory of IR and Theory of Planned Behaviour) which

focus on the notion of rationality/consistency in order to simplify the variability of
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moderating-factors. The proposed approach takes advantage of their strengths to pro-

pose a consistent and simple methodology for IS&R research (Integrated Framework

for HIB in-situ).
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Chapter 3: Summary

Black Box models are very attractive from the scientific perspective as they allow they

analysis of complex systems without the detailed knowledge of their internal workings.

They allow the description of the investigated entity as a number of input and output

variables.

The proposed General Black Box Model of HIB builds on existing cognitive theories,

introducing an abstract-thinking framework and mathematical description language for

HIB related problems.

The key observation of the model is the fact that the user is carrying out his mental

processes based not on the objective analysis of his own state, task and environment,

but rather on his subjective perceptions. On the other hand this mental process is fully

deterministic and perfectly rational.

The analysis of the moderating-factor approaches to IR (e.g. approaches that intend

to predict human IR behaviour based on a small number of measurable factors) reveals

their numerous limitations such as:

• The inability to capture user perceptions

• The inability to achieve systematically high predictive accuracy with the number

of factors which are omitted in the prediction process

• The inability to cope with the high sensitivity of behaviour to input variable

change

• The inability to cope with variable interactions

The method of problem description introduced by the Black Box Model is going to be

used throughout the rest of the thesis to describe the problem of HIB Consistency. It

will be used to support the validity of the proposed research framework: the ”Integrated

Framework for HIB in-situ”.

Table 3.1: Summary of chapter 3
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4

Achieving personalisation and

contextualisation through

behavioural consistency

4.1 Introduction

The previous chapter has adopted the Generic Black Box model in order to systema-

tise the discussion about the limitations of the moderating-variable approach to IS&R

research. It illustrated the significant complexity of the problem which made the im-

plementation of a generic IR system almost impossible.

This chapter focuses on the concept of environmental and human behavioural-

consistency and discusses how this consistency can help to achieve effective IR solutions.

The chapter opens by discussing how the concept of consistency along with the princi-

ple of behavioural aggregation can simplify the process of analysis and interpretation

of human behaviour. The discussion is supported by the geometrical interpretation of

the concept using the proposed Black Box model. The model helps to understand how

the use of consistency in IR development can help to simplify the moderating-variable

space in terms of the dimensionality, as well as the shape of the space itself.

The chapter continues with a review of the cognitive research that successfully

takes advantage of human and environmental consistency. It discusses the similarity

of the discussed methodologies to the current models of HIB. It also analyses the

implications of the principle of behavioural aggregation on the IS&R application design
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and implementation.

The chapter closes with the discussion of the proposed methodology and its mapping

to the general Black Box model. The discussion focuses on the foundations of the idea

but also goes through the steps required to develop a successful IR solution. The

proposed methodology is the core of the work discussed in this thesis that will further

be used to conduct the user studies in order to validate this research.

4.2 Behavioural consistency and the Black Box model

The previous chapter of this thesis discussed in detail the limitations of the moderating-

variable approaches such as personalisation or contextualisation. The review carried

out in the previous chapter revealed a significant interaction between an entire family

of moderating-variables and the users’ observed behaviour. This directly affects the

predictive validity of the moderating-variable approach. Such high level of interaction

between the HIB and the moderating-variables makes the process of predicting hu-

man behaviour very vulnerable to the change of those variables. Should any of the

moderating-variables (such as the user, context or task) change to any degree, this

will have an immediate and difficult to predict effect on human behavioural-responses.

In such a case, in order to deliver effective personalized or context-sensitive IR solu-

tions, the research will not only have to understand the entire shape of the human

information-related decision-making process, but also to create a model that will be

able to cope with its dynamics. Furthermore, the model would have to introduce a user

acceptable-estimation error. Using the vocabulary introduced by the Black Box model,

it means that the shape of the entire behavioural space has to be understood with an

error (Figure 4.2: Error([
−→
Cm,
−→
Pm,
−→
Um]) acceptable by the user. Figure 4.2 b) illustrates

the above graphically. The solid line represents the real user behaviour function and the

dashed line represents the model used for the implementation. The distance between

the solid and the dashed line is the function of error. As a consequence, the overall

goal of all of the IS&R, as well as the IR research, is to minimise this error function.

The complexity of the problem discussed in the previous chapter, makes the global

minimisation of the error function difficult to achieve.

The assumption of environmental and user-behaviour consistency significantly sim-

plifies the above mentioned minimisation problem. If users tend to work in similar
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contexts, perform similar tasks, or solve similar problems on a daily basis, then in or-

der to deliver effective IR systems it is not necessary to know the entire behavioural

function (see Figure 4.2 a), nor to model it in the entire domain (see Figure 4.2 b).

Should there exist even a very limited level of consistency of moderating-variables,

then for the purpose of IR system development, the minimisation of the error function

can be carried out locally and not globally. This has significant implications which

are best described using the Black Box model (see Figure 4.2 c). The existence of

consistency means that:

• The moderating-variables which are identified as consistent will not vary in the

entire possible range. In such a situation, only a limited set of values can be

selected for research and implementation purposes. For example, when inves-

tigating the work-related behaviour of software developers, we do not have to

understand the impact of user age in the entire available spectrum (i.e. 0 years to

100+) but can focus only on a representable sample. Similarly the task-specific

domain expertise does not have to be investigated through the entire spectrum,

neither does the task distribution, or distribution across all potential development

languages, platforms or technologies have to be investigated. In reality, when fo-

cusing on such narrow user and activity samples, a significant amount of variables

will not vary at all, or at least only to a marginal, easily controllable extent.

• For each consistent situation, there will exist a number of moderating-factors

whose variation will not have an impact on user behaviour, or for which the

behaviour variation will be marginal.

∀CPUCons ∈ CPU ∃CPURedundant ∈ CPU : f(CPUCons, CPURedundant) ≈ const
(4.1)

Figure 4.1: Invariability of behaviour across consistent situations

Such variables/components of minor variance can be ignored during the research

process significantly reducing the dimensionality of the problem (e.g. through

principle component analysis). In practice, the assumption of consistency will

allow us to ignore almost an infinite number of variables that do not have an

impact on this instance of behaviour.

89



4. ACHIEVING PERSONALISATION AND CONTEXTUALISATION
THROUGH BEHAVIOURAL CONSISTENCY

• The ability to focus only on a very small section of the user interaction-space,

allows us to simplify the model used for its interpretation, without having a sig-

nificant effect on the error. The example illustrated in Figure 4.2 c) shows how

the complex model of human responses can be piece-wise linearly approximated.

Figure 4.2 c illustrates how the problem complexity can be reduced by an intro-

duction of simple context, task and user-centred heuristics, which are represented

by straight lines.

The existence of behavioural consistency does not mean that the developer/researcher

will always be able to use the above mentioned simplification techniques. It may also

not guarantee an error-free solution. It provides us with a set of tools supporting

systematic research and allowing for:

• Reduction of the range of the moderating-factors which are under investigation

• Reduction of the dimensionality of the problem

• Simplification of the model representation

It allows to achieve model simplification without losing control over the error func-

tion and provides us with a basis for very accurate error measurement, which is impor-

tant for the design of IS&R systems and user interfaces.

By designing IR solutions for particular user groups amd performing clearly-defined

tasks in well-defined contexts, we limit the variation of contextual / moderating-factors

(Figure 4.2 c)) and are capable of creating simple, sometimes even linear models of HIB,

and use them to provide the users with a better and more personalized experience.

This approach (i.e. the Cognitive Approach) has already been applied with significant

success by the biggest Internet service providers such as:

1. Amazon: Designed for all users in a context of intended purchase. The system

interprets the act of item purchase as a strong indicator of relevance; and the

act of visiting a product site as a weak indicator of relevance. It implements an

implicit-feedback recommendation system to provide the user with information

about the potentially related articles. Due to its design for multiple users, tasks

and contexts it introduces a significant error which is mitigated against by the

user interface-design.
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Figure 4.2: Domain Expertise VS Efficiency - a) Efficiency vs Familiarity level (Kelly

and Cool, 2002); b) Efficiency vs search expertise and Cognitive style ( - Field Dependent

Participants, - Field Independent Participants) (Kim, 2001b)
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2. Gmail: interprets the acts of reading an email; responding to an email; tagging an

email; and searching for an email, as indicators of relevance. This information is

combined with explicit information about the email importance, provided by the

user, and is used to automatically detect emails that can be important to the user.

The information is presented in a separate view or can be used during email search

up to the discretion of the user. The UI design minimises the negative impact of

errors in the estimation process.

3. Last FM: interprets the act of typing in an artist name and then according to

the consistent listening of the music provided by the system uses both of these

as a source of implicit music-related relevance information. It also combines the

information about the music the user listened to, in order to create music profiles

which can be shared with other users who have a similar profile.

4. Google: interprets the act of creating a link on the web site as a very strong

indicator of contextualised relevance. The link information is used to provide

the user with the relevant content. The system minimises the impact of error by

providing the user with summary information about the multiple pages the user

has retrieved which enables simple reformulation of the query.

The above discussed IR systems simplify the behavioural model of the user by

focusing on very specific task and use contexts. It is important to notice that those

context-specific implementations are not easily transferable to other, sometimes even

very similar contexts.

1. Amazon: The recommendation solution based on previous user purchasing-patterns

is not easily transferable, for example, for the purchase of a house or a used car,

because the information about the previous purchase-patterns of the user is not

available. Even if it was available it makes little sense to recommend houses or

cars that have been sold to the user.

2. Gmail: The solution adopted in Gmail is not applicable outside of the email do-

main, and even within the widely understood email domain it has limited applica-

tion. In enterprise email, where the circulation of correspondence is very strictly

controlled the mechanism for importance annotation has significantly lower value,

due to multiple email usage policies.
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3. Last FM: Even though the user-profiling approach is transferable to other domains

it requires careful consideration and customisation. It is applicable only in the

environments where the user is identifiable (not anonymous) and where content-

related metadata exists (author, genre, etc.). This makes the solution adopted by

Last FM very difficult to adopt in similar applications such as YouTube, where the

user interaction is not only frequently anonymous, but also the content metadata

is unknown, or even if estimated, carries a significant amount of uncertainty.

4. Google: The relevance-estimation solution adopted by Google is widely recog-

nised to have significant limitations outside of the WWW environment. In the

enterprise Intranet context the document authors have significantly different pri-

orities, which have significant impact on the types of documents that are created,

as well as their format and the number and types of links that they have on

average. Authors perceive links in a different way, and the act of placing them

in the document has a different correlation to relevance. As a consequence, the

approach which is very effective in the WWW context is not easily transferable

to the enterprise search domain.

The above discussed systems demonstrate how consistencies can be taken into ac-

count when implementing the IR solutions. However, they do not:

• provide a systematic methodology of achieving the success of implementation in

other domains;

• illustrate how to identify behavioural and environmental consistencies;

• provide a guide on how to identify the factors which do not affect behaviour;

• show how to create simplified behaviour models.

The above mentioned implementations were heavily driven by the business needs of

the quoted companies and were only created by a significant investment effort which

did not follow any particular IS&R model or methodology. They were based on the

significant experience of people working within the particular business sectors/user

groups, who had significant insight into their customer/user behaviour. They have

identified the behavioural-consistencies and took advantage of them by implementing
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the IR systems. The next section discusses a methodology that provides systematic

ways to design personalised and contextualised IR systems. The methodology allows

to first identify the business problem and user behavioural consistencies in order to

transform them into working and financially-viable IR solutions.

4.3 Existing methodologies

The notion of user behavioural-consistency is a foundation of multiple IS&R theories

and models. Multiple HIB models show a significant impact of moderating-factors on

the user decision-making process. One of the key modern theories discussing the effects

of information focused behavioural moderation is the Holistic Cognitive Theory for

IR (Ingwersen and Järvelin, 2007). The theory identifies significant limitations of the

laboratory approach which ignores moderating-factors. It proposes a framework that

allows the achievement of controllability similar to that of the laboratory approach

but taking into account various dimensions of user, task and context. The discussed

framework claims to be, and to a significant extent is, an integration of the main IS&R

models and research frameworks. As a consequence it is very representative for the

purpose of the discussion on consistency and its impact on the IS&R research.

4.3.1 Cognitive Framework

The discussed holistic approach, illustrated in Figure 4.3 b), and described in more

detail in chapter 2, is based on the observation that the classical Laboratory Frame-

work of IR is very limited in terms of its ability to cope with real life IR. Real life

IR in contrast to the idealistic controllable laboratory model is not an isolated and

population-wise uniform process. The authors of the cognitive framework notice the

significant importance the moderating-factors have on the users’ subjective relevance

estimation and build their theory based on the following presumptions (Ingwersen and

Järvelin, 2005a):

1. ”Information processing takes place in the senders and recipients of messages”

2. ”Processing takes place at different levels;”
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3. ”During communication of information any actor is influenced by its past and

present experiences (time) and its social, organizational and cultural environ-

ment;”

4. ”Individual actors influence the environment or domain;”

5. ”Information is situational and contextual.”

What is even more important for the research presented in this thesis is the fact

that the authors of the Cognitive Framework repeat the observations of the cognitive

research regarding the interaction between the moderating-variables. They note that

the factors affecting HIB are not independent and that there indeed exists interaction

between the behavioural variables.

The proposed framework, in contract to the cognitive research, is a constraint to a

number of moderating-variables. The framework classifies the key moderating-factors

into 9 dimensions/groups. Each of those dimensions is represented as a separate section

in Figure 4.3 b). The framework suggests that the selected dimensions could be the

key factors responsible for behavioural variance in the domain of IS&R. The framework

claims that the 9 dimensions proposed explain a significant proportion of behavioural

variance. It suggests that by using the 9 dimensions identified by the cognitive frame-

work, the laboratory approach can be naturally extended towards the user, task and

context.

Figure 4.3: Contextualised Theories of Human Behaviour - a) Icek Ajzen’s The-

ory of Planned Behaviour model and the impact of background factors on the model b)

Ingversen’s and Jrvelin’s holistic Cognitive framework for Information Retrieval
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The introduction of the 9 dimensions of the cognitive framework promises the ability

to ”apply a firm hand”on to the context variables. It promises the ability to design

laboratory-like experiments that will allow the controlling of the widely understood

context.

As discussed in the previous chapter, the cognitive research for decades has tackled

the limitations of the moderating-factor approaches which are known for their complex-

ity and very selective nature. And indeed, as easily observe the Cognitive Framework

to IR, when generalised, reduced itself naturally to the classical moderating-factor ap-

proach. As a consequence it inherits all of its advantages and strengths but also suffers

from all of its limitations. The limitations as discussed in the previous chapter relate

mainly to:

• Selective nature of moderating-variables

• Difficulty of interpreting the moderating-variable spectrum

• Higher order interactions between moderating-variables

• Number of moderating-variables

Naturally the key limitations were noticed and discussed by the authors of the

framework themselves who noted that the biggest criticism of this approach is the fact

that (Ingwersen and Järvelin, 2007):

”there are too many seeking contexts with too many possible combina-

tions of systems and tools: The design and evaluation of IR systems becomes

unmanageable.”

The above does not mean that the Cognitive Framework is just a very limited, IS&R

focused version of the moderating-variable approach, to behavioural research. What

makes the Cognitive Framework different, is the emphasis it places on behavioural

consistency.

The Cognitive Framework allows the researcher to take advantage of the all the

benefits of behavioural consistency because:
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• It offers a contextualised approach to the laboratory framework allowing the re-

search to apply a firm hand to reduce the range of the moderating-factors which

are under investigation

• By focusing only on the high level variables of the model it reduces the dimen-

sionality and as a consequence complexity of the problem

• The simplification of the model representation does not impose the need for gen-

eralisation of research for particular points in the cognitive space to allow for any

possible representation

The Cognitive Framework provides a set of tools that can be used when designing

experiments targeting particular user groups, consistently carrying out similar tasks

in a very consistent (purposefully optimal) manner but it is not straightforward to

use. The complexity of the approach is proportional to the complexity of the task

of identification of all moderating-variables that are responsible for the variance (or at

least its big proportion) for a particular user group and activity. Using the vocabulary of

the Black Box model, the key complexity lies in the identification of such a combination

of input parameters that would meet the Equation 4.1. The limitations listed above,

as well as in the previous chapter, make it very complex to control a sufficient number

of variables, in order to both, explain a high proportion of behavioural variance and

to implement accurate contextualised IR solutions. Even though very complex, the

approach is perfectly viable. The impact of the variation of uncontrolled variables

can be significantly decreased (e.g. the application of the Principle of Aggregation

(Rushton et al., 1983)) to the UI being designed (e.g. by decreasing the cognitive cost

of low-relevance estimation quality or quality variations).

4.3.2 Theory of Planned Behaviour

The Theory of Planned Behaviour (TPB) is an approach (shown in Figure 4.2 a) that

explains/predicts human behaviour in specific contexts (Ajzen, 1991, 2005, 2011; Ar-

mitage and Conner, 2001). TPB was developed to overcome the limitations of the

moderating-factor approach and simplify the behavioural research process (Fishbein

and Ajzen, 1975). Similar to the moderating-factor approach, TPB is based on the

assumption of human behavioural-consistency. In contrast to the moderating-factor
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approach, in TPB, human consistency or rationality is a key point that allows be-

havioural analysis. The theory acknowledges that the human decision-making process

is based on the analysis of the environment. In other words, it is based on the analysis

of the moderating-factors.

It can be noticed in Figure 4.2 a. that even though moderating-factors are at the

foundation of the decision-making process they do not directly drive the behaviour only

intentions can do that. Moderating-factors affect human intentions indirectly. This

observation, even though very simple, is ground-breaking. Behavioural intentions are

derivatives of moderating-factors which are already captured, quantified and processed

by the user when actions are formulated. Importantly, when the human cognitive

process creates and exposes the behavioural intention to the user, it already takes

important moderating-factors into account and therefore their further processing is not

required.

In the light of the theory the only other factor, apart from behavioural intentions

affecting the actual behaviour directly, is the level of the perceived behavioural control.

Indeed in real life almost all of our behavioural decisions are constrained by a variety of

factors, both real and imaginary. In real life situations our intentions are moderated by

the availability of time, the amount of financial resources, skills and many other factors.

The theory states that the stronger the intention and the stronger the perception of

control, the higher will be the probability of the behaviour being carried out.

It does not mean though, that there always exists a correlation between intentions,

perception of control and the observed behaviour. The correlation will exist only if

a number of pre-conditions are met. The following are the key preconditions which

significantly affect the predictive validity of the approach (Ajzen, 2011).

1. The key condition relates to the compatibility of intentions, the perception of

behavioural control and the investigated behaviour itself. The intentions, percep-

tion of control and behaviours are compatible if they are all related to the same

behaviour and are observed/carried out in the same context and within a reason-

able period of time. To illustrate this with an example based on this research, the

intention to copy information from the web related to the current development

problem is not compatible with the behaviour of copying the code examples or

reusing open-source libraries. The perception of behavioural control is also not
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compatible in this case, as different constraints will exist around the reuse of

short simple snippets and entire frameworks. Those two information objects will

have different intellectual property constraints, complexity and associated cost.

Consequently, even though the intentions associated to them can be identical,

the different levels of perceived behavioural control will change the decision, of

whether to engage in the behaviour of copying. The impact of context on be-

haviour is not insignificant as well, as the personal opinion of developers towards

code or solutions will vary depending on their environment (private/professional).

2. The second condition relates to the stability of intention and the perception of

behavioural control in time. The intentions and perceptions of a given behaviour

can change in the time interval between their measurement and the observation of

the behaviour itself. This condition is the key aspect of this thesis and translates

into the requirement of user and environmental consistency.

3. The final pre-condition is concerned with the impact of the perceived behavioural

control on the user behaviour. Particularly, the extreme values of the perceived

behavioural control would have significant impact on the observed behaviour,

regardless of the intentions.

It is also important to notice, that the extent to which the intention and the percep-

tion of behavioural control will correlate with the observed behaviour, will vary across

multiple tasks, contexts and the behaviours themselves. Usually, with a higher level of

perceived behavioural control, the correlation between the behaviour and intention will

also increase.

The discussed theory does not only focus on the correlation between intention and

perceived behavioural control to the observed behaviour. But importantly, it describes

the key factors affecting the intention creation process which are:

• The attitude towards the behaviour - the extent to which user wants to engage

in the behaviour

• The subjective-norm/subjectively-perceived pressure to engage or not engage in

the behaviour
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• The perceived behavioural control - the subjective perception of control the user

has over the behaviour

It also discusses why people hold the above discussed attitudes, norms and percep-

tions of control and goes into much detail of how beliefs shape those perceptions of the

world. The theory discusses how our personal beliefs shape our attitudes and norms

and how they formulate the basis for our perception of control as well.

The theory discusses the mechanism of creating the behaviour based on our in-

tentions and the perception of behavioural control. It goes further to discuss how

our intentions are formulated from both subjective norms and our attitude. Finally,

it discusses how the above are created from our beliefs. The understanding of this

mechanism is important in the context of this research for multiple reasons as briefly

described below:

1. It supports our assumption of temporal user-consistency by placing the rationality

of the decision-making process in the centre of the theory.

2. It provides us with a mechanism to infer and investigate the probability of be-

haviour based on various independent pieces of information especially where in-

formation is not directly available.

3. It simplifies and changes our perception of the moderating-variables approach.

The Theory of Planned Behaviour also takes advantage of moderating-variables.

Importantly, the moderating-factors affect the observed behaviour only to the

extent that they affect the limited number of beliefs that are shaping our intents.

They only affect the behaviour to the extent that they actually shape our beliefs.

The above reasons have significant implications from the perspective of the Black

Box Model analysis of the problem. The assumptions of the Theory of Planned Be-

haviour align with the assumptions of the Black Box Model. TPB allows identifying

a limited and finite set of beliefs that are responsible for a significant proportion of

behavioural variance. As a consequence the identified beliefs allow the identification of

a finite number of moderating-variables that explain their variance. When a set of be-

liefs (moderating behaviour) and moderating-factors are identified then both the range
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and the dimensionality of the moderating-factor space is significantly reduced. Addi-

tionally the Theory does not impose any limitations on the model used for describing

the behaviour under the varying moderating-factor context. In practice though, the

majority of models used along with the TPB are linear thus simplifying the problem.

The TPB’s predictive validity has its limitations as it rarely achieves reliability

ranging from 0.75 to 0.80 (Pearson’s p) (Ajzen, 2011; Fishbein and Ajzen, 2009). It

also has very well understood constraints of use, as discussed above.

The TPB is a very mature approach to the problem of behaviour prediction and

control and as such has been subject to criticism primarily from the supporters of the

moderating-factor/Black Box Model approach. One of the strongest criticism has been

raised by Fazio (1990) who states that, as the name indicates the TPB focuses primar-

ily on the planned/intentional behaviour (refer also to Aarts and Dijksterhuis (2000);

Knussen et al. (2004); Ouellette and Wood (1998); Wood et al. (2002)) He claims that

the TPB ignores the effect of automatic behaviours and processes. They believe that

the observation of habitual behaviour that is the behaviour recurring frequently and

consistently across the same contextual settings that can be triggered by environmen-

tal queues (Aarts and Dijksterhuis, 2000) can explain the same amount if not more

variance than the TPB. They believe that the habitual behaviour is triggered with-

out intention, which is the foundation of their criticism as TPB does not explain such

behaviours. This point of view is challenged successfully by Ajzen (2002) who points

out that the habit is a result of systematic repetition of deliberate action and can not

exists without a strong intention even if at a later stage the execution of the task is

supported by some automated mental processes. Ajzen provides a comprehensive body

of evidence that the residual impact of past behaviour vanishes when intentions are

strong (i.e. when we do not want to engage in the behaviour any more e.g. because of

the contextual/task change).

Similarly TPB is also criticised for its inability to cope with emotional responses

(Arvola et al., 2008; Bae, 2008; Batra and Ahtola, 1991; Edwards, 1990; French et al.,

2005; Trafimow and Sheeran, 1998). This and the previous criticism can be further gen-

eralised and discussed in terms of the ”Sufficiency of the Theory of Planned Behaviour”

(Ajzen, 1991). There exists a substantial body of research aiming to extend the TPB

with tens of other moderating-factors, presumably in certain situations increasing its
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predictive validity. In this light it is important to make the following two comments

citing Ajzen (1991):

• The ’theory of planned behaviour is, in principle, open to the inclusion of addi-

tional predictors if it can be shown that they capture a significant proportion of

the variance in intention or behaviour after the theory’s current variables have

been taken into account’

• ’it is at the level of beliefs that we can learn about the unique factors that induce

one person to engage in the behavior of interest and to prompt another to follow

a different course of action’

The TPB has also a more fundamental/philosophical limitation which is founded

in a way we define action and more precisely the factors triggering and controlling it.

As discussed by Suchman (2007) there are two alternative views of action:

• One that explains action through the underlying plans. As one can clearly see

the TPB falls into this category along with the wider behavioural sciences.

• An alternative view proposed by Suchman (2007) suggests that ”although the

course of action can always be projected or reconstructed in terms of prior inten-

tions and typical situations, the prescriptive significance of intentions for situated

action is inherently vague. The coherence of situated action is tied in essential

ways not to individual predispositions or conventional rules but to local interac-

tions contingent on the actor’s particular circumstances.”

The second view action recommends and ethnomethodological approach that shifts

the focus on analysis to: action, the particular and concrete circumstances in which it

occurred and the process in which people interpret the context in order to carry out

action. ”Rather than build a theory of action out of a theory of plans, the aim is to

investigate how people produce and find evidence for plans in the course of situated

action.” Suchman (2007).

The above does not mean that the two proposed approaches are conflicting or mu-

tually exclusive. On the contrary in the author’s opinion they can be used together

to gain a detailed understanding of an activity in a certain situational and social con-

text (through ethnomethodology) and provide very solid foundation for generalization

102



4.4 Proposed methodology: ”Integrated Framework for HIB in-situ”

through application of TPB (or similar) to the identified behaviours (reported levels of

correlation across multiple studies are very high and vary between R=0.59 and R=0.66

(Ajzen, 2011; Fishbein and Ajzen, 2009)). The proposed methodology is a form of such

integrated approach (for an explanation of this, refer to the last section of this chapter).

The above is a very appealing approach as the TPB has historically proved effec-

tive. A meta-analysis carried out by Armitage and Conner (2001) reviewed more than

180 independent studies taking advantage of TPB to predict user self-reported and

observed behaviour. The results found R = .52(R2 = .27) for the multiple correlation

of intention and perceived behavioural control with behaviour. Older meta-analyses

are consistent with those findings with R ranging between .46 and .58 (Notani, 1998;

Rivis and Sheeran, 2003; Schulze and Wittmann, 2003). The methodology of TPB is

successfully used in a variety of domains such as prediction and regulation of health-

related behaviours. TPB is one of the key models of Social Marketing for the prediction

of consumer behaviour, or prediction of pro-environmental behaviours.

Based on the above, it is considered that the TPB will benefit IS&R research and

IR implementation provided that the behaviours under investigation, population and

the proposed system constraints are defined prior to the application of the TPB. The

TPB does not support the steps needed to identify those behaviours due to the fact

that it is a behavioural control theory.

The next section will discuss the proposed ”Integrated Framework for HIB in-situ”

that takes advantage of the two discussed frameworks/theories to provide this research

and a broader research community a framework for effective IS&R experimentation and

IR design.

4.4 Proposed methodology: ”Integrated Framework for

HIB in-situ”

This section proposes an integrated methodology based on two existing well known

methodologies as discussed in the previous sections. The reviewed methodologies have

significant advantages but also their own limitations as listed in Table 4.1.

By integrating the two discussed methodologies one can benefit by taking advantage

of the strengths of the two methodologies and minimise their limitations. The proposed

approach has following advantages:
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Theory of Planned Behaviour Holistic Cognitive Theory for IR

Advantages Very high predictive validity.

Very simple research methodol-

ogy. Widely available set of re-

search tools and application ex-

amples. Very strong psycholog-

ical foundations. Wide appli-

cability across multiple research

problems/domains. Well estab-

lished history of research.

Ease of applications in the IS&R

context. Strong HIB and IS&R

foundations. Well embedded into

IR system development process.

Actor and behaviour focused.

Limitations Limited applicability for the IR

development process. Designed

for investigation of very well-

defined instances of human be-

haviour.

Limited history of prior appli-

cations. Limited evidence of

predictive validity. Moderating-

variable approach (suffering from

all of the approach limitations).

Table 4.1: Advantages and limitations of the Holistic Cognitive Approach and Theory of

Planned Behaviour

• It takes advantage of the Cognitive Holistic Framework in order to simplify the

process of identification of:

– User groups involved in the retrieval process, the key contexts in which IR

takes place and tasks which are being carried out

– Interface and information object preferences as well as the behaviours fol-

lowing retrieval

• It takes advantage of the high predictive validity of the Theory of Planned Be-

haviour in order to obtain a clear understanding of the moderating-factors ex-

plaining a big proportion of variance. It also provides us with tools that allow

the understanding of the amount of variance that is not explained. This drives

the key design decisions.

• Overall it is simple and clear and when supported by flexible research tools and

examples, has a significant potential for use outside of the academic domain

leading to a significantly decreased cost of effective IR development.
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Both models work together and focus on separate aspects of the IR development

problem being the investigation/prediction of behaviour and the embedding of the

knowledge of user behaviour into the IR system. Importantly the proposed methodology

provides a systematic set of steps, that can be followed to deliver an effective IR solution

decreasing significantly the research overhead of the IR implementation.

Similar to the Theory of Planned Behaviour and Holistic Cognitive Theory for

IR, the ’Integrated Framework for HIB in-situ’ is based on the assumption of Human

Behavioural Consistency, hence it was illustrated as a foundation of the approach in

Figure 4.4.

Figure 4.4: Domain Expertise VS Efficiency - a) Efficiency vs Familiarity level (Kelly

and Cool, 2002); b) Efficiency vs search expertise and Cognitive style ( - Field Dependent

Participants, - Field Independent Participants) (Kim, 2001b)

The proposed framework focuses on the ”behaviour” which is the common point

of the two underlying theories. In the proposed methodology it becomes a bridge
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mapping the two methodologies on to each other. Its consistency is the presumption

of the methodology and the focal point of this research. The proposed methodology

based on the framework is illustrated in the bottom section of Figure 4.4 as an arrow

representing the order of activities. The methodology is composed of the following

steps, taking advantage of both of the underlying frameworks.

1. In Step 1, the Cognitive Heuristic Framework is used to identify the IS&R ac-

tor/actors and the work and search tasks for which the further work will be carried

out. This goal of this stage is to define the exact scope of the research and its im-

portance should not be underestimated. At this stage the drive/business case for

the research / the IS&R problem is identified along with the measurable metrics

of IS&R improvement/commercial success.

2. The identification of actors and tasks is then followed by the detailed work analy-

sis. The work analysis should lead to a detailed and documented understanding of

the processes involved in IS&R, performed by the selected group, in the selected

context. It should result in the identification of currently used information objects

and interfaces and their limitations. Also this stage should provide the research

with a detailed understanding of the purpose of the retrieved information and how

this information further feeds into the work process. Special attention should be

placed on the revision of behaviours that follow the successful retrieval as those

can be further used for the development of various ”pseudo-relevance-feedback”

prototypes.

3. The work analysis ends with the identification of interfaces, information objects

and/or behaviours that can be used in the new IR systems based on contextual-

isation or personalisation. This is a starting point for the next phase of research

when the repeatability and consistency of the identified behaviours will be as-

sessed.

4. The subjective preference of interfaces and information objects, along with the

necessary behaviour, is then further analysed using the approach consistent with

the TPB, in order to identify the key beliefs impacting the behaviour. This step

is essential for the identification of stable behaviours as well as the identification

of the level of variability of the behaviour. Additionally, key beliefs and factors
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that will affect the extent of variability are taken into account. During this

step the researcher has to understand which behaviours are consistent, whether

the proposed implementation can cope and to what extent, given the levels of

consistency observed.

5. The identified beliefs leading to the target behaviours can be used in the next step

by the identification of the key moderating-factors which affect their behaviour.

The understanding of moderating-factors and the extent to which they can be

captured measured and controlled, leads naturally to the design decisions and

the introduction of measures of control, or the mitigation of their variability.

It is important to notice that the variability of behaviour, combined with the

inability to control the moderating-factors affecting them, does not necessarily

discriminate the behaviour. Various methods can be used to either decrease the

variability (i.e. the principle of aggregation), or to decrease the impact on the

user (e.g. by decreasing the cognitive load associated to review of the incorrect

information).

The analysis of the proposed methodology from the perspective of the Black Box

model proves to be very consistent as well. Every step of the proposed methodology

translates directly into dimensionality reduction, variable-range reduction or model

simplification activities. The methodological steps of the framework can be described

using the Black Box model vocabulary in the following way:

1. Actor and problem identification: This step is equivalent to the reduction of the

variation of the key dimensions of the behavioural space.

2. Work analysis: The identification of a group of behaviours as a result of this

activity allows for the short listing of functions that will be modelled using the

Black Box model.

3. Identification of behaviours: The selection of a single behaviour: This step is

equivalent to selecting only one of the behavioural functions to be modelled in

further research.

4. Behavioural analysis: This is consistent with the identification of groups of di-

mensions that have a key impact on the selected behaviour consistency. This step
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reduces the size and dimensionality of the behavioural space under investigation

even further. Moreover, during this step the nature of the relationship between

the dimensions of the model and the observed behaviour is revealed.

5. Identification of moderating-factors: The identification of key dimensions that

will have impact on the selected behaviour consistency and the investigation of

the relationship between those dimensions and the behaviour function itself.

The next chapter of this thesis will review the fundamental assumption of the pro-

posed methodology being the assumption of behavioural consistency and will illustrate

how the proposed consistency focused methodology can be used during the research

and development process. This will be achieved by the application of the discussed

methodology to the problem of IR, in the context of software development.
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Chapter 4: Summary

The analysis of the problem of HIB Prediction using the General Black Box Model

reveals that its complexity can be significantly reduced if the prediction is carried out

locally and not globally in the problem space.

The analysis of HIB for most frequently reoccurring/consistent areas of the Black Box

Model space (reoccurring tasks/contexts/emotional states) allows the:

• Reduction of the dimensionality of the problem

• Reduction of the variability of the remaining variables

• Decreasing of the sensitivity of behaviour to variable change

• Reduction of the complexity of the problem representation (e.g. through liberal-

isation)

Taking advantage of user consistency can lead to the significant simplification of

the problem of HIB prediction and the development of highly effective personalisa-

tion/contextualisation systems. All of the successful personalisation/contextualisation

systems (some of which are analysed in this chapters) target their implementation to

well-defined and highly repeatable/consistent behaviours.

Consistency of human behaviour is also a focal point of numerous Cognitive and IS&R

theories/ research methodologies such as the Cognitive Holistic Framework for IR or

the Theory of Planned Behaviour.

The discussed frameworks have numerous limitations that make them unsuitable for

rapid development of personalised/contextualised IR systems.

• The Cognitive Holistic Framework to HIB is a highly consistency focused

moderating-factor approach and as a consequence suffers from all of the

moderating-factor related limitations as discussed in previous chapters.

• The Theory of Planned Behaviour is an abstract cognitive theory and as a con-

sequence is not easily applicable to IS&R.

The proposed ”Integrated Framework for HIB in-situ” integrates the above consistency

focused approaches. It uses the two distinct theories in order to address their mutual

limitations and suggests an approach that not only allows for achieving high predictive

validity but is also easily applicable in the IS&R domain.

Table 4.2: Summary of chapter 4
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5

Software developers’ behavioural

consistency

5.1 Introduction

The previous chapter discussed the importance of behavioural consistency for the over-

all HIB research but also for the process of design and implementation of real life IR

systems. It focused on the most representative behavioural change theories from psy-

chology and HIB. It also discussed how they use the notion of consistency in order to

describe and predict human behaviour. The review carried out in the previous chapter

illustrated, that there exists psychological research discussing how to achieve consid-

erable predictive validity, when predicting human behaviour. However the existing

research is not focused on the design and delivery of IR systems. As a consequence, the

application of theories such as Theory of Planned Behaviour to commercial IR prob-

lems and their integration into the software-design and delivery process, is not a trivial

task. On the other hand the HIB theories, such as the Holistic Cognitive Framework

to IR, even though designed with the IR problem in mind, lack the maturity of the

psychological research and its predictive validity.

The previous chapter pointed out the importance of the assumption of consistency

for behavioural research but also identified the significant methodological and theoret-

ical limitations of the existing frameworks. Therefore the previous chapter proposed a

new methodology, ”Integrated Framework for HIB in-situ”. The proposed methodology

integrates the strengths of the Theory of Planned Behaviour and the Holistic Cogni-
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tive Framework to IR. The proposed methodology helps to simplify the commercial IR

delivery process and overcomes some of the limitations discussed previously.

This chapter discusses the application of the proposed methodology by illustrating

how it can be applied to the real life information problem. In this case the methodology

is being applied to the work-related information problems of software engineers.

The chapter is composed of two key parts as represented by the bottom and top

sections of Figure 4.4 shown in the previous chapter:

• It opens with the discussion around the way the key assumption of the research

(human consistency) will be verified. It discusses the way the overall human

information-related behavioural consistency will be assessed (top of the Figure

4.4). As discussed, the assumption of human consistency is fundamental for the

overall behavioural research. The validity of the assumption of consistency in

the context of HIB, is being verified at the beginning as a first activity of this

research, by User Study 1.

• The following sections of this chapter go through the steps of the proposed ”In-

tegrated Framework for HIB in-situ”. The discussion focuses on how particular

activities of the proposed methodology are being applied in the context of this

research (bottom of the Figure 4.4). The chapter discusses how steps such as the

identification of actor and task groups, the further investigation of behaviours

and their variability through User Studies 2 and 3, are designed and carried out.

5.2 Overall HIB consistency

As discussed in previous chapters, the consistency of Human Information Behaviour is

a necessary condition for any systematic attempts, which are aimed at explaining and

predicting HIB. The existence of the causal relation between how humans perceive the

world around them and how they respond to it, is essential for any of the scientific

methods to make sense at all.

The goal of the first activity of this research is to review the assumption of human

information-related consistency. User Study 1, described in this section, attempts to

investigate to what extent daily HIB is repeatable and therefore to what extent there

exists a potential for the development of task specific IR solutions. The User Study

112



5.2 Overall HIB consistency

1 was composed of three stages: an opening interview, diary study and the closing

interview.

The user study was performed on a group of 12 participants for a duration of two

months. The group consisted of 6 women and 6 men. Five participants of the research

were postgraduate students of Coventry University, three participants were undergrad-

uate students, and five participants were working in Coventry and the surrounding

areas.

Figure 5.1: Black Box Model - The General Black Box Model of HIB

User Study 1 focuses on the key elements of the Black Box Model of HIB (Figure

5.1) and the extent they are perceived by users as repeatable/consistent/habitual:

• The study focused primarily on the perceived environmental-consistency of HIB.

One of the key goals of the opening interview was to establish the existence or

non-existence of the geographical HIB distribution. The interview focused also

on a number of key contextual factors (moderators) that affect user information

interaction as well as its distribution and variation. This part of the uses study

focused significantly on the perception of environment (
−−→
PE vector - Figure 5.1)

aiming to prove that the geographical location of HIB not only has a non-uniform

probability density function but also it is a sum of normal distributions supporting

the assumption of environmental-consistency.

• The study also focussed on the user reported work task distribution both in time

and space, concentrating therefore on the second vector of the Black Box Model:
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−→
PT (Figure 5.1). The information about user work distribution was collected

in a twofold manner, both directly during the interview, as well as through the

analysis of the diary entries. The diary entries were used to sanitise the verbal

information provided by the users and make sure that the non-key activities (in

terms of importance) were not omitted by the users, who tended to focus on their

critical tasks.

• Thirdly, the study focused on the distribution of user key states (
−→
US - Figure

5.1), and their correlation to the other input and output variables of the Black

Box Model. The key focus was on the analysis of the variation of the (US) vector

across various points observed in the
−→
PT ,

−−→
PE space. The analysis focused on

the variation of user states across highly repeatable tasks and environments. The

variation was hypothesised to be very low which supported the hypothesis of

human consistency.

• Finally the study investigated the consistency of user responses, especially to the

problems, environments and states self-reported by users as being reoccurring

/consistent. This was achieved though the analysis of the user-perception of the

problem, its consistency and the use of search tools/ strategies applied as well as

the search keyword analysis.

The design of the diaries allowed for the estimation of the magnitude of the observed

regularities and their correlation with the selected moderating/contextual factors. Also

it allowed the assessment of the regularities in terms of distribution in time and space

and across different contexts of interaction. Finally User Study 1 was compared with

the general psychological research so that the analysis of the underlying problem-solving

and decision-making mechanisms could be carried out and further generalization of the

results could be achieved. The design of the study was inspired by the work carried out

by Bargh (2007) on the automaticity of higher mental processes, Ajzen’s (2002) view

of the habituation and automaticity process, as well as Wood’s work on habituation

(Ouellette and Wood, 1998; Wood et al., 2002). This thesis is not devoted to the

automaticity of human behaviour or the process of habit development. However, the

results are comparable with the results obtained by Wood et al. (2002) which discuss

the extent of human everyday consistency.
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5.3 Actor identification

User Study 1, discussed in the previous section, supported the assumption of HIB

consistency but also revealed significant variations of the usage of IR systems and the

levels of consistency across various user groups. The observations made the application

of the proposed methodology (”Integrated Framework for HIB in-situ”) viable, but

also stressed the significant importance of the careful selection of actors and problems

involved in the study, due to the observed variations in consistency. This section

discusses the process used for actor identification and supports the selection made,

with appropriate evidence from the literature.

The initial identification of the actor and problem group was based on the simple

observation of the current employee work patterns, of the sponsor of the discussed

research. The day to day practice illustrated clearly, that the people involved in software

design and delivery are highly dependent on access to the on-line information resources

and that the frequency of the use of those resources is very high. The analysis of the

feedback from the teams responsible for code development suggested that the process

of finding the information is not always straightforward. Finding information can take

a significant proportion of their overall work time and consequently it generates a

significant cost.

The literature review supports the observation that software engineering and devel-

opment on every stage of the software life-cycle is a very cognitively challenging task

(Detienne and Bott, 2001; Hoc, 1990; von Mayrhauser, 1995; Weinberg, 1998; Xu and

Rajlich, 2004). It requires from the developer a variety of technical, problem-solving

and business skills. On the one hand, the process of software design and implementa-

tion requires significant creativity and innovation, but on the other hand it can be very

tedious, requiring from the developer repeatable activities and a significant amount of

manual, often non innovative work. Both the complex and trivial activities are usually

executed under significant pressure, to optimise the developer performance, in terms of

time and quality of code (Freund et al., 2005; Ye et al., 2007), which directly translates

into profit generated by the software development team and the software user.

In late 60’s this relationship was identified and new groups of research appeared

focusing on the Psychology of Computer Programming (Weinberg, 1998), Informa-

tion Science and widely understood HCI for software development. The early research
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focused mainly on the investigation of the cognitive and learning processes involved

in the development of code with the special emphasis on how to use this knowledge

to develop new, easier to use, programming languages and tools, supporting the de-

velopment of code. The introduction of computer networks and especially affordable

Internet and Intranet significantly changed the way software engineers solve their work-

related problems. Due to significant social pressure and availability of online resources

and communication channels, more and more information problems in the development

life-cycle are resolved exclusively through the use of on-line information and code repos-

itories. The changes in the software development practices and availability of online

technologies also triggered this shift. The focus of the research community changed

both from Psychology of Programming and Information Science perspectives. Current

research focuses significantly on the usage of online resources and the IR process.

The more specialised literature discussing HIB within the Software Engineering

and also in a wider Engineering domain is also very mature. This provides very solid

support for the research focusing on this user group. The next subsections will focus

on the more detailed literature review of engineers’ and then software engineers’ work

practice and the importance of IR throughout the process. The review will allow to

understand further the importance of IS&R utilities and provide with knowledge about

the frequency with which we can expect to observe seeking behaviours and the estimated

extent of their consistency.

5.3.1 The role of IR in Engineers’ and Scientists’ work practice

The information behaviour of engineers (also including engineering students and re-

searchers) is one of the most investigated topics within the HIB domain. In his 1984

review of the HIB landscape, Wilson et al. (1984) refers to the literature of a time as

primarily the ”study of scientists’ information-seeking behaviour”. Because of the avail-

ability of engineers and scientists within academia and business focused on IS&R re-

search (e.g. Miscrosoft, Google, Yahoo, Facebook, Amazon, etc.) there exists a wealth

of literature discussing the information needs and habits of those two user groups.

Table 5.1 provides an overview of the most representative studies on Engineers’ and

Scientists’ information behaviour.

Even though the information-needs as well as goals of Scientists and Engineers are

similar, the research has identified differences in the way they acquire and use infor-
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User Group Key Representative Studies

Scientists
Bichteler and Ward (1989); Brown (1999); Case (1986); El-

lis et al. (1993); Flaxbart (2001); Hallmark (2001); Murphy

(2003); Palmer (1991); Saracevic (1992)

Engineers
Bruce et al. (2003); Fidel and Green (2004); Freund et al.

(2005); Gerstberger and Allen (1968); Gralewska-Vickery

(1976); Hertzum (2002); Hertzum and Pejtersen (2000b);

Holland and Powell (1995); Leckie (2005); Pinelli (1991);

Tenopir and King (2004); Yitzhaki and Hammershlag (2004)

Table 5.1: Summary of the HIB literature focusing on Scientists’ and Engineers’ behaviour

mation. As discussed by De Solla Price (1965), the groups differ primarily because

”the scientist wants to write but not read, and the technologist wants to read but not

write”. This has direct implications to the way those two groups search for information.

Research carried out by Yitzhaki and Hammershlag (2004) investigated the HIB dif-

ferences between engineers and scientists in terms of what information resources were

used and what factors decided about the information relevance.

Work carried out by Leckie et al. (1996) was one of the most widely recognised within

the HIB and IS&R community. The proposed model of professionals’ work-related HIB

was based on a extensive survey of work practices of scientists, engineers and several

other groups of professionals. The work carried out by Leckie (2005) acknowledged the

importance of IS&R among the investigated groups and stressed the critical nature of

utilities and processes supporting this activity.

The model illustrated in figure 5.2 is a moderating-factor approach to the problem of

HIB. The proposed model identified six dimensions of context or moderating-variables

that had primary impact on IS&R in work-related situations, which are:

• The work role and task at hand which are inevitably interconnected and together

influence a definition of the task related information needs.

• The characteristics of the information need. This element is consistent with

the user-centred approaches discussed in the previous chapters of this thesis.

According to Leckie it is the key driving force for the overall HIB.
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Figure 5.2: Leckie’s Model - Leckie’s et. al models of information seeking behaviour

of professionals (Leckie, 2005; Leckie et al., 1996)
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• The awareness of information and information sources. What is recognised by

Leckie and what is characteristic of the professional and work-related IR which

is not always Internet based, is the fact that awareness of the information plays

a very significant role. Awareness of the information along with the sources of

information is one of the key mechanisms mediating the process of IS&R and

leading to the selection of search outcomes.

• The outcomes and their relation to the above through the process of seeking and

feedback.

One of the most consistent observations of the literature investigating engineers’

information-behaviour is the fact that engineers prefer processed information over de-

tailed documentation (Case, 1986; Holland and Powell, 1995; Tenopir and King, 2004).

The empirical studies illustrated that engineers relied on their own knowledge as well

as the knowledge of their collogues (either directly or through the use of blogs or dis-

cussion forums) more frequently than on technical documentation. One of the primary

reasons fur such behaviour was the problem-driven nature of their work. Engineers

often worked under strict time constrains and were heavily task-driven. From their

perspective, full understanding of the problem was not as relevant as problem resolu-

tion. Engineers would attempt to minimise the time and effort required to gain the

additional knowledge. They would use the sources that they were familiar with and

that they believed were most accessible. They would reinforce the use of those selected

source over time (Hertzum and Pejtersen, 2000a).

There also existed vast body of research illustrating the importance of interpersonal

communication among engineers. Holland and Powell (1995) have conducted a user

study on a group of 60 engineers asking them to rate their information resources in

terms of their importance. ”Word of moth” was the most highly rated of the listed

sources.

The study carried out by Fidel and Green (2004) investigated the process of infor-

mation selection by engineers. One of the primary findings of the study was the fact

that engineers were heavily focused on saving time during IR and selection of docu-

ments. Therefore they very frequently preferred familiar information sources even if

they provided suboptimal information.
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The following section will illustrate that the above observations are also true for

software engineers. Software engineers deliberately avoid using the technical literature

if they can find highly processed information authored by their collogues and reuse

existing solutions (employing the principle of Least Effort). It will also demonstrate

the importance of effective IR and the implications it has on their overall performance.

5.3.2 The role of IR in Software Engineers’ work practice

The literature review carried out for this research supports the initial findings and

consultations made in the sponsor’s work environment. Because of the overall com-

plexity of the problem discussed above, even before the widespread use of the Internet,

searching for information was one of the most common and also one of the most time

consuming activities, carried out by software developers (Curtis et al., 1988; King and

Griffiths, 1991; Liu et al., 2005; Seaman, 2002; Singer et al., 1997). The figures quoted

in the literature vary significantly across different experimental groups reporting that

even 60% (Liu et al., 2005) - 80% (King and Griffiths, 1991) of software developers’

time could be consumed by information retrieval. Most often, frequencies between 20%

and 30% are reported in the literature.

Table 5.2: Average amount of time software developers spend on information retrieval /

communication

An example of a typical work task distribution of software engineers was reported
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by Singer et al. (1997) and is illustrated in Figure 5.3. The graph clearly illustrates the

importance of information, its re-use and retrieval, in the process of software mainte-

nance and development. The graph clearly shows that even before the widespread of

Internet IR was not only the most frequent activity it was also carried out on a day to

day basis.

Figure 5.3: Key Software Engineering Tasks - The graph on the left illustrates

the percentage of days (out of 14) during which the reported behaviour occurred at least

once. The graph on the right illustrates the frequency of particular activities (Singer et al.,

1997)).

The widespread availability of digital information did not significantly impact the

proportion of time developers spent on search (Brandt et al., 2009; Freund et al., 2005).

On the contrary, the increasing complexity of development problems; the technologies

used to deliver code; the increasing availability of open source tools/components and

easy access to the information resources, further increased the amount of time devel-

opers spent on searching for information and engaging in opportunistic programming

(Brandt et al., 2009; Hartmann et al., 2008). The research indicates that the proportion

of time spent on searching still varies between 20%-30% and would reach much higher

levels if it were not for the commercial/management related constraints (Freund et al.,

2005).

The role of IR and its distribution in time and across tasks was analysed by Brandt

et al. (2009). Figure 5.4 illustrates the results of their work and shows an exemplary

distribution of web usage during the software development activities. The results stress

the importance of IR activities in the development life-cycle but also reveal the indi-
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vidual nature of IR and information re-use. The amount of time individuals spent on

the IR varies between 7.2 and 68.8 minutes. It is important to notice that the Internet

was used by all of the participants and all of them perceived it as a ”key resource”.

Figure 5.4: Time distribution - Web resources usage during software development task

(Brandt et al., 2009). The dark bars represent the time spent on the searching activity;

the light bars represent the time spent on assessing the content retrieved by the search

process.

The literature review clearly illustrated that not only the initial observations carried

out in the sponsor’s environment were correct (indeed, IR is one of the core engineering

activities), but also showed that the fact that software developers stop the search

process is not necessarily related to the success in IR. The fact that software developers

spend 20%-30% of their time on IR does not mean that they are able to solve all of their

information problems in this time frame (Freund et al., 2005). The amount of time

is limited because of business constraints, deadlines and delivery goals which prevents

developers from continuing their search activities. This has a negative impact on the

code and software architecture quality.

The review illustrated that there exists a significant potential (also commercial) for

new and more agile IR solutions, focusing on widely understood software engineering.
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The review shows that the group of software engineers is a good candidate for further

behavioural analysis due to the frequency of interaction.

5.4 Task identification

According to Ajzen (2002), ”the frequency with which behaviour has been performed in

the past is found to account for the variance in later behaviour, independent of inten-

tions”. This is especially valid if the context in which the behaviour is being executed,

along with the human attitude towards the behaviour, is stable (Ajzen, 2002; Ingwersen

and Järvelin, 2005b; Jrvelin and Ingwersen, 2004; Wood et al., 2002). Obviously, there

exist an almost infinite number of moderating-factors, that account for context and

user personality variation and they all have a dramatic impact on the decision-making

process (Aarts and Dijksterhuis, 2000; Ouellette and Wood, 1998). If the variation of

those factors is controlled, for example by the imposed task and the social settings, then

a successful prediction of behavioural trends can be achieved with significant accuracy

(Ajzen, 2002).

This section focuses therefore on the identification of tasks in which the software

engineers are engaged. It shortlists the key tasks and actor groups which have the

highest potential for the further analysis of IR development. This exercise is carried

out in order to understand the wider context of their interaction and identify, through

work analysis, a number of behaviours that will be further investigated in User Studies

2 and 3.

The analysis carried out in this section aims at reviewing the task distribution of

Software Engineers and selection of those activities and engineer groups (e.g. testers,

analysts, developers, administrators, etc.) for which further analysis and optimisation

will be carried out. The selected tasks should have the following properties:

• They should be frequently observable

• They should have non-trivial complexity

• They should naturally transform into search tasks, also of high frequency and

non-trivial complexity
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In order to achieve the above mentioned goal the literature review was carried out

aiming to identify various Software Engineer task and activity classifications. One of

the most comprehensive investigations of Software Engineers’ task distribution in con-

text of IR was carried out by Freund et al. (2005). The research provided an overview of

the changing information needs and strategies used by software engineers to find the re-

quired information. The analysis was performed taking into account contextual factors

of developers’ interaction such as work task category, stage of the project, information

goals and many others. What is important in the context of this review, is the fact

that the research identified a number of repeatable classes of activities/tasks/archetypes

that were characteristic of software development and discussed the information needs

for each of them. The results stressed the fact that the Software Engineers’ infor-

mation behaviour was highly shaped by the work context in which the information

need was created. The reported work suggested the existence of a causal relationship

between the work task, the context in which it is performed and the information be-

haviour/strategies engaged in searching. This seemed to be supported by the previous

literature investigating the professionals’ information behaviour (Freund et al., 2005;

Jrvelin and Ingwersen, 2004) and the literature discussing the impact of task on infor-

mation behaviour (Kim and Allen, 2002). Figure 5.5 based on Freund et al. (2005),

summarizes the Software Engineers’ activities and highlights several dimensions across

which they can be classified. The results refer to the wider group of Software Engineers

and a set of tasks which are not exclusively focused on code delivery.

The distinction of roles and responsibilities identified by Freund et al. is also widely

recognised outside of the IR research domain. The observation that Software Engineers

are becoming highly specialised was made also in the Psychology of Programming. The

review carried out by Freund and many others pointed out that Software Engineering

involves a vast range of various activities which are not necessarily related to the delivery

of code.

The further literature review illustrated that the role of a Software Engineer was not

necessarily assigned to him permanently but can change along with the life-cycle of the

project (LaToza et al., 2006). To understand the task distribution as well as tools and

most common practices of Software Developers, researchers LaToza et al. (2006) and

Kim (2006) conducted two surveys and eleven interviews on 187 software developers

from Microsoft Corporation. The experiment was focused on employees engaged in the
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Figure 5.5: Classification of Software Engineer Work - Software Engineer Activities

distribution based on Freund et al. (2005)
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code delivery process, therefore the results were less abstract than those obtained by

Freund et al. Figure 5.6 (a) illustrates this distribution and the percentage of time

consumed by different tasks.

Figure 5.6: Software Developers’ Activities - a) A box plot of activity time. b)

Statistically significant correlations between the tasks (LaToza et al., 2006).

The results also revealed that most of the developers engaged simultaneously in

more than one activity during the week with the majority engaging in all 9 activities

all the time. The research also revealed considerable correlations, both positive and

negative, between the various tasks, identifying the sequential nature of many of them

(Figure 5.6 b). What was more important was the observation that the task distribution

of developers changed together with the life-cycle of the project and the role of the

engineer. The results in the figure clearly show a statistically significant correlation

between the stages of the project and the main activity carried out by the developer.

The variation of tasks did not span across activities which are unrelated to software

development (e.g. consulting activities). This suggests that the transition between the

widely understood roles is not dependent on the life-cycle of the project. Indeed, in

complex organisations, the distinction between Software Developers, Testers, Archi-

tects, Administrators, Consultants, etc. is much clearer and usually user progression

through those roles takes time. As a consequence in the majority of cases user classifi-

cation can be perceived as fairly stable.
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Figure 5.7: Task Distribution through the project life cycle - Proportion of dif-

ferent activities during different stages of the software project (LaToza et al., 2006)

The study carried out by Sharif et al. (2011) investigated the information-seeking

behaviour of open-source programmers. The study was unique as it did not investigate

a single developer-group but it compared the behavioural patterns of 6 different open-

source groups. Moreover the results were captured over a period of several years,

providing an insight into the developers’ behavioural dynamics. The study focused

primarily on analysis of the magnitude of information-need associated with different

development tasks and problems. Figures 5.8 and 5.9 illustrate the results of the study.

The study identified differences between the development groups as well as changes

in behaviour at different points of time. On the other hand the study identified very

clear trends in software development task distribution. As illustrated in Figure 5.8,

software developers engaged in IS&R primarily when working on implementation of

software or when they were being introduced to a new technology. The results also

illustrated that they did not seek information when working on the documentation,

going through the change management process, testing, etc. (see Figure 5.8).

What is also very interesting, the need to use search utilities varied with the class

of question developers tried to address. Figure 5.9 illustrates the distribution of the

problems developers attempted to solve as well as the frequency with which those

problems occurred. The results illustrated that developers engaged in IS&R primarily

in order to confirm their understanding of the problem (i.e. ”Confirmation” strategy) or

when they were seeking for the solution of the problem-at-hand (i.e. ”How” strategy).

The primary focus of the study, carried out by Ko et al. (2006), was to investigate
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Figure 5.8: Frequency of software developer information-related problems -

Sharif et al. (2011)

Figure 5.9: Frequency of software developer information-related problems 2 -

Sharif et al. (2011)
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the mechanisms involved in acquisition of knowledge related to new code. The study

involved 31 Java developers carrying out pre-designed development activity (re-design

of a simplified paint program) over a period of 70 minutes. The user interaction was

recorded using a screen capture software and annotated manually after the study. Ad-

ditionally artificial interruptions were introduced during the 70 minute time interval.

Figure 5.10 illustrates the results of the above process. The results showed that more

than a quarter of entire study time was spend on textual search. Developers were ca-

pable of handling interruption very effectively. As illustrated in figure 5.11 they had

very frequently swapped between searching, navigating and editing and the swapping

process did not introduce significant overheads.

Figure 5.10: Developers’ division of labour - Ko et al. (2006)

What is interesting in the context of this research is the observation that Software

Developers, being the people directly involved in program delivery, used the Internet

much more frequently than the more general group of Software Engineers. They used

the Internet for significantly different purposes as well, including the use of the Internet

not only as a knowledge source, but also as a source of snippets of various complexity

and length, that are re-used in the process of opportunistic programming (Umarji

et al., 2008). This makes this user group and the tasks of software delivery, tests

and debugging, perfect candidates for further investigation. The selection of Software

Developers for further research is not only based on the higher frequency of interaction
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Figure 5.11: Developers’ work breakdown for two different tasks - Ko et al. (2006)
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but also includes:

• The stability of Software Developers’ Information Behaviour: Overall the liter-

ature is quite consistent in terms of the description of the Software Developers’

work tasks. The research focusing around Software Developers’ Information be-

haviour (Buckley et al., 2006; Freund et al., 2005) and the psychology of software

development (Ellis and Haugan, 1997; Janjic et al., 2010) suggested that there

exists a fixed and very limited set of work-related tasks / archetypes of behaviour

that are being carried out systematically. In various user studies (Curtis et al.,

1988; Freund et al., 2005; Gallardo-Valencia and Sim, 2009; Gallardo-Valencia

et al., 2010; King and Griffiths, 1991; Seaman, 2002; Singer et al., 1997) identi-

cal tasks, micro behaviours and their distributions across various stages of the

project were reported. User selection of activities and information needs was very

rational and depended on the project temporary requirements.

• Role characteristics: The literature was also consistent in recognising the fact that

various factors related to tasks and users do have impact on user information be-

haviour. The project role / project stage was one of the most frequently quoted

characteristics of the task which was actually affecting the user performance. The

results also suggest that the stage of the development project was significantly

correlated with the set of software related responsibilities and as a consequence

with the search requirements. The different roles (architectural, code mainte-

nance, code testing and development tasks) required the usage of different data

sources/search strategies. The temporal role of the developer also resulted in the

different use of the captured information. In this context it is really important

to select a single role, as the information requirements are significantly distinct

across them. The code development activity is quite distinctive in terms of infor-

mation requirements from other engineering tasks. What is also very important,

is the fact that the reported software developers’ behaviour across different stages

of the project is consistent. Developers engage in the same tasks but change the

proportion of time devoted to individual activities.

• User characteristics: Similarly the user expertise/maturity was shown to have a

significant impact on the information choices and work-related behaviour. Users
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with significant domain expertise (consultants) focussed on much more abstract

activities than novices. They often did not generate any code-related output.

On the other hand, users with lower expertise were more often engaged in code

delivery and tests and had much higher and quite re-occurring information needs.

• Limited number of development related sub-tasks: The literature very clearly

illustrated that Software Developers were engaged in a very small and clearly de-

fined sets of tasks. The main differences in findings were reported due to different

expertise levels of the selected user groups. The experience of the participants

of the studies mentioned in this review varied from the purely academic (Umarji

et al., 2008) to the significant expertise of software consultants who were not

engaged solely in software development (Umarji et al., 2008). If we focus on the

common denominator of all of the groups, that is software related, software engi-

neering tasks (Figure 5.5), the similarity of the findings and especially of the task

distribution is very high and the quantity of tasks identified is very low.

• High commercial impact of Software Developers’ activity: The existing literature

acknowledges the need for the development of dedicated search utilities but un-

fortunately there exists a very small number of real implementations of domain

specific personalized search or collaborative-filtering solutions (Janjic et al., 2010;

LaToza et al., 2006). Even though a number of code-related search utilities exist,

they were very rarely used due to their low efficiency, perceived reliability and

usability (Sim et al., 1998).

In such an environment, where the information retrieval is executed so frequently

and where the variation of tasks and contextual settings was very limited, software de-

velopers showed a significant potential for the development of very effective information-

related habits / heuristics of behaviour. This, on the other hand, created an opportunity

for the delivery of very effective, domain-specific, information retrieval/recommendation

solutions (Ajzen, 2005).

5.5 Work analysis

In order to focus on the analysis of more specific IR related behaviours further work

analysis has to be carried out. The work analysis has to be focused on the goals of
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the next methodological step: identification of IR behaviours which will be then used

to optimise the user activity. The priority in the behaviour selection and the factor

significantly impacting the analysis process is the amount of time spent on the particular

activity. By focusing on the activities carried out most frequently it is possible to:

• Gain access to a significant sample of behaviours.

• Observe high levels of user ”self-perception” (?).

• Observe habituation or behavioural automaticity (Fishbein and Ajzen, 2009).

• Achieve the highest levels of impact in terms of the observed change in interaction

time and task efficiency.

The work analysis approach could be carried out using existing methodologies (Vi-

cente, 1999) or a custom approach. Usually IS&R adopted a custom approach during

the work analysis. In this research the work analysis was carried out based on the

current understanding of the software developers’ work and HIB. A significant amount

of work was carried out on the psychological and cognitive aspects of software devel-

opment (Détienne and Bott, 2002; Hutchins, 1996; von Mayrhauser, 1995; Xu and Ra-

jlich, 2004). The research in Psychology of Programming (PPIG) (Buckley et al., 2006;

Detienne and Bott, 2001; Hoc, 1990; Weinberg, 1998) and usability contributed signifi-

cantly to the construction of development languages, colouring, naming and formatting

guidelines, as well as the design of utilities supporting this cognitively complex activ-

ity. Modern IDEs significantly decreased the cognitive load required for the software

development process by providing users with multiple tools automating or supporting

the most repeatable tasks. Utilities such as on-demand and in-line documentation re-

trieval with support for obtaining code snippets or the availability of code analysis tools

has contributed significantly to the improvement of the modern development process.

Although significant improvements were made developers still spend a significant pro-

portion of time on searching, retrieving and applying information to solve code specific

problems (Buckley, Exeter and Good 2004).

Similarly in the Information Science domain there exists a vast body of research

focusing on software developers (Case, 2007). When discussing the landscape of IS&R

domain in 1984 Tom Wilson noticed that ”the study of information-seeking behaviour
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Table 5.3: Three points from the spectrum of Web Use intention

can be said to be the study of scientists” (what in the context of IR usually means

engineers). The same is also valid for software developers. The way they interact with

information on a day to day basis is currently widely understood (Ellis and Haugan,

1997; Freund et al., 2005; Gallardo-Valencia and Sim, 2009; Seaman, 2002; Singer et al.,

1997). The rest of this section will focus on various work activity classifications and

the distribution of developer activities.

Brandt et al. (2010a) carried out one of the most representative studies focusing on

the impact of information objects on user IS&R. The discussed research suggested that

the way software developers search for code can be classified on a linear scale depend-

ing on the novelty/intention of the information which was required (Table 5.3). The

position of the information on that scale impacted not only on the way users searched

for code, but also the core search characteristics/behaviours. Table 5.3 illustrates three

example points on three extreme points of the spectrum and provides a brief description

of the observed properties of the search process.

Similar classification was reported by Umarji et al. (2008), who also classified

the web searching behaviour of coders’ based on the same spectrum (code for re-

use/reference example). This study used the size of the code-related content for clas-

sification of user behaviour. The study focused on the investigation of the overall

distribution function of the code-related activities in this two dimensional space. The

results of the investigation are presented in Table 5.4.

Sim et al. (1998) proposed a different approach which focused on the identification

of the key activities in which the engineers were engaged. The activities/ habits were

referred to by the author as ”Archetypes” due to their wide re-occurrence across the
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Table 5.4: Purpose of search by target of the search. Numbers represent the number of

observed search instances classified into the particular category (Umarji et al., 2008)

code searchers population. The questionnaire based user study was carried out on

a group of 67 readers of the technology specific news groups. The identified tasks

were classified based on the search motivation and were reported to span over the

majority of software development activities. The most common search tasks reported

were: defect repair, code re-use, program understanding, feature addition, and impact

analysis. On top of this classification 11 archetypes of software development behaviour

were designed and used for the in-depth analysis of the search process, search behaviour

and the decision-making process.

The discussed research was then further extended to support the variation of de-

velopers’ behaviour or use of archetypes across different stages of the project (Janjic

et al., 2010). The results suggested that most of the specific information, related to

the usage of code, library or framework was reported during the implementation and

testing stages of the project. Other stages of the project involved the retrieval of more

abstract information. It is important to notice that in this example the notion of

Software Developer was used quite arbitrarily. In a significant proportion of projects,

the phases of analysis and design, as well as deployment and maintenance would be

assigned to different engineers in the company. The research shows (Figure 5.12) that

the distribution of roles in the project even further narrows down the variation of tasks

of people responsible for code delivery.

This supports the results from LaToza et al. (2006) which discussed the variation of

the importance of different tasks across different stages of the development life-cycle.

The notion of software developer archetype was also studied in the methodological and
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Figure 5.12: Task Distribution through the project life cycle 2 - Task distribution

across different stages of the development process (Janjic et al., 2010).

organisational domain (Sawyer, 2004).

A very interesting study of information-seeking behaviour of women in IT was car-

ried out by Choo and Marton (2003). The study involved 24 participants from 20

organisations. Study participants were asked to install dedicated software designed to

observe their interaction with search utilities. After a period of automated observation,

the participants were invited for an interview that was designed to extend the under-

standing of the recorded search episodes. One of the key outputs of the study was

the analysis of developer search behaviour across different classes of ”search episodes”

(based on Ellis and Haugan (1997) classification). The results of this analysis are shown

in Figure 5.13. The results reconfirmed the hypothesis that the task/ problem-at-hand

has a non-trivial impact on the search strategy selected by the user.

The research carried out by Buckley et al. (2006) investigated the process of for-

mulation of the search strategy during software maintenance tasks. This qualitative

study involved two professional developers recording their work activities using a voice

recorder for two hours. The analysis of the recordings allowed for formulation of the

model of information-seeking presented in Figure ??.

Software-developer behaviour seems to be consistent with the Principle of Least

Effort (Zipf, 1949). It was shown that developers usually pay minimal effort to find

the most optimal solution and intend to focus on the identification of the working

solution meeting the requirements. In many cases, developers were not interested in
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Figure 5.13: Distribution of information seeking episodes - Choo and Marton

(2003)

Figure 5.14: Model of Programmers’ Information-Seeking Behaviour - Buckley

et al. (2006)
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the understanding of the problem or piece of code that was being implemented, but

only keen to get a working solution (Detienne and Bott, 2001; Kim et al., 2004; Yeh

et al., 2008). As a consequence software engineers often copied the solutions, even

very loosely matching their problem and, ”see what happens”, engaging in the pro-

cess of programming by example/iterative programming (Freund et al., 2005; LaToza

et al., 2006; Philip et al., 2012). Lawrance et al. (2008) argued that programmers who

were seeking for code, behave like information foragers. The study also showed that

programmers spend about 35% of their time navigating source code. They behave

like predators using basic instincts to follow the most promising leads of information

in order to solve clearly defined problems and do not necessarily understand them in

full detail. The ability to search, copy-and-paste and then experiment on the sections

of third party code was very valuable to the programmers because it allowed them

to distribute their cognitive resources across the Internet (Detienne and Bott, 2001;

Détienne and Bott, 2002; Gallardo-Valencia and Sim, 2009; Hoc, 1990; Hollan et al.,

2000; Hutchins, 1996; Weinberg, 1998). Owing to the availability of the on-line re-

sources they frequently ignored the detail of the implementation of simple snippets of

code what allowed them to focus on glueing together bigger sections and modules. The

literature suggested that the extent of the code re-use through copy-and-paste was very

high and reached up to 30% of the code in the solution (Gallardo-Valencia et al., 2010).

The research carried out by Kim et.al identified that the average user performs approx-

imately 16 copy and paste operation per hour (Umarji et al., 2008) out of which 2 are

non-trivial sections of code and all of them carry relevant information. The research

by Umarji et al. (2008) confirmed the findings above. The analysis of the development

search activities showed that more than 73% of search sessions could be classified as

opportunistic attempts. What is even more interesting is the fact that the proportion

of non-trivial copy-and-pastes’ were reported to be quite high and reaching up to 41%.

When the code examples were not available or the problem was more abstract and

required an understanding of the underlying code, developers tended to look for other

sources of highly processed information such as highly specialized discussion forums or

blogs. Even when accessing such resources, the process of code delivery was in most of

the cases similar. It was highly iterative and based on experimentation rather than an

understanding of the problem. A very comprehensive piece of work on software code-
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Table 5.5: Classification of IR utilities based on their goal (Gallardo-Valencia et al., 2010)

cloning practices and their impact on development efficiency and quality was carried

out by Kapser (2009).

The behavioural regularities reported above attracted a lot of interest in the In-

formation Retrieval research community which led to the development of a significant

number of research and commercially-focused search utilities (Gallardo-Valencia et al.,

2010) as illustrated in Table 5.5.

The use of software-focused search and recommendation systems was very limited.

The results suggested that in a majority of cases (87%) the general purpose search

engine was used (Sim et al., 2011). Figure 5.15 clearly demonstrates that even though

developers are aware of dedicated software IR tools such as Source Forge they do not

use them regularly.

Figure 5.15: Search System Preference - The exemplary distribution of preferred

search sources. Left: open question response Right: Closed question response
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5. SOFTWARE DEVELOPERS’ BEHAVIOURAL CONSISTENCY

There are multiple reasons why developers preferred to use a general purpose search

utility:

• There was a high cognitive cost of engaging in a different way of searching and

their limited scope, focusing almost exclusively on raw code. General purpose

search engines allowed the user to search through various types of content starting

from raw code to highly processed specialised articles. Moreover they allowed

the user to change the preferences towards the information objects dynamically

without the need to transfer to a different tool and repeat/ re-create the search

process.

• The general purpose search engines allowed the user to be unspecific. They

employed algorithms such as latent semantic indexing and probabilistic term se-

lection to provide the user with relevant information even if the search phrases

were not accurate or simply incorrect.

• Users had existing experience in the use of general purpose search engines and

were expert in the formulation and reformulation of the search queries to suit

their information needs.

• The majority of content stored by the specialised search utilities were indexed by

the general purpose search engines.

• They employed much stronger relevance-ranking algorithms which provided the

user with much higher accuracy results.

• The need for more complex sections of code, such as classes, methods and groups

of methods, or descriptive information, inevitably led to the use of general purpose

search engines. This is because they offered much higher levels of trust, the ability

to control its behaviour and supported the user in expressing much more complex

thoughts.

Overall the work analysis carried out in this part of the methodology suggested that,

indeed, software developers interacted with information resources in a very consistent

manner. They engaged in a finite number of information-demanding activities and

required a finite number of information-object types on a day to day basis. Their key
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activities were very repetitive and could be frequently described through behavioural

archetypes. Developers were not engaged in a single archetype of behaviour but in

multitasking. The proportion of archetypes varied with the life-cycle of the project

and with the project itself due to high cognitive load and time pressure. The extent

of opportunistic programming also varied along with the problem and the information

object required. As discussed above, there existed a wide range of software-specific IR

tools and developers were aware of their existence. But unfortunately, they were not

using those tools due to their various limitations.

5.6 Identification of behaviours: Behavioural consistency

The results of the work analysis as described in the previous section revealed a number

of consistencies in the software-development related Information Behaviour. However

this did not lead directly to the development of IR systems. In order to proceed

towards the system development of the IR solution, the next step in the proposed

methodology, ”Identification of Behaviours”, was carried out. This section illustrates

how this methodological step was carried out in order to further narrow down the

scope of the study. This was achieved through the minimisation of the number of

variables/behaviours that were under investigation. This section focuses on the identi-

fication of the behaviours based on the following behavioural groups:

• User preferences towards information objects

• User preferences towards interfaces

• IR related behaviours

5.6.1 User preferences towards information objects

The previous section illustrated that even in the very narrow context of software de-

velopment a variety of different information-problems occur. The problem variation

led to varying information needs and changing requirements towards the information

objects. The key information objects identified through the software developers’ ”work

analysis” were as follows:
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1. Software-related textual information: this included a variety of different infor-

mation objects with varying reliability, complexity and level of abstraction. The

user requirements for those objects were dependent on various factors:

(a) The main factor affecting user perception of this information object was the

size/scope of the underlying code structure. Depending on whether the user

searched for blocks of code, subsystems, systems or frameworks the require-

ments for information will changed. This parameter directly correlated with

one of the key attributes of the proposed methodology, that is, the percep-

tion of control. The smaller and more containable is the element, the more

likely it is that the low quality information or information from a less reliable

source (such as blogs, discussion forums and open source sites) will be used.

(b) The more perceived control the user had over the action of selection and

reuse of the identified information object the more likely the object was

embedded in the development solution. This factor also directly correlated

with the extent of social acceptance of the information reuse.

(c) The perception of information also changed along with the reason for the

IS&R. The information was used for multiple purposes including learning,

clarification or in order to remind (i.e. distribute the cognition). Information

objects did not have to be related to any specific development problem but

could be retrieved because of curiosity or strictly for learning purposes. In

such case their use was not directly related to any of the undertaken projects

or tasks.

2. Code examples: these included a variety of different information objects also

ranging in terms of size and complexity. The work analysis revealed that devel-

opers frequently looked for code for reuse. The retrieved code varied depending

on a number of factors similar to the textual information objects:

(a) It varied in terms of the size/scope of the underlying code structures. It

could vary from the block level (spanning across single command and lines

of code) through to the system level often spanning across entire systems

(e.g. SharePoint) or frameworks (e.g. Linux).
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(b) Finally, similarly to the textual information objects the code-related infor-

mation varied in terms of the level of perceived behavioural control. As a

consequence the level of behavioural control directly affected the frequency

of observed code retrieval. It was highly expected that the retrieval of the

block or sub system related code elements were much more frequent than

the retrieval of system level code elements.

The use of code examples was a very important aspect of Software Developer

Information Behaviour. The work analysis carried out in the previous section

illustrated that more than 73% of all IR attempts could be classified in this

category. Moreover the action of reuse of code could be successfully used for

the identification of Implicit Relevance as the engagement in the opportunistic

process, especially through code reorganisation and rebuilding, was an expression

of code relevance. It was highly unlikely that the developer would paste into

the software environment an irrelevant section of code and successfully rebuild it.

Moreover, because of the very well-defined structure of code, it was fairly easy

to identify it in the context of the web page. It was also very easy to classify it

in terms of the technology used, its complexity, availability and size/scope. This

task was even simpler in the context of the development environment.

As a consequence of the above analysis the block and subsystem level textual and

code-related information objects were selected for further analysis with a significant

preference towards code-related information.

5.6.2 IR related behaviours

The work analysis discussed the user interaction with the retrieved information and

focused significantly on the tendency of users to reuse code-related objects in their

software (Brandt et al., 2010a, 2009, 2008; Hartmann et al., 2008; Kapser, 2009; Philip

et al., 2012). Such behaviour was very interesting from the perspective of IR sys-

tem design because it had a high potential for being a very strong implicit-feedback

indicator.

It is important to note that the reuse of code was not a distinct behaviour per

se, but fell into one of many categories depending on the user attitude towards the

behaviour, the rationale for its occurrence and the perception of control over the code
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reuse. As the work analysis illustrated developers engaged in code reuse to achieve the

following goals:

• To distribute their cognitive resources and to use the Internet as an on-line repos-

itory of snippets that were not immediately available in the code at hand. The ex-

tent of this behaviour varied with the size of the information-related need (block,

subsystem or the system) but mainly focused on the block level interactions.

• To engage in opportunistic programming which differed from the above with the

user attitude towards the behaviour. Opportunistic practices did not relate to the

reuse of standard and highly repeatable elements of code but to more abstract and

complex code elements. The opportunistic practice mainly related to block and

subsystem level code because the perception of control decreases as the complexity

of the problem increases.

• To achieve component reuse: This sometimes refered to a deliberate (usually

well considered) decision about the reuse of some other (often third party) open

source or proprietary elements of the environment, but more often referred to

more complex elements of the development process, such as subsystem or system

level components.

The above mentioned behaviours were suitable candidates to be used in implicit-

feedback implementations. They benefited from an ease of detection as the lexical

classification of the search terms based on the key technological phrases was straight-

forward. The research studies suggested that they are very frequently observed and as

a consequence would provide a significant body of behavioural data within a very short

time. The behaviours were highly socially acceptable and the users, especially for the

distribution of cognition and opportunistic behaviours, had a very high perception of

control. The users perceived the behaviour as highly important to their daily activities.

In contrast to the above, the use of the purely textual information was not reported

to be as clear. In reviewing the above studies a significant number of varying behaviours

and activities relating to work involving textual search problem were identified. Across

all search behaviours identified neither had a very high potential to correlate with

relevance nor had a high potential to be used in implicit-feedback implementation.
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The following behaviours were identified that have moderate correlation to information

relevance:

• The direct use of the retrieved information when delivering code. The literature

suggested that frequent attention-changes between the development environment

and the IR system could be an indication of information relevance.

• The estimation of the probability of relevance could also potentially be increased

through the observation of the user interaction with the copied elements of code,

its compilation and debugging.

As a consequence the user code re-use behaviour and the above mentioned short-

listed supporting behaviours were selected for further analysis.

5.6.3 User preferences towards interfaces

The work analysis in the above studies illustrated that, the users were not interested in

the use of specialised search engines. Developers preferred the flexibility and efficiency

of general purpose search engines which additionally allowed them to reduce the level

of cognitive load that would be required by switching between the tools. The relevance

algorithms used by the specialist IR solutions were limited and the overall cognitive

cost of their use was very high, requiring from the user multiple changes to the search

terms. The general purpose search engines offered developers the capability to use

techniques such as LSI or probabilistic term suggestion in order to support their lack

of knowledge.

Apart from the dedicated search utilities the work analysis revealed that there ex-

isted a limited number of search utilities which embedded themselves into the user

development environment. They very rarely offered functionality significantly wider

than the tools embedded into the IDE and because of the time delay they introduced

were hardly competitive. Few systems offered the developer IS&R support for big-

ger information objects (sub-section, section). They were research focused and their

validation and availability was limited.

The analysis of user preferences towards the interfaces carried out in this section

was strongly driven by the selection of information objects and behaviours. As a

consequence the interface analysis focused mainly on the user preference towards the
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code/software related retrieval utilities. Because of the reported frequency of interac-

tion, which was very low for complex system-focused elements the further review focuses

on block and subsystem level interfaces. The literature review showed a significant po-

tential in the use of example-centric development search utilities (i.e. tools that help

the developer to find code examples and effectively embed them in the environment).

A number of existing research attempts were carried out which illustrated various UI

concepts targeting the problem of development by example (Brandt et al., 2010b). The

identification of user preference towards interfaces carried out in this section is focused

strongly on the user attitudes towards their selection. Depending on the size of the

problem the following preferences were identified:

• Block level problems: For the block level problems where the user intention was

focused on the distribution of cognition or reuse of repeatable code the key prefer-

ence was to embed the search utility in the development environment itself. This

was because the users had a higher perception of control and were capable of ex-

pressing the problems more precisely and consistently when working with block

level problems. The micro, block level, search problems, were already addressed

with great success by tools such as ”Microsoft InteliSense”(code auto-completion

and documentation utility, embedded in Visual Studio). Those integrated utilities

allowed users to do quick and very dynamic searches on the system commands

and review the key documentation related to them. A number of solutions ex-

isted (Brandt et al., 2010b) which aimed to build on this paradigm to provide

support for bigger block level information objects. The reviewed solutions were

not focused on the code-related information objects but provide the user with

the textual information only. The existing interfaces aimed to overcome this

limitation, by providing embedded utilities that allow the user to identify the

code-related objects in text and easily embed them in their solution. This was

more complex than the standard copy-and-paste activity. As a result it did not

provide incentive to use the alternative user interface. In contrast to the existing

interfaces the proposed interface focused mainly on the block level search. The

developers were capable of expressing their intent accurately. Additionally the

copy-and-paste behaviour of other developers was known. Therefore it was not

required to use the additional textual information to support developers. They
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were capable of assessing the relevance of the retrieved information based on the

code only. The proposed interface addresses the limitations as discussed above

and is shown in Figure 5.16.

Figure 5.16: Preference Towards UI - The development environment focused user

interface proposal

The proposed user interface needs to be efficient and ubiquitous so that it will

not be distinguishable from the utilities already used. In other words the user

should not know that he is searching the Internet when using the utility. This

will remove the cognitive load from the user which would otherwise be required

during the explicit search process.

• Subsystem and system level problems: The work analysis revealed a need to de-

crease the cognitive load by not providing the user with separate dedicated search

utilities. Moreover it illustrated the catastrophic consequences of low retrieval ac-

curacy which led to the users’ abandoning the systems proposed. Therefore the

natural consequence was to:

– Provide the user with a UI taking advantage of the general purpose search
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engine, for example by introducing a new, code focused facet of the infor-

mation.

– Minimise the negative impact of low relevance estimation on the user per-

ception of the quality of the system. This was achieved by minimising the

cognitive load related to the assessment of the retrieved information as well

as the number of actions that have to be taken to retrieve the code specific

information. The proposed user interface which uses Google Search as an

example (illustrated in Figure 5.17) was not designed to require any specific

interaction from the user. It could embed into any standard Search Page

(by the use of plug-ins). It also uses the same technique for cognition min-

imisation as the ones currently used by many advertisement providers. The

interface embeds the additional content into the key page information in the

regions of the secondary priority by the user (based on the understanding

of user eye movement during search). As a consequence the code-related

information is being-provided to the user all the time while the code-related

problems are being detected and the user can simply ignore the information

if it is of lower quality than expected.

– The proposed user interface has additional advantages as it offers the user

the ability to control it in a consistent manner compared with the general

purpose search engine.

The proposed user interface is focused on the retrieval of complex code-related

information objects and expects the user not be able to recognise the relevant

content immediately or solely based on a single facet of information. It offers the

user multiple representations of the information as well as the ability to ”scent”

(Lawrance et al., 2008, 2010; Piorkowski et al., 2012b; Pirolli and Card, 1999) the

information by clicking on the link provided.

This section discussed a systematic methodology to shortlist the information ob-

jects, IR-related behaviours and user interfaces (see Table 5.6).

This step was essential for the further narrowing down of the scope of work. The

next section of this chapter focuses on the next step of the proposed ’Integrated Frame-

work for HIB in-situ”, that aims to identify the user attitudes and subjective norms
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Figure 5.17: Preference Towards UI - General purpose search engine focused user

interface proposal

Table 5.6: Identified behaviours, preferences towards information objects and user inter-

face.
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driving the shortlisted behaviour. It also attempts to further understand the extent of

behavioural control over the shortlisted behaviours.

5.7 Behavioural analysis

This section discusses the next step of the proposed methodology which is the ”Be-

havioural Analysis”.

The behavioural analysis was exampled by User Study 2. User Study 2 focused

strongly on the three core elements of the proposed ”Integrated Framework for HIB in-

situ” including: attitudes towards the behaviour, subjective norms and the perception

of behaviour control.

The aim of User Study 2 was threefold:

• To cross-validate the results obtained from the literature review.

• To ensure that the behaviours identified, in the previous methodological step will

be observed with the sufficient frequency during the further analysis.

• To confirm that users perceive them as characteristic and re-occurring throughout

the Information Interaction process.

Finally the goal of User Study 2 was to highlight the key factors that could moderate

the observed behaviour so that they could be shortlisted for the analysis in the final

step of the proposed methodology.

5.7.1 Procedure

The study consisted of two parts:

• A questionnaire that was emailed to the employees of the collaborating company.

The questionnaire consisted of five open ended questions that asked for various

aspects of user information needs, information behaviour and information use.

The questions provided users with a number of selection options but also allowed

for open answers which were highly encouraged.
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• An interview that took place over multiple lunch times at the collaborating com-

pany by video conference. The goal of the interview was to gain additional under-

standing of the questionnaire results and gain knowledge about the geographical

distribution of user work and the impact it has on their work patterns and In-

ternet use. Additionally the interview focused on gathering real life examples

of work-related Internet use, the associated information needs and the measures

taken to satisfy them.

5.7.2 Instruments and materials

There were two main research instruments used in the study:

• A questionnaire that was distributed to the participants over the email.

• An interview question list that was used by the person conducting the interview

to control the discussion and also take notes of user responses. The interview was

recorded exclusively for the note taking purpose.

5.7.3 Data collection

The questionnaire consisted of two types of questions:

• Questions regarding the frequency of behaviours and interactions as well as their

context:

– Users provided qualitative information regarding data usage and perceived

frequency

– Users provided their comments on the context of information usage which

were analysed. The context of information interaction included the informa-

tion location, the task during which the interaction usually takes place and

the conditions when it does not take place. In some cases the comments of

the users affected the normalisation process of the qualitative information.

• Questions regarding the types of behaviour, information needs or information

responses:

– Close ended responses: allowed for collection of information regarding the

shortlisted behaviours
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Table 5.7: User Study 2 population demographics

– Open ended responses and comments: allowed the understanding of further

the conditions of IR and the identification of other frequent behaviours not

identified in the initial review. The results of the interview were analysed

qualitatively on a question to question basis.

5.7.4 Experimental population

Table 5.7 summarises the key characteristics of the population of User Study 2.

5.8 Identification of moderating-factors

The investigation of the moderating-factors and their impact on the observed decision-

making is the key element of this research. This study, User Study 3, supports the final

step of the proposed methodology. The goal of User Study 3 is to identify how the

shortlisted behaviours change along with the moderating-factors. The study focuses on

the key factors identified in User Study 2 including:

• User context: understood as a re-occurring user specific combination of geograph-

ical location and time
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• User task: understood as re-occurring observations of the domain interaction

• Type and size of information objects required

• The overall complexity of the problem

• The project with which the user is engaging and its age

User Study 3 also revisits the discussion related to human overall information con-

sistency addressed in User Study 1. The analysis of HIB consistency is carried out in

the context of software development. User Study 3 attempts to revalidate the initial

observation regarding the distribution of human behaviour across the listed moderating-

factors. It also focuses significantly on the overall consistency of user micro, session level

and macro behaviour, further supporting the initial assumptions of human consistency

and rationality.

In contrast to previous two studies, User Study 3 is significantly more quantitative.

It consists of a long term automated analysis of developers’ interaction with information

resources. User interaction with the browser, the development environment and the

operating system are captured by the experimental software and the results are based

on the numerical analysis of this data.

User Study 3 concludes the methodological process outlined in the previous chapter

by:

• Supporting the thesis of Developer Information Behaviour consistency

• Supporting the selection of the identified behaviours for the development of IR

systems and identifying moderating-factors affecting their efficiency

5.8.1 Procedure

The experiment was composed of two stages:

• Questionnaire: The goal of the questionnaire was two-fold:

– First of all, to determine the participants’ suitability for the experiment.

This step is essential due to the limitations of the experimental software

which was capable of observing only a limited number of browsers and de-

velopment environments. The selection of participants had to be based on
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the users’ choice of development tools, browser and pattern of work, as well

as basic aspects of the user profile.

– The secondary goal of a questionnaire was to determine the basic character-

istics of the user population (such as technology experience, etc).

• Automatic observation of behaviour: During the second stage, the installed soft-

ware captured user behaviour without the need for user intervention (unless a new

environment is created or installation is needed or an update to the software is

necessary). The data captured by the software was being stored on participants’

machines and when Internet connection was available it was transported over the

secure channel to the university server.

The process of installation, questionnaire distribution and collection was spread

throughout a significant time span and each participant was also approached individ-

ually to minimise the impact on the projects carried out by the company. Therefore

once a particular employee expressed his interest in the participation in the experiment

he was approached individually, usually during lunch time and asked to fill out the

questionnaire. Once the questionnaire was filled out, it was immediately assessed in

terms of the participant’s suitability, and if the participant was suitable the software

was installed on all of his development environments.

One of the key concerns of the study was the extensive use of virtual and remote

environments and their often rapid rotation. It is not unusual for the developers to have

more than one development environment, each dedicated to a particular project, tech-

nology or customer. Each of those environments is usually absolutely isolated from one

another using the virtualisation technology, each one having its own operating system

and development tools. It was essential therefore to ensure that the user migration to a

different development environment is both visible and is managed accordingly. To make

sure that the process of migration is not obstructive to the user from the experimental

perspective, every participant was provided with his own version of the installation file

that already had the user credentials preconfigured. The package was delivered as a

”One Click” installation and it was sufficient to provide the users with the URL of the

installation file that had to be clicked in order to deploy the experimental software.

To ensure that the migration of the user is not unnoticed, the ”SQL Reporting

Services” were deployed on the experimental server and appropriate reports of user
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activity were available on demand. This allowed for the identification of time intervals

when the development process was not being observed by the software which led to

communication with the particular participant who was then prompted to have the

software installed.

Once the experiment was over the software was removed manually using the control

panel.

5.8.2 Instruments and materials

The user study 3 took advantage of two types of materials:

• Questionnaire and associated documentation: The questionnaire consisted of a

number of close ended tasks aiming to identify user eligibility for participation in

the study.

• Automated monitoring software: The software was embedded into the key pro-

grams that the user used in the workplace and carried out an automated obser-

vation of his interaction. The software did not have any user interfaces (apart

from the credential and tracing screens not normally accessible by the users) and

did not require any user interaction.

5.8.3 Data collection

The experimental software was composed of multiple components that focused on var-

ious forms of user information interaction. The observed interactions of the user can

be classified based on the monitored program:

The raw information listed above was initially stored on the local micro database

that was installed along with the experimental software. When there was sufficient

observations gathered and when the Internet connection was available and not signifi-

cantly loaded, the bulk reports were send to the appropriate user server over a secure

channel. After the data regarding user activity was saved on the server a dedicated

server process would trigger and monitor the URLs of the reported pages. The con-

tent of the Internet pages was then downloaded. It is important to notice that the

experimental software did not capture the content of the pages on the user machines,

the keyboard entry of the users, exact mouse movement, clicks, and session or cookie
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Table 5.8: The data captured by the experimental software in User Study 3

information. As a consequence the input of the forms filled by the users remained

anonymous and the system did not have access to the sensitive information. Similarly,

since the crawling of the web was done outside of the network, the user, company

or customer internal information was not accessible. The crawler indexed the public

content only.

Once on the server the data was being extracted from the database using the dedi-

cated SQL queries and exported to several different formats depending on the goal of

the further analysis.

• A series of files was created to enable the consumption of the captured data by

the TMG toolbox for Matlab. This step also included implementation of custom

Matlab routines that allowed for consumption of behavioural data.

• The data was also exported as a number of processed CSV tables that were further

consumed by excel and PASW for basic statistical reporting.

• A number of data transformation scripts were created to allow for session level

analysis and consumption of information in a format required by an Excel exten-

sion for Graph analysis carried out with NodeXL.
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Overall a significant number of data aggregates were calculated based on the data

including:

• Interaction session information: based on the GUIDs assigned to particular pages

could be captured. This information focussed mainly on session characteristics

such as session shape, size and classification and session average reading time.

• Development tool interaction

• OS interaction

• User characteristics: extracted from the questionnaire

• Finally a number of data aggregates were created based on:

– Domain of the content viewed

– Work / private activities (manual annotation)

– Classification of software development work-related activities

– Time

– Visual studio solution and project

5.8.4 Experimental population

Overall 21 users have responded to the advertising email and 12 were found eligible to

participate in the study. Since the selection of the participants was carried out based

on the same developer population as in User Study 2 the population has the same skews

and identical characteristics.

5.9 Conclusions

This chapter discusses how the proposed methodology was applied in this research.

It discusses all of the methodological steps and how they were applied in this study.

The chapter describes how the key decisions of the study were made, regarding the

selection of the population, work and search task as well as the selection of the key

behaviours used for further analysis. The chapter also introduces User Studies 1, 2

and 3. It discusses the role they play in this study, the part they play in the proposed

methodology and how they support the behavioural analysis process.
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Overall this chapter demonstrates how the proposed ”Integrated Framework for

HIB in-situ” can be applied to the real life problem. It discusses the process end to

end, illustrates how the steps of the process can be designed and what should be the

expected outcome. In the context of this research the chapter demonstrates:

• The methodology for experimental assessment of general HIB consistency

• How the initial population, work and search task was selected: in this case short-

listing the development related problems of software engineers. Moreover, it

demonstrates how this selection can be supported by evidence, justified and ini-

tially assessed in terms of further work feasibility.

• How the work analysis of the particular user group targeted at a particular task

was carried out. The work analysis focuses on the key types of behaviours: pref-

erences towards information objects, preferences towards interfaces and other

behaviours supporting design of IR systems.

• How the final behavioural selection can be systematically carried and what level

of justification can be expected.

• How the behavioural analysis can be performed investigating the perception of

control, attitudes and subjective norms.

• How the variability of the identified behaviours can be systematically measured

using the results of the analysis. Additionally, how the knowledge of variability

can be used to control the behaviour of the proposed IR systems.

The following chapter will discuss the results of User Studies 1, 2 and 3 supporting

the discussion carried out in this chapter with empirical evidence.
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Chapter 5: Summary

Human behavioural consistency is a necessary condition for the application of the ”In-

tegrated Framework for HIB in-situ”.

The existence and nature of HIB consistency is verified through User Study 1. User

Study 1 investigates the consistency of the parameters of the General Black Box Model

(Perception of environment, Perception of task, User State and Human Information

Behaviour) and the extent to which information-related habits are developed during

IS&R.

User Study 1 involves 12 participants and consists of an opening and closing interview

as well as a diary study.

The proposed methodology (”Integrated Framework for HIB in-situ”) is applied to the

information problem of software engineer information behaviour.

The way particular activities of the proposed methodology are carried out is described.

This includes Actor/Work/Task analysis, identification of the key behaviours, be-

havioural analysis and identification of moderating-factors affecting the selected be-

haviours.

The review shortlisted work-related software developer activity for further analysis.

Further work analysis led to the identification of the key behaviours that are considered

for further analysis (see Table 5.6).

In the context of the shortlisted behaviours the design of User Studies 2 and 3 is ex-

plained. User Study 2 directly addresses the Behavioural Analysis step of the proposed

methodology. User Study 3 addresses the final step of the proposed methodology:

Identification of moderating-factors.

The results of User Studies 1, 2 and 3 along with the result interpretation are presented

in the next chapter.

Table 5.9: Summary of chapter 5
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Results

6.1 Introduction

The previous chapter discussed how the proposed ”Integrated Framework for HIB in-

situ” was applied to the selected population of Software Developers. The previous

chapter opened with the description of User Study 1, designed to investigate the prob-

lem of overall HIB consistency. It then continued through the steps of the proposed

framework, supporting the key decisions of the research with literature review and in-

troduced User Studies 2 and 3. It discussed the design of User Study 2 supporting the

behavioural analysis step of the framework and concluded with the description of the

design of User Study 3 supporting the final step of moderating-factor analysis.

This chapter discusses the result of above mentioned user studies. The further

sections are focused directly on User Studies 1 to 3 and correspond directly to the key

research questions that are:

• When and to what extent HIB is consistent ?(User Study 1)

• How the design of user interfaces, implicit-feedback algorithms and personalised

IR solutions can take advantage of the consistent episodes of information inter-

action.

– Is it possible to effectively identify the consistent behaviours? (User Study

2)

– Is it possible to effectively identify the factors affecting the consistency and

control the level of predictive validity? (User Study 3)
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6.2 Overall HIB Consistency

User Study 1 was designed to investigate the extent to which humans are consistent

when interacting with information resources. This section focuses on the results of User

Study 1 which illustrate the extent of HIB consistency and the factors affecting it. The

analysis of results is divided into two sections:

• The discussion of the overall HIB consistency in the light of the Black Box Model.

The analysis is focused on the Black Box Model input and output parameters and

aims to prove that:

– Humans tend to choose reoccurring/consistent locations /contexts /environ-

ments when interacting with information.

– Human interaction with information is strongly task driven and the task

distribution is very consistent in time, space and across similar user popu-

lations.

– The consistent distribution of tasks drives users to interact with information

across reoccurring/consistent moments in time.

– When working on reoccurring tasks in consistent locations and at the same

points of time, user HIB is more consistent than the total HIB.

• The investigation of the tendency of users to develop habits/automate their be-

haviour when interacting with information.

6.2.1 HIB Consistency

6.2.1.1 Location Consistency

The perception of the environment is one of the key components of the discussed Black

Box model of HIB. It shapes the way we perceive the world and it drives the way we

interpret our activities and prioritise the required information. The location of the

users when interacting with information was captured during the first two stages of the

User Study 1:

• The opening interview: The users were provided a map and asked to pinpoint the

key locations where they use IR systems. The map was then further attached to
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the diary itself. The goal of this exercise was mainly to get a general overview

of the geographical distribution of user work and to gain a commitment from the

users to describe all of the places where interaction takes place rather than where

it was the most comfortable to get the diaries filled.

• The diary study: Each entry in the diary required from the user a selection of

one of the locations previously identified during the interviews, or a description

of the new location.

The results from the diaries and the interviews were merged together to gain an

understanding of time and location distribution for particular tasks. Table 6.1 provides

an overview of the location distribution captured in User Study 1. A big proportion of

the locations reported in the interviews related to sporadic interactions which occurred

very infrequently and as a consequence were not representative. Only the locations

where the average observed, or self-reported interaction frequency was higher than

seven times a week, were further analysed.

At early stages of the experiment it was noticed that because of the size and weight of

the computer hardware users tend to be quite mobile within the locations of interaction.

Experiment users tended to use the IR solutions in more than one place within their

homes and in more than one place in their work places. It was clear that the selection

of location was purposeful and that it should be introduced in the further analysis.

The values in Table 6.1 demonstrate that the majority of the user’s everyday activ-

ities were carried out in the same locations. The variation of location is marginal and

occurs mainly for low frequency tasks and information activities. When assessing the

activities in the diary the users were also asked to quantify the frequency with which

they carry out the reported activity, if it was reoccurring. The reported activities were

then grouped by the places of interaction. Every section of a bar in Figure 6.1 illus-

trates the frequency (times/week) of a certain activity carried out in a single place of

interaction.

The data presented in Figure 6.1 reveals a number of properties of user IS&R

location distribution:

• It illustrates that only a marginal number of tasks are carried out with high

frequency and that they are carried out very systematically at the same locations.
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Table 6.1: The number of geographical locations, and places within those locations where

participants interacted with information

Figure 6.1: Interaction location frequencies - User task location frequency distribu-

tion
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• It illustrates that the distribution of location selection frequency is highly non-

uniform. The frequency of activities is not the same but a very small number

of activities and locations dominate, with the frequency distribution resembling

exponential distribution.

• It illustrates individual differences in the overall frequency of interaction with IR

tools and the distribution of frequency of interaction.

The above observations are also very consistent with the information provided ex-

plicitly by the participants throughout the interview part of the study. Neither of the

participants had any doubts when pointing out the places where IR occurs and their

self-reported location distribution was consistent with the information reported in the

diary part of the study. Participants also found it easy to quantify the average amount

of time they spend in various locations using the IR utilities. The participants were

also very effective in classifying the locations as routine or occasional and in a majority

of cases were very proactive in making this distinction.

In contrast to the above, the rationale for selecting a location and engaging in the

task at a certain place is reported to be much more complex. The decision about

location selection is made based on a number of task, context and personal factors as

identified in the following examples:

• Participant 1 reported leaving the laptop at home if on an engaging lecture or if

there are no substantial breaks during the day. The laptop would be taken to the

university and the Internet accessed for:

– ”Boring classes” - but only for activities not requiring a lot of attention such

as Facebook,

– Group work - and in that case the work is highly task driven,

– Breaks in between classes - which are longer than an hour.

• Participant 3 reported an attachment to the usual place of work with only two

very carefully selected locations where search activities could take place. The

presence of the private space, private set-up and accessories is the primary factor

affecting the selection of work location.
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• Participant 4 was highly flexible and adjusted to the requirements of the task.

This participant was able to carry out primary activity regardless of the cir-

cumstances although preferred certain places over other others for some of the

activities.

• Participant 5 primarily valued the presence of other people and as a consequence

would select locations where companionship could be found. This participant

isolated himself only when engaged in last minute preparations for exams.

Similarly a variation between the participants’ location choices was reported. Par-

ticipant 3 reported that the ”majority of search was done at home or at work”. In

the case of this participant the laptops would not be even moved from the usual place

of interaction. All other interactions were reported to be sporadic, usually music and

news focused, and carried out when visiting friends and family. To contrast that, some

of the participants reported high flexibility in terms of the distribution of Internet use,

reporting frequent movement and changes to work style across diferent locations (users

would use a veriety of devices, interupt the primary activity do diferent extent, use

diferent comunication resources, etc.). Participant 4, for example, reported having a

very structured approach to the use of the Internet across multiple locations. She iden-

tified 5 main tasks that were being carried out at diferent locations, including work;

university; university library; private room in the shared house and the common room.

Participant 4 was very consistent in terms of task distribution and individual activities

were always carried out in the same locations. In contrast to this Participants 6,8 and 9

reported a number of locations where they carry out all forms of search activity (private

and work-related).

Overall, the participants clearly demonstrated, that the decision about the search

location is not accidental. It is primarily task driven, but factors such as: perception

of comfort; personal ability to concentrate; availability of miscellaneous resources (such

as a TV set, printer, books, speakers, sofas); or simply other people, had frequently a

decisive impact on the location selection.

The results also illustrated differences between the participants not only in the type

of location,number of locations and frequency of use, but what is more important, the

reasons why they chose them.
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6.2.1.2 Time Consistency

The User Study 1 focused on the consistency and time distribution of user Internet

activity. The primary interest at this stage was to understand the extent to which

people carry out the same tasks at the same time consistently, how this distribution

varies with time and task and what are the diferences in time distributions between

participants of the study.

User Study 1 was composed of an interview stage and a diary study, both recoding

the time related information. Since the data was captured in a diferent way during

those two stages the analysis of this information is done seperately.

During the interview participants were presented with a weekly view of the calendar.

The calendar was used durign the conversation to create a detailed record of user weekly

interaction. It helped the users to focus on their habits, repeatable tasks and their

motives for the reoccurring engagement.

The interviews revealed that users have a very strict time routine which was driven

by their task and location distribution. This user focus on the task at hand and

functional aspects of interaction was reflected in the way participants responded to

the question about the time when they usually interacted with the Internet. None

of the participants, when asked the question about the time of interaction replied

directly by providing the time estimates. Instead, all of the participants had a tendency

to disassemble their work pattern into functional chunks and describe them based

on the properties of assignments and the requirements of the contexts of interaction.

To illustrate the above mentioned phenomena, the data analysis of User 1 behaviour

is shown below. It is then followed by additional aggregate information analysis to

underline the common trends observed across all of the participants as well as the key

differences between them.

In answering the question about interaction with IR tools, User 1 divided the work-

ing week into the following five classes of interaction which diretly mapped to the

following location selection:

• T1 Internet use during the university classes: ”But only if the class is boring

and if it is not the last class of the day after which I go home”.
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• T2 - Internet use in the university studio rooms: ”Every two weeks when there is

group” and T3 - ”during the longer breaks between classes as it makes no sense

to go home because of the distance”.

• T4 - Internet use at home in the bedroom: ”Exclusively when there is university

work to be done”

• T5 - Internet use at home in the common room: ”During meals or when doing

something for pleasure”

Figure 6.2 shows a histogram of User 1 daily-activities throughout the week as

captured during the interview. Every bin in the histogram represents a single hour

within the week starting from Sunday.

Figure 6.2: Calendar based User 1 activity time distribution -

This is a reoccurring trend in that none of the participants was capable of answering

the question of IR interaction without analysing their task and location distribution.

The user time distribution is task and context dependent. It means that the overall

time distribution of Internet activities should be a combination of the independent

random variables associated to those tasks, forming a mixed probability model of time

distribution.

In order to verify the above, a more detailed analysis of user-activity distribution had

to be performed. The data illustrated in Figure 6.2 could not be used for distribution

analysis because the probability of a task occurring in the hourly time slot was not

equal for all of the tasks but varied considerably. Because of that reason, the users

were also asked to provide an estimate of task frequency, if it was reported to be
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reoccurring. Since every task reported in the calendar was had a different frequency,

every occurrence of that task was multiplied by the self-reported frequency measure,

producing the time distribution presented in Figure 6.3.

Figure 6.3: Calendar based User 1 activity time based distribution normalised

based on task frequency -

Figure 6.3 clearly illustrates that there exists a certain finite number of tasks that

will have a dominating effect on the overall mixed-model and clearly shows the marginal

impact of side tasks on the distribution of user time interaction. This relationship is a

characteristic of all the users of the study(Figure 6.1) even though the variations be-

tween the users in terms of the locations and the time distribution itself are substantial.

The observations above were further supported by the data collected in the diary

study. Every diary entry was processed and the information about its start time and

duration was extracted and merged with the interview based information. The infor-

mation regarding the re-occurrence of the diary entries was not used. An attempt was

made to identify the deviation of diary data from the interview data. The results of

the analysis show an overlap between the data captured in the diaries and the self-

reported distribution captured during the interview. Not a single deviation from the

self-reported pattern was observed in the diaries. This is not a surprise as the users

deliberately introduced an error margin into the information reported verbally during

the interview. Regardless of the above this illustrates high levels of users’ self-awareness

and consistency between the behavioural attitudes (self-reported time distribution) and

the actual behaviour (data captured in the diary study).

The overall shape of the time distribution obtained from the interviews was com-

pared with the diary study. Figure 6.4 illustrates the analysis of IS&R time distribution
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of all participants gathered through the diary study and the interviews. The analysis

of the histograms showed individual differences not only in the magnitudes of the his-

tograms and their location but also in terms of the mixed-model itself. The histograms

also supported the hypothesised mixed-model nature of user time distribution.

Figure 6.4: User Study 1 time distribution of all users - Histogram of User Study

1 participants’ IS&R time distribution

This pattern reoccurs across the entire participant population and this is shown

in Figure 6.5. Figure 6.5 illustrates the normalised data-aggregate histogram which

highlights the impact of work and non-work tasks on the user interaction distribution.

The histogram clearly illustrates a division of the time distribution into two phases of

interaction:

• The first: occurring during the first parts of the day (not necessarily in the

morning) and

• The second: being in the later stages of the day or night.

Further analysis of the histogram (Figure 6.6) showed that a mixed-model based on

two normal distributions (ω0 = .62, µ0 = 10.85, σ0 = 7.24, ω1 = .38, µ1 = 18.32, σ1 =
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Figure 6.5: Normalised user-activity distribution -

Figure 6.6: Bimodal nature of user-activity time distribution - Figure presents

a histogram of the cumulative activity time distribution along with the approximation of

two normal curves of the bimodal distribution.
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3.41) could be created and that differences between the two normal components were

statistically significant (z=2.32,p=.01).

Of particular importance was the fact that the diary study provided the same time

/ location task distribution as the interview where self-reported data was collected.

This indicated that there was not only consistency in user activities but also that users

were aware of it. Moreover, this suggested that such stabilisation was deliberate and

that the users actively attempted to achieve it.

The above was supported by the verbal response gathered through the interview

session which asked the question about the rationale for choosing the particular lo-

cation. In all of the cases participants were able to clearly and easily support their

selection with an argument, for example:

• User 1

– Use of the Internet during classes: ’The computer keeps me awake when

tired, bored or if it is early in the morning.’

– Group work in the university during the afternoons: ”When there is a group

work then it is used for group work, once per session it is email facebook or

cars.”

– Work in the bedroom: working there because of the space, comfort and

privacy. ”Highly dependent on the coursework and changes with the task.

Really depends on what has to be done. A lot of research on the topic and

then implementation. Using primarily sketching and drawing sites as well

as TopSpeed.COM or flynews”

– Work in the common room in the house: ’Because it is the most comfortable

available place’

• User 4

– Work in the library during the day: ”Distance to home is big and I go there

between the classes. In this place it is easy to focus and I try to do as much

work as possible then as I need to go to work after classes.”

– Working in the library in the evening and over weekends: ”It is easy to focus

and there are books and printers there.”
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– Working in the library for group meetings: ”Close to the main building and

space and resources available. Other places are chosen only when all of the

rooms are booked.”

– Working in the kitchen: ”This is a comfortable place but only for assign-

ments. Sometimes I need to leave as people want to cook there.”

– Working in the bedroom: ”I work there only if I cannot work in the kitchen

or the living room.”

This shows that even though the decision-making process was usually quite complex

and based on highly subjective and often emotional factors the responses of the user

and their time distribution was very logical and as a consequence consistent.

6.2.1.3 Consistency of other moderating-factors

During the diary study participants were asked to subjectively assess 8 factors poten-

tially impacting their IS&R behaviour (listed in Table 6.2). These factors focus on the

key psychological moderating-variables associated with the current task. The goal of

this analysis was to identify to what extent the moderating-variables changed across

different tasks and geographical locations and to compare the extent of this variation

with the variation on a per-user basis. The calculation of the Coefficient of Variance at

per user and per population level requires the division of the standard deviation of the

population, by the mean. The calculation of contextualized coefficient of variance was

based on the oversimplified definition of context, which for the purpose of this analysis

was defined as:

”a user-specific combination of geographical location and task classifi-

cation”.

As a consequence, all tasks that were classified by the user in the same way and were

carried out in the same geographical location, were assigned to the same ”Context”.

Following the observations related to the user-activity distribution and observation of

its bi-modality, the task classification used by the users in the diary study was based

on one of the key factors affecting user performance. Users were asked in the study

to classify the task as being either related to: work/university, pleasure or personal

activity.
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Table 6.2: The Coefficient of Variation of different moderating-factors measured for dif-

ferent task types and overall for the task classification used

Additionally the classification by Kellar et al. (2007), was used to observe the impact

of finer granularity of task classification on behavioural variation. The classification

is based on 4 distinct task types: fact-finding, information-gathering, browsing, and

transactions.

Table 6.2 and Table 6.3 present the results of the data analysis. The results show

that even when using the oversimplified definition of context (exclusively based on

user, simple task classification and location) the variation of the moderating-factors

has decreased. The biggest differences (Table 6.3) observed were the overall stress level

associated to the particular context and the difficulty of formulating the search query.

Overall, across the entire population, the stress level had a coefficient of variation

of 72.58%. Just by grouping the data by the ”Context” factor defined above, this

coefficient dropped to 10.65%. Further introduction of the task classification based on

Kellar et al. (2007) decreased the coefficient of variation to 7.1%.

Overall, the contextualisation of the experiment by the stratification of data, based

on user location, and two types of task classification, led to a decrease of variability

of the moderating-factors, as expected by the model. The decrease of moderating-

factor variability was high in the case of all of the moderating-factors demonstrating

the stability of user environments. The above results illustrate the stability of the user

state in consistent environments.
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Table 6.3: The Coefficient of Variation of different moderating-factors for task type

classification based on Kellar et al. (2007)

This is very consistent with the observation made in the previous section of this

chapter, pointing out the logical nature of the process of work place and work time selec-

tion. The above supported the observation that even though people do make decisions

based on a number of factors which are difficult to quantify, in similar situations, they

are making consistent and logical decisions following the same reasoning process. This

is consistent with the assumptions of the proposed approach, as well as the assump-

tions of ethnomethodological approaches. The application of the ethnomethodological

method for IR system development is then feasible, as long as one can justify the sta-

bility of the key moderating-factors responsible for behavioural variance (e.g. what

should be possible using the proposed methodology).

6.2.1.4 Task Frequency Distribution

Participants of User Study 1 reported a limited and fixed amount of problems that

were very frequently reappearing in their everyday life. During the diary study the

participants were asked to specify when they performed a particular reported task,

how frequently this task was performed, and finally when, approximately, did they

carry out this task for the first time. The data from the interview was not used in this

analysis, as it was self-selected, and only the most repeatable tasks were reported by
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the participants, skewing the results in favour of repeatable interactions.

The data from the diary study was processed and all the tasks were grouped into

three categories as illustrated in Figure 6.7. The results show that more than 49% of all

interactions reported in the diary study were repeatable, which meant that participants

declared that they had performed them frequently throughout the previous weeks and

months.

Figure 6.7: The classification of diary entries based on their repeatability -

Those observations were consistent with the general psychological research of habit

development and automatic behaviour development. The results were also similar to

the results reported by Wood et al. (2002). They had observed that not only were

about 45% of reported activities highly repeatable, but also they were repeated in the

same contexts and locations, which is consistent with the observations reported in this

research.

6.2.1.5 Consistency of Repeatable Tasks

User Study 1 required the user to describe the task that is carried out, but also to

assess whether it was a recurring task and if so when was the first time and what was

the frequency. This information was used to classify the tasks as either being habitual

or not based on the definition of habituation by Ouellette and Wood (1998); Wood

et al. (2002)).

Based on that classification a frequency distribution of habitual behaviours was

created (Figure 6.8). The analysis of the histogram of frequencies of habitual behaviours
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resembles a Log-Normal (Galton’s) distribution (Figure 6.8).

Figure 6.8: Habitual-behaviour frequency distribution function - Figure illus-

trates the log-normal nature of frequency distribution of habitual-behaviours

Further analysis using the descriptive statistics in a logarithmic domain confirms

this initial observation (Figure 6.9).

Figure 6.9: Habitual-behaviour frequency distribution function part 2 - His-

togram of the habitual-behaviour frequency distribution function on a logarithmic scale

The Kolmogorov-Smirnov test of normality conducted in the logarithmic domain

returned a very high value of p=.915 and so the assumption of normality (i.e. logarith-

mic)of the data cannot be rejected.
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The analysis of the interaction frequency distribution, of both habitual and non-

habitual behaviours on the exponential, scale is presented in Figure 6.10. One can

observe a gap between the peak at 0 and the next peak at value 1. All of the interactions

that fall into that region were classified in this study as single time / not repeatable

interactions and are all equal to 0. The interactions between 1 and 15.2 were classified

as non-habitual as they did not meet the criteria of habituation as outlined in 2002 by

Wood et al. (i.e. they did not meet the requirements for stability).

Figure 6.10: Distribution of interaction frequency on the exponential scale -

Figure 6.10 clearly illustrates the log normal distribution of interaction frequency.

The results show that the Internet users developed a finite amount of frequent interac-

tions that can be classified as habitual and that the quantity of interactions and their

frequency was stable in time and followed a log-normal distribution.

In other words, and this was also supported by the qualitative information, the

results of the study illustrate that the users engaged in a fairly small amount of very

repeatable behaviours. The frequency of the secondary and tertiary tasks decreased

exponentially. From the perspective of this research, and so from the perspective of
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the problem of consistency of HIB, those tasks were perfect candidates for further

behavioural analysis as they were not only very frequent, but are distributed across a

limited number of locations and are themselves very limited in numbers.

This observation is also very apparent in the qualitative data. User Study 1 users

were very efficient in identifying and describing their primary tasks but had issues de-

scribing the secondary and tertiary tasks frequently explicitly and proactively dismiss-

ing their importance. The diary calendar view and the map view (see Appendices) was

used to encourage participants to describe their sporadic work and enforce good task

coverage. Participants did not feel comfortable describing those activities and when

describing their work they were very clear about their unique, sporadic and abnormal

nature.

A good example would be the analysis of the Internet use on mobile devices, which

was encouraged at the end of the interview. When participants were asked about the

goal, location and time distribution of this interaction few, if any of the participants

could quantify it (note: the sample did not include any people working professionally

with the mobile Internet) referring to the interaction as:

• being carried out ”randomly, when there is a need for some information on the

move”

• having: ”almost no rules, maybe twice a month”

• happening: ”almost never, every couple of days”

During the interviews, participants were able to recall exclusively the behaviours

that, using the classification Wood et al. (2002), would be considered as habitual. Lower

frequency activities were not described by the users and were captured only during the

diary study.

What was also very interesting was the fact that frequently, sporadic and ad-hoc

tasks were interrupted by the high frequency tasks and vice-versa. According to the

participants only the highest concentration tasks or tasks carried out in very controlled

environments were not interrupted. This has an implication on the personalised and

contextualised IR system design as it blurs the notion of the current information need.
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6.2.2 Habituation of Information Behaviour

Following the approach reported by Wood et al. (2002) the presence of habitual and

automatic behaviour was investigated in the data captured in the diary studies. To

allow for further comparison of the results of the current user study with the results

obtained by Wood, Quinn, and Kashy the data was pre-processed in order to carry out

the same statistical analysis.

It is important to notice that a big proportion of entries reported by the partic-

ipants (i.e. 41.9%) met the outlined criteria for habituation. Moreover almost all of

the interactions marked by the participants as repeatable met the higher criteria for

habituation (i.e. 7.1% difference). This meant that interactions of high frequency were

reported to also have a very high geographical stability and their execution rarely oc-

curred in a different location. The average rating of context stability on a scale from 1

to 3 for the entire set of habitual behaviours was equal to M=1.98, SD=.34 which is a

very high value, considering the richness of user information interaction.

Table 6.4 shows a comparison of our results with the results obtained by Wood

et al. (2002).

The results are very similar to the original results reported by Wood et al. (2002)

and support not only the hypothesis of user HIB consistency but also the hypothesis of

the consistency of cognitive mechanisms responsible for IS&R and everyday activities.

6.2.3 Conclusions regarding the extent of HIB consistency

The goal of User Study 1 was to provide a foundation for further research and ini-

tially investigate the problem of HIB Consistency on a wider population of information

users. The results of this study confirmed the initial research hypothesis. The results

illustrated that a big proportion of participants’ time was devoted to very repeatable

IS&R tasks. More interestingly the results illustrated that those very repeatable and

dominating tasks constituted only a small proportion of the overall number of tasks

but were very consistent in terms of scope and associated user information behaviour.

The remaining tasks identified in the study, even though varied in nature, location and

time of interaction, were very infrequent or sporadic.

User Study 1 demonstrated that a majority of the frequent interactions were being

carried out systematically in the same location, the same situational context and at
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Table 6.4: Comparison of general statistics from this user study with the results obtained

by Wood et al. (2002)
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similar times. As illustrated by the qualitative results the above was not a coincidence,

but a result of situational, task and other constraints as well as user preferences. In

all of the cases,, when asked, users were able to provide logical justification for their

actions and recall a plan/rationale for the search process. Even though in some cases

the decisions were made based on highly subjective and emotional factors (e.g. boring

lecture) the responses to those factors were highly repeatable and frequently factored

into the daily record. Examples of the above would include: taking a laptop selectively

for ”boring lectures”, very high reported importance of communication with friends

using Facebook, or the interruption of the primary task with side tasks (caused by

anxiety).

What was also very interesting is the observation that across the repeatable tasks

the distribution of other moderating-factors was very limited. The analysis of the

coefficient of variance for other moderating-factors captured in the diary study clearly

illustrates how stable emotionally, in terms of subjective difficulty, urgency, etc. were

individual tasks. Using the moderating-factor vocabulary introduced in the previous

chapters, the more defined the task the smaller is the distribution of the moderating-

factors and as a consequence the smaller is the behavioural response observed.

The above does not mean that the moderating-factors are stable within longer

interval of times. On the contrary, this study shows that users frequently interrupt the

primary task or carry out multiple primary tasks at the same time. For example User

9 reported that when carrying out the university related work 40% of the overall time

was spent on email, Facebook, Skype, various news portals, chatting or eating. This

factor varied from participant to participant and was evenly distributed.

Finally the results of this research illustrated the consistency of work distribution

with more generic psychological model of habitual behaviour and as such supported

the hypothesis of consistency of the cognitive processes responsible for their control.

The results from User Study 1 provided justification for further research (User

Studies 2 and 3). They illustrated the complexity of the problem of HIB consistency

but also identified the fact that repeatable activities/tasks dominate the overall time

spend on IR. More importantly the results identified only a very limited amount of

those highly repeatable tasks on which further research can be focused. The above

results are a justification for the ethnomethodological approach to HIB as well as IR

research. The results suggested that for all of the users it should be possible to identify
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a very limited number of key primary tasks for which optimisation of IS&R utilities

could be achieved. As such this is also an argument for the feasibility of contextualised

and personalised IR.

6.3 Behavioural analysis

The diary study discussed in the previous section was followed by User Study 2 which

aimed to assess the self-perceived user information behaviour consistency. User Study 2

did not focus on the generic IR population but on a population of Software Developers

shortlisted for analysis in the previous stages of the research framework. User Study

2 was composed of an interview followed by a short questionnaire. It focused on the

analysis of the behaviours identified in the previous step of the framework. The key

focus was placed on:

• Opportunistic practices of developers.

• Reuse of small sections of code during IR.

• The way those information objects are retrieved and later reused in the develop-

ment environment.

The study focused mainly on the analysis of the factors affecting the user decision

to engage in the listed behaviours and the probability of those behaviours occurring

frequently during normal development practice. The analysis was carried out following

the Theory of Planned Behaviour framework and therefore the emphasis was placed on

the analysis of:

• Users’ attitude towards the identified behaviours

• Users’ subjective norms

• Users’ perception of behavioural control when planning/carrying out the be-

haviours

The rest of this section discusses the User Study 2 results and is structured around

the above mentioned attitudes and perceptions.
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Table 6.5: Frequency of Internet resource usage

6.3.1 Attitude towards behaviour

The attitude analysis was carried out to investigate the extent to which participants

believed that their HIB will produce relevant information. The first stage of the analysis

focuses on the perception of behaviour frequency which was treated in this study as a

measure of attitude.

In order to measure their attitudes users were asked to rate them on a Likert scale.

Table 6.5 shows the normalized frequencies of key behaviours on a ”per day” and ”per

working year” basis. The values presented in the table below do not represent the

number of search queries or search problems. They represent the number of work-

related problems that were solved throughout the day. Each relating to numerous

search iterations (as illustrated in User Study 3).

The results presented in Table 6.5 illustrated that the use of digital resources was

critical for Software Developers’ work activities. The interview information confirmed

this observation.

Firstly, the user attitude towards various information objects/ information needs

was listed in Figure 6.6. As can be noticed in Figure 6.6 only the search for code

examples / snippets / modules was selected by all of the users. There was a high level

of consistency in the answers provided by the users. During the interview, participants

reported that they most frequently search for highly processed information (e.g. code

examples / code solutions) in forums/blogs. Failure to find this information meant that

they referred to more generic sources such as formal documentation.
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Table 6.6: Frequency of Internet resource usage

Secondly, the interviews revealed that that code snippets/examples were the most

valued form of information for the block level development problems. The free text

information (with description of solutions and ideas) was preferred for subsystem level

problems.

Thirdly, the way the information was searched and processed was analysed. The

question attempted to identify what happens to the relevant information once it is

found. Table 6.7 summarizes the most frequently reported actions. All of the partici-

pants reported that they either: copy-and-paste the relevant information or use it (e.g.

by reading during development) to solve their problems.

Two responders reported that they often copied even loosely-related code, to obtain

the template for further work. Also, two users reported that they frequently used the

search engine if they did not remember the spelling of commands or groups of commands

and used the retrieved content directly in their code. Overall the comments which

related to the reuse of information were consistent with the research on opportunistic

practices and psychology of programming (Brandt et al., 2009; Hartmann et al., 2008).

The above findings showed that the software developers being studied did not nor-

mally refer to abstract information such as documentation or platform architecture

information. Instead, they preferred to retrieve partially relevant code and perform

iterative experimentation on it. Moreover, the self-reported frequencies of interaction

suggested that code reuse was not an unusual part of their activities but instead was
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Table 6.7: The reported usage of relevant information

very tightly coupled with their work.

The software developers’ had a strong negative attitude towards the use of code-

focused solutions such as Google Code or Source Forge and none of them reported their

use in the study. All of the participants strongly preferred the use of general purpose

search engines.

6.3.2 Subjective norm

The question regarding the reuse of online information during the code development

(opportunistic programming) raised the highest amount of comments because of its

unclear social status. That is most probably because some of the participants did not

perceive it as fully ethical and had a need to caveat the extent of their code reuse.

When asked about their opportunistic practices the participants reported that they

used the code examples ”mainly for very small problems where the solution is clearly

defined” so in other words to distribute their cognition. Other participants were much

more goal focused and reported that they did ”whatever was required” to achieve the

development goal quickly and to be in the position to go to the next task. On the

other hand, there were some participants that had doubts regarding the morality of

the opportunistic practices and reported that they engaged in them ”Only through

Internal code” claiming that they reuse only the company owned components.
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Overall, the comments from the study suggested that the social perception of oppor-

tunistic practices was highly related to the other factor discussed in this study, that is

the level of perceived behavioural control. Users did not perceive reuse of names, short

sections of code or highly reoccurring elements as non-ethical or socially inappropriate.

Participants found it acceptable to copy-and-paste the names of methods and classes

or reuse snippets (”if I cannot remember the spelling or have found a good example”).

They also did not perceive as unethical the process of development by example (”Copy

and modify to suit needs”). The Developers perceived code reuse only if the Intellectual

Property or licensing was an issue. Similarly, if the quality of the copied subsystem or

system level content was recognised to be low or unpredictable, and if the issue was

not addressed this could be perceived as unacceptable and in such case the reuse of

code would be discouraged. Developers were not concerned about the novelty of their

work directly but clearly focused on the task at hand. Hence the only social pressure

related to their opportunistic practices was related primarely to licensing or quality

issues. Developers perceived the reuse of open source code as socially appropriate and

were happy to reuse ”other people solutions to problems” giving them credit through

the code in-line comments.

6.3.3 Perceived behavioural control

The participants in the study noted that their need to search for code related infor-

mation in the Internet was highly driven by their current role in the project. This

observation was very consistent with the results obtained by Freund et al. (2005) dis-

cussing the observed multi-modality of developer activities. This observation recurred

across participants and was best represented by the following comments regarding the

frequency of this interaction:

• ”Sometimes I use it (the Internet) throughout the day but there are days that I

do not use it not at all.”

• ”Often, but quite random as well, I could not classify, sometimes something like

1 to 10 times in a month really, sometimes nearing 10 a day.”

• ”Highly dependent on the stage of the project. At the early stages the interaction

is very intensive and most of the work is Internet based. In the latter stages of
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the project the level of interaction drops dramatically sometimes to the extent

when the Internet is not needed at all.”

Comments from the study suggested that the perception of control over the code

related search was moderated by the pressure exerted either by the project deadlines or

by management. Similarly, the developer’s role in the project, was reported to moderate

the user perception of control. For example, those developers who were involved in

the support or test activities reported that they invested less time in the search of

code related information. The tasks at hand and the role of the developer changed

dynamically throughout the experiment. As a consequence the figures reported in

Table 6.5, Table 6.6 and Table 6.7 represent an averaged value, skewed by the fact that

there were periods of time when participants did not use the Internet for code related

purposes. This observation, along with the actual values of interaction frequencies, will

be further verified in User Study 3 discussed in the next section.

6.4 Identification of moderating-factors

User Study 2 was followed by the automated User Study 3. The goal of User Study 3

was twofold:

• To reinvestigate the question of Software Developers’ HIB.

• To investigate the range of factors affecting user behavioural consistency, espe-

cially the shortlisted behaviours.

The structure of this section reflects the goals listed above.

6.4.1 Software Developers’ Information Behaviour Consistency

6.4.1.1 Location Consistency

The analysis of location variability for the data collected in User Study 3 was much

more complex than the same analysis in User Study 1 due to difficulty in automatic

disambiguation of interaction location. The difficulty was related to the lack of precise

geographical location and a need to derive this location from IP address information.

As a consequence it was not possible to identify the movement of users across locations
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in order to establish the places of interaction (as defined in User Study 1). It was not

possible to distinguish any of the home related interaction variations, because in all

of the cases, the same wireless router was used in the home environment, and as a

consequence, the same IP address was captured. The analysis was limited to the more

generic location analysis. The analysis was made more complex by two additional

properties of the IP address allocation being its often dynamic nature as well as the

use of NAT technology. This occurred, especially in the company environment, which

made differentiation of users possible only after merging the IP data with the user ID

information.

The issue with the dynamic IP address was resolved by using one of the freely

available IP Finder applications. Once the application received the enquired IP address

it provided the name of the provider and the approximate geographical location of the

experiment participant. Overall more than 300 unique IP addresses were retrieved

from the IIS logs using the Microsoft IIS Log Parser. After removal of the automated

traffic (generated by various Internet robots) and removal of the random traffic of non-

authenticated users, 72 distinct IP addresses were identified. The IP addresses were

processed manually to identify 15 unique interaction locations. The reported figure was

very consistent with the information reported in the diary study for the same number

of users. A value lower than in the diary was expected, owing to the inability to install

the observation software (perhaps due to lack of support,, security concerns or lack of

will.) on all of the platforms used referred to in the diaries.

Based on the data from the three different experimental tools (interview, diary and

the automated observation), the graph showing distribution of frequency of location

selection was created. The analysis presented below was based on the analysis of

information regarding interaction location as well as the reported frequency interaction.

The information in the figure below varies according to the research tools used across

the three user studies.

• Interview: During the interview participants were explicitly asked about the lo-

cation they used and the frequency of interactions at that location. The locations

with frequency equal to 0 represented random interactions which according to the

participants were highly unlikely to reoccur. The values represent the number of

times the interaction took place per week.
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• Diary data: Users were requested to record the location of the interaction as

well as the frequency with which the interaction occurred. The values in the

graph below represent a sum of those self-reported figures across the particular

location, and so as a consequence, give the geographical frequency distribution of

information interaction sessions.

• Log data: The content of the IIS server logs was analysed in order to extract

the geographical location of the users as described in the procedure above. This

information was merged with the reporting database and every reported page

was assigned a unique geographical location. Together with the known time

distribution of interaction this information was used to generate the data below

which represents number of visited pages in a particular location per week.

Figure 6.11 illustrates the results of this analysis. The goal of this analysis was to

illustrate the very high level of stability of the information interaction location selection

in the study.

Figure 6.11: Frequency of location selection -
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It is important to notice the number of locations which are selected infrequently

by participants is proportional to the number of locations that are selected frequently.

As expected, because of the differences between the scales used in all three studies

(frequency of location selection, frequency of the sessions and frequency of page visits)

the frequency of interactions from the diary information is shifted to the right in com-

parison to the frequency of interactions from the interview data and the frequency of

interactions from the log data is shifted even more to the right.

6.4.1.2 Time Consistency

The results of User Study 1 were used to form the initial observations regarding the

probability distribution of user activity (type and parameters) and the variance within

and between the groups being studied. Those initial observations were then further

verified by a large scale automated observation of user behaviour carried out in User

Study 3. User study 3 focuses on the same aspects of user interaction. It does not rely

on self-reported data which is limited in terms of quality and quantity but on objective

interaction observation, therefore the distribution information is very accurate. Also

due to the amount of data captured in User Study 3 it was possible to investigate the

variation of data within and between the groups as well, with a higher level of accuracy

than with the other methods.

Again it is crucial to note that the interpretation of the data from User Study 3

was different due to the different variables used. User study 3 based the analysis on

observation of:

• User behaviour assosiated to individual web page visits.

• User behaviour accross multiple pages contained in a single ”report file”. This

level of granularity was used where the IIS (web server used) log inforamtion was

required.

This made the data different from the self-reported diary entries and calendar re-

ports captured in User Study 1. The data captured in User Study 3 was more accurate

in a sense that it captured user interaction with much greater atomicity than User

Study 1 and was objective rather than self-reported. On the other hand not all of the

users’ environments could be monitored by the experimental software, as some of the
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environments where the interaction took place were not under the control of the user

(e.g. work/university environments).

The analysis of User Study 3 started with the exploration of data and tests of nor-

mality. The data analysis (Figure 6.12) confirmed the initial observation, based on

histograms and box plots regarding a non-normal nature of user activity time distribu-

tion.

Figure 6.12: Tests of normality of user data -

The analysis of the User Study 3 data confirmed the initial observation suggesting

that the time distribution followed a mixed (binomial) model. Further transformations

of the data did not allow for its further normalisation. As a consequence non-parametric

tests were used for data analysis.

Figure 6.13 presents the weekly distribution of activities of an exemplary user.

Various colours represent different locations of interaction and once again suggest a

mixed-model of activity time distribution.

A closer analysis of user 22 daily activity distributions across time and location

confirmed the observation of User Study 1. Figure 6.14 and 6.15 illustrates the impact

of the location, associated tasks and context on the user daily routine. The activity
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Figure 6.13: User activity time distribution - IIS logs based User 22 activity time

based distribution. The graph represents frequency of experimental web service calls there-

fore in practice represents more than one page interaction report.

across different locations varies and all of the parameters of the distribution function are

observed to change. This includes both the mean and median frequency of interaction

time as well as the magnitude of the frequency distribution itself.

Overall (Figure 6.16 and Figure 6.17) the activity distribution of user 22 indeed

proves to be a complex mixed-model with at least 4 distinct random variables (not

necessarily independent). The only trend exposed by the data is the division of distri-

bution into two key clusters and its bimodal nature. This observation further reinforces

the role task and interaction time plays in HIB.

Further analysis of activities of other users confirms the above discussed observa-

tions (Figure 17). The expectation-maximisation analysis of distribution again pro-

vides a mixed-model (ω0 = .73, µ0 = 14.09, σ20 = 5.70, ω1 = .22, µ1 = 21.62, σ21 = 2.81)

with a statistically significant difference between the normal distributions of the model

(z=3.20,K-S D=.45,p¡.01).

The individual differences between the users are significant (more discussion regard-

ing variation analysis will be carried out in the following sections). The results illustrate

the impact of personal factors on HIB and its consistency. Figure 6.19 illustrates the

extent of the differences between the individual users. The differences between the users
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Figure 6.14: User 22 daily activity time distribution -

are statistically significant. User 22 (ω0 = .73, µ0 = 14.09, σ20 = 5.70, ω1 = .22, µ1 =

21.62, σ21 = 2.81, z = 3.20,K − SD = .45, p < .01) is more focused on Internet interac-

tion during the first phase of interaction than the User 10 (ω0 = .23, µ0 = 13.26, σ20 =

2.58, ω1 = .77, µ1 = 20.11, σ21 = 4.77, z = 3.55,K − SD = .50, p < .01), the interaction

starts earlier and the first phase dominates over the second phase thus marginalising

its influence on the overall distribution.

In all 12 cases the above mentioned mixed-model composed of two normal distri-

butions was observed. This is a reoccurring trend across all of the participants. Even

though the analysis of activity distribution in different locations identified a number of

other latent random variables they did not reoccur across the participants. The above

is true also for the data gathered through the interviews as well as the diary study.

The analysis of the interview, diary and automated observation data illustrates a

significant magnitude of differences between the study participants. Further analysis

of variance will be carried out in the following section.

The results of normality tests presented in Table 6.8 clearly illustrate that the activ-

ity time distribution of participants in neither of the cases could be treated as normal.

Exploration of data illustrates a very high likelihood of the bimodal nature of the user-

activity distribution. Further application of expectation maximisation methods on the

data confirmed the bimodal nature of the distributions. Table 6.8 illustrates the results

of the users for which the Kolmogorov-Smirnoff test returned statistically significant
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Figure 6.15: User 22 daily activity time distribution split out into different

locations -

Figure 6.16: User 22 location and time distribution - The activity time distribution

of user 22 HIB. Different colours in the histogram represent distinct locations reported in

the study. Their size represents the observed frequency.
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Figure 6.17: User 22 weekly location and time distribution - The activity weekly

time-distribution of user 22 HIB. Different colours in the histogram represent distinct

locations reported in the study. Their size represents the observed frequency.

Figure 6.18: All user-activity distribution histogram and the histogram based

mixed-model -
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Figure 6.19: User Activity Distribution - Comparison of activity distribution function

of User 22 (upper left) and User 10 (upper right), User 20 (middle left), User 26 (middle

right), User 24 (lower left) and User 23 (lower right)
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Table 6.8: Result of expectation maximisation algorithm applied to the data.

difference between models 0 and 1. For users 28 and 29 results were not significant at

a level of p=.01.

Because of the shape of the observed time distribution (mixed-model resembling

bimodal distribution) the parametric tests of variance (ANOVA) could not be safely

carried out.

Secondly the tests of homoscedasticity (homogeneity of variance), carried out visu-

ally (Figure 6.20) and statistically using the Levene’s test (F(11,21504)=177.64,p=.000),

illustrate that there exist big differences in user interaction-time variance. This obser-

vation was expected due to hypothesised individual differences in user interaction. This

indicates a difference between the groups (the Kruskal-Wallis test assumes homogeneity

of variance and as consequence cannot be safely used).

The next analysis focuses on the coefficient of variability and the extent to which

it changes with the introduction of the two models obtained by the expectation max-

imisation algorithm. Table 6.9 illustrates a decrease of the value of the coefficient of

variance which is very similar to the decrease observed when task granularity is being

introduced further in this chapter. This table illustrates the impact of the work and

personal-activity differentiation which is very often discussed in IR literature (Case,

2007).

What is important to note is the observation that the coefficient is not distributed

evenly across the experiment participants and that the particular pattern of interaction

and the extent to which this bimodality influences user interaction is very specific for
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Figure 6.20: Interaction-time box plot - The Box Plot illustrating user interaction

time. Numbers on the bottom represent user IDs

Table 6.9: Analysis of coefficients of variability of User Study 3 users for bimodal distri-

bution and two extracted normal models
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a particular user in a particular time. Finally the results illustrate clearly a variation

of information environment selection between the users and rather small variation for

the users themselves supporting the hypothesis of the environmental consistency.

6.4.1.3 Task Distribution Consistency

A similar analysis was carried out based on the data collected in User Study 3. User

study 3 did not collect the data regarding the actual task directly therefore a substitute

variable had to be generated based on the available data. User study 3 collected the

URL of the pages that were visited along with the interaction time and the ID of

the user that was interacting with the information resource. This data was used to

generate the frequency plot illustrated in Figure 6.21. The plot was generated through

the extraction of the domain names of the pages visited and calculating the frequency

of visits on a per user basis.

Figure 6.21: Domain-selection frequency on a logarithmic scale based on User

Study 3 -

In the User Study 3 the user interaction was automatically captured. Therefore

the quantity of the observed page visits is higher than the amount of data captured

in User Study 1 which was diary based. This allows for more detailed analysis of user

task distribution and illustration of the real extent of user task repeatability. As part

of the data analysis each page interaction was classified into one of the three groups

depending on the observed frequency of visits:
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1. First time interaction: the page was classified to this group if a particular user

interacted with the domain to which it belongs only once through the course of

the study;

2. Infrequent interaction: the page was classified to this group if a particular user

interacted with the domain to which the page belongs N or less times where N is

an amendable threshold value.

3. Frequent interaction: the page was classified to this group if the number of domain

visits was higher than the threshold value.

The goal of this analysis was to illustrate the proportion of the three classes of inter-

action depending on the threshold value. Figure 6.22 illustrates the results of analysis

with the threshold value changing between 30 domain visits per user per experiment

period to 120 visits per user per experiment period. The results show that only 4% of

page visits were addressed at the unique domains. Moreover the data illustrates that

even with a very high threshold value of 120 domain visits more than 40% of interac-

tions were highly repeatable. This result is also consistent with the observations from

the psychological research on habit development and overall repeatability of human

behaviour (Wood et al., 2002).

The above analysis shows that a big proportion of information interactions are

highly repeatable in terms of the task domain.

6.4.1.4 Consistency of Repeatable Tasks

The consistency of repeatable tasks was analysed in a same way as in User Study

1 this time on data captured automatically through User Study 3. Since the task

information was not directly available (as users were not asked to provide it during

the interaction) the task had to be inferred from the observed data. In order to carry

out the above mentioned analysis, the interactions of the user were grouped around

the network domains of the sites visited. This approach to task identification was very

efficient as far as the automated analysis was concerned as it can be semi-automated.

The tasks, identified using this approach, are different to the tasks captured in User

Study 1. The tasks classified based on the domain analysis are of the lowest possible
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Figure 6.22: Repeatability of activities - The classification of log entries based on

the user frequency of visits. Charts represent distinct visit classification depending on the

classification threshold.
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granularity in contrast to tasks in User Study 3 which were much more abstract. This

does not affect the overall data analysis or the data frequency distribution.

Further analysis focuses on the investigation of visit frequency distribution and its

variance. The analysis of the histograms of the frequency distribution presented in

Figure 6.23 suggests a non-normal distribution of the data. The histogram resembles

more closely the exponential or log normal distribution.

Figure 6.23: Page selection frequency for all users -

The Kolmogorov-Smirnov test of normality failed to support the hypothesis of nor-

mality as well as the hypothesis of the exponential distribution for all 12 users (in both

cases all p¡ .000).

The results of User Study 1 supported the hypothesis of log-normal nature of this

distribution. Therefore it is expected that the log-normal distribution will also be ob-

served when analysing a much bigger data set. Figure 6.24 illustrates a histogram of

normalised frequency data in a logarithmic scale which reveals the log-normal nature

of the data. Because of the differences in the experimental design, frequent and infre-

quent interaction could be differentiated exclusively, based on the user activity within

the experiment time. The fact that the distribution of data was based on a finite time

interval meant that there will be a lower bound of data observed which is unique to a

participants’ experiment duration and equal to 1/(numberofweeks). The interactions

that occurred with this particular frequency or with a lower frequency were not distin-

guishable in our experiment and manifested themselves as a number of peaks on the

left hand side of the logarithmic histogram.
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Figure 6.24: Histogram of user-activity distribution in logarithmic scale -
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Following the above observation the expectation maximisation algorithm was em-

ployed to establish the parameters of the log-normal distribution based on the captured

data (Figure 6.25). The generation of the model was followed by the Kolmogorov-

Smirnoff which with p=.60 did not allow the rejection of the null hypothesis regarding

the similarity of the data and the generated model.

Figure 6.25: Log normal distribution based on expectation maximisation algo-

rithm -

The Levene’s test of homogeneity of variance confirmed the assumption of distribu-

tion homogeneity for all of the users (F(11,1837)= .860,p=.579). As a consequence the

Kruskal-Walis non parametric test of variance could be carried out. The test indicated

that the null hypothesis regarding the equality of the frequency distribution popula-

tions (χ2(11, N = 1837) = 16.263, p = .132) could not be rejected. The differences

between the users were not statistically significant indicating the consistency of user

task frequency distribution.

The above analysis does not take into account the geographical distribution of user

activity. In order to address the above the log information containing IP addresses

of the users was merged with the detailed information regarding user activity. The

IP information was pre-processed to remove the impact of the dynamic IP which is

supplied by the majority of ISP. The IP information was processed manually using the

”who is” service in combination with the Machine Id information to produce unique
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user location IDs. The data regarding user activity was then processed to extract the

domains of the pages visited which were further used as a base for task analysis as

discussed below

Figure 6.26 illustrates the results of the task-location analysis. The figure illustrates

that a majority of interactions were carried out in a single location (80.43%). Only one

task of a single user was reported to be carried out in more than five locations therefore

it was treated as an outlier and not included in further analysis.

Figure 6.26: Task distribution across different locations -

In order to investigate the distribution of tasks across different locations the tasks

were grouped based on the number of locations they were observed in. The grouping

was further used for the frequency distribution analysis which revealed the types of

tasks, one off/frequent/infrequent, carried out across locations. Figure 6.27 and Figure

6.28 illustrate the results of this analysis and suggest differences between the different

populations.

Once again the frequency data has a log normal distribution with a left hand dis-

tortion related to the time constraints of the study (note: this effect was discussed in

the above analysis). The analysis of the results illustrates that the interactions which

were carried out in just one or two distinct locations span the entire frequency spec-

trum but have a logarithmic mean at around 0. The tasks which were carried out in

more than two locations were shifted to the right, so towards much higher frequencies.
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Figure 6.27: Natural logarithm task frequency distribution across different

locations in logarithmic scale -

Figure 6.28: Natural logarithm task frequency distribution across different

locations -
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Table 6.10: Levene’s test of homogeneity of variance for task carried out in different

number of locations

Interactions that took place in multiple locations were very infrequent in comparison

with the remaining activities.

The above is consistent with the statistical analysis. The Levene’s test (Table 6.10)

failed to support the hypothesis of homogeneity of variance between the tasks carried

out in one and two locations and the rest of tasks indicating statistically significant

difference between those two groups. On the other hand the Levene’s test supported

the hypothesis of the homogeneity of variance between groups one and two as well as

three, four and five.

The Kruska-Wallis non-parametric test indicated that the task frequency distribu-

tions for tasks carried out in one and two locations were different (χ2(1, N = 1133) =

14.942, p = .000). On the other hand the null hypothesis regarding the similarities of

task frequency distributions for tasks carried in more than two places (χ2(2, N = 62) =

2.656, p = .265) cannot be rejected.

The above results illustrate clearly that not only were the distribution of tasks con-

sistent for individual users but also that there were no statistically significant differences

between the normalised distributions across different users. Moreover, the results illus-

trate that the tasks which were carried out in one location had a different frequency

distribution than the rest of the tasks. Similarly the frequency of tasks which were

carried out in two locations was different from that of the rest of the tasks although the

variance was homogenous with the tasks that were carried out in one location. Finally,

the frequency of the tasks that were carried out in more than two places was the same.

The above mentioned results confirm the hypothesis of task distribution consistency

for User Study 3.
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6.4.2 Identified behaviours and impact of moderation

The goal of this stage of the User Study 3 result analysis is to illustrate the impact of

moderating-factors on the following shortlisted behaviours, including:

• Direct code reuse practices at block level (distribution of cognition)

• Direct code reuse at subsystem and system level (opportunistic programming)

• Direct reuse of system level components e.g. libraries, classes, frameworks and

bigger components (component reuse)

• Indirect code and information reuse practices at different complexity levels (block,

subsystem, system)

Because of the structure of the experimental software and as a consequence the

structure of the experimental results the analysis focuses on the key information objects

captured:

• Directly reused code elements including all three types of behaviour. The be-

haviours were further subdivided into three categories based on the overall copied

content length and subjectively annotated complexity.

• Indirectly reused information.

6.4.2.1 Direct opportunistic practices: code reuse

A total of 1296 non-trivial copy-and-pastes (originating out of the report which lasted

for more than 20 seconds) had been recorded, out of which 379 originated from outside of

the development environment. The analysis revealed substantial behaviour differences

between the interactions when the information was sourced from the browser and when

it was sourced from other location. The results indicated that the presence of copy-and-

pasting from the browser was an indicator of higher problem complexity, manifested

through longer active times, captured in the behavioural reports, but also as far as

the complexity of the copy-and-pasted content was concerned (measured through the

content length and subjective complexity).
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Figure 6.29 demonstrates how the active time of interaction with the source code

document changes, depending on which sources were used for the purpose of copy-and-

pasting. It is important to note the very strict definition of active time that was used

in this study. The active time was the time the user spends actually interacting with

the source code document. The active-time was calculated almost exclusively when the

user was providing input to the development environment or interacting with it in other

ways (for example building, debugging, etc.), it was not captured when there was no

focus on the document or when the document was idle. As a consequence of being able

to get the observation data directly from the development environment and creating

such a strict definition the active time as measured here is a very good approximation

of the amount of direct attention that was paid to the development document.

Figure 6.29: Software Developer Active Times - Active times of interaction. Bar on

the left represents the sessions during which the information was copied from the browser.

The bar on the right represents sessions during which the copy-and-paste was done within

the development environment, the middle bar represents the average for all other sessions.

As a consequence of the above Figure 6.29 is a good illustration of the amount of

attention that was paid to the development documents depending on the source of the

information used. The figure illustrates the extent of differences between those distinct

groups of interactions. Further analysis of the numerical data showed the extent of the
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Table 6.11: Levene’s test of homogeneity of variance for task carried out in different

number of locations

difference in the attention measured through active time.

The analysis of the histograms of the active time distribution clearly indicates their

non-normal nature once again suggesting a log-normal distribution. The Kolmogorov-

Smirnov test confirmed the assumption of log-normality of the captured data and the

Levene’s test carried out on the data transformed by natural logarithm supported the

hypothesis of homogeneity of variance (F(2,1155)=1.547,p=.213).

Since the assumptions of the one-way ANOVA were met by the data, this test was

carried out to investigate the differences between the active times based on the source

of the copy-and-pasted information. There was a statistically significant effect of the

source of copy-and-pasting (when sourcing information from the browser, development

environment and other sources) on the observed active time as determined by the one-

way ANOVA (F(2,1155)=48.372,p=.000).

Post-hoc comparisons using the Tukey HSD test (based on the data transformed by

a natural logarithm) indicated that the mean score for the active time when the infor-

mation was sourced from the development environment ( = 4.45, = 1.49) and the other

source condition ( = 4.32, = 1.50). However, the browser and other source condition did

not significantly differ from the development environment condition. The differences

between the active times of different participants were also analysed using the method

discussed above, and since the Levene’s test could not support the hypothesis of the

homogeneity of variance, it must be concluded that there are differences between the

users as far as the distribution of active time is concerned.

Similarly, the users spent more time between the copy-and-paste occurrences when

the information was sourced from the browser. Figure 29 illustrates the average fre-

quency of copy-and-pasting across all of the users as well as the magnitudes of the

copy-and-paste frequency differences.
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Figure 6.30: Average Time Distribution - The average time between the Copy-and-

Paste actions. The darker plot illustrates the distribution of C&P in the development

environment. The lighter plot illustrates the distribution of C&P from the browser.

Similarly the analysis revealed the log normal nature of the frequency distribu-

tion. The Kolmogorov-Smirnov tests confirmed the assumption of log-normality in all

three cases. In contrast to the previously discussed distribution the Levene’s test of

homogeneity of variance suggested that the three populations had different variances

(F(2,816)=5.548,p=.004).

In order to assess the behaviour correlation with problem complexity in more de-

tail further analysis was carried out based on the copy-and-pasted content. The data

captured during the experiment was processed and each copy-and-paste event was anal-

ysed in terms of its content length and subjective complexity measured on a three point

scale. The content was encoded with a complexity of zero if it did not carry any logic,

a complexity of one if there was logic being copied but is of marginal complexity and

a complexity of two if more complex logic was being copied.

Table 6.12 shows the summary of the data analysis. The summary data further

supported the observation of higher problem complexity when the interaction through

copy-and-pasting from the browser is observed.

The Levene’s test was not able to reject the hypothesis regarding the homogene-
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Table 6.12: Copy-and-pasted content analysis

ity of variance (F(2,1143)=.982,p=.375). The Kruskal-Wallis test showed the exis-

tence of a statistically significant difference in complexity between the three distinct

populations(χ2(2, N = 1146) = 18.782, p = .000).

Contrasting the complexity of the interaction when the information was sourced

from the browser, with the complexity in the group where the information was sourced

exclusively from the development environment, revealed a higher complexity of browser

based interactions (U(N = 881) = 27177,p ¡ .01). Similarly contrasting the complexity

of development environment interactions with all other monitored copy-and-paste in-

teractions revealed higher complexity of other interactions (U(N = 1066) = 92888,p ¡

.005).

The further analysis of the length data and distribution across different sources of

copy-and-pasting showed that the three distributions were non-normal and their vari-

ance was not homogenous. After transformation with a natural logarithm the hypoth-

esis of the data log normality could be accepted (based on Kolmogorov-Smirnof test).

The assumption of data variance homogeneity based on Levene’s test could not be ac-

cepted either, regardless of the logarithmic data transformation (F(2,1143)=23.466,p=.000).

The above results demonstrate that when copy-and-pasting information from the

browser, the users interacted longer with the source code files and much less frequently.

Moreover, the data copied from the browser had higher complexity and was longer

illustrating a higher complexity of a problem.
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The results show that even though copy-and-pasting from the browser was not as

frequent as internal development environments operations, it was much more frequent

than reported in the feasibility study. The distribution of browser interaction had a

normal shape with an average of 120 minutes with Q1=26 min and Q3 = 132 min.

Table 6.12 shows the results of the analysis of the copy-and-pasted text depending

on its source. It can be seen from the diagram that the average number of characters

that were copy-and-pasted from the browser were more than two times higher than

the average number of characters copied from other sources. On the other hand, users

copied the information from the browser much less frequently than internally in the

development environment. Single copy-and-pastes accounted for 60% of copied data,

with the maximum of 8 in a single report.

The data for development environment copy-and-pasting also contained a lot of

isolated events with 60% of copy-and-pastes occurring only 1-3 times in the report. The

remainder of the reports contained higher values ranging 44-46 indicating a substantial

amount of work being carried out on the document.

Finally the relationship between the copy-and-pasting and project building (so the

process of code verification, linking and compilation that lead to creation of an exe-

cutable file) was investigated:

• After the user copy-and-pasted the information from the browser, the build action

was executed in 57.5% of cases and with the focus in the same window

• After the copy-and-pasting of the information from the development environment

the build took place in 11.14% of cases and with the focus in the same window

In terms of the data source selection during the development activity they were

captured through the monitoring of the source process that was used to copy-and-paste

the information into the development environment (Figure 6.31).

Figure 6.31 provides an overview of the processes used as a source of the information

that was further pasted into the development environment. Due to the policy imposed

by the administration and the fact that the IE was the main development target in this

experiment it was the most frequently used browser, and a source of copy-and-paste as

well as focus-change action (note: program is focused if it currently accepts user input;

change of focus means the change of the currently active program). This means that

214



6.4 Identification of moderating-factors

Figure 6.31: Copy-and-paste process distribution -

not only users copied information most frequently from the browser but the interaction

with the browser was a primary reason for development interruptions. Figure 6.31

does not show the interaction within the development environment as due to a high

count of those interactions (917 non-trivial interactions), the scale of the distribution

was obstructed. Tools such as ”Blend”, ”cmd”, ”Dbgview”, ”Fiddler”, ”Ssms” or

”vsjitdebugger” are complementary development tools but were not included in the

direct observation. The ”Vmusrvc” process is a part of Microsoft Virtual PC which

was being used extensively during the code development for hosting the development

and test environments locally on the machine.

6.4.2.2 Indirect opportunistic practices: Information reuse

This subsection focuses on the second group of shortlisted behaviours reported by the

participants of User Study 2. The focus of this analysis is to review the information

identification activities during code delivery, which is this case, was measured through

the change of the user focus. Since no eye/gaze tracking solution was used in the

study due to its ethnographic nature, the information regarding user focus was limited

to the information about the active program/document and the interaction of users

with the programs/documents. As a consequence the focus-change information was

very similar to the data captured while observing copy-and-pasting behaviour wit h

the key difference being that the data was transferred between the programs without
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the assistance of the computer (i.e. directly by the user) and as a consequence, in this

analysis the exact content that the user-focused on could not be taken into account.

It was hypothesised that the correlation of user active-time in the environment to

the presence and target of focus-changes was similar to the correlation of the copy-and-

pasting activity. The analysis of the distribution of the active time once again confirmed

its non-normal nature (Kolmogoto-Smirnov p=.000). The Levene’s test confirmed the

assumption of homogeneity of variance therefore the (F(2,1155)=q.547,p=.213) further

non parametric analysis was carried out. The Kruskal-Wallis test showed statistically

significant differences between the active times depending on the program group used for

focus-changes (χ2(2, N = 1158) = 89.752, p = .000). The post-hoc paired comparison

using Kruskal-Wallis illustrated that the active time when the focus-changes did not

occur or occured only internally in the development environment was smaller than

when the focus-changes occurred between the browser and development environment

(χ2(1, N = 876) = 31.972, p = .000) or other programs (χ2(1, N = 1068) = 31.972, p =

.000). Even though the mean active time for development interaction was higher for

focus-changes taking advantage of the browser, the differences were not statistically

significant (χ2(1, N = 372) = .243, p = .622).

Very similar results can be observed for the focus-change frequency data depending

on the focus-change source. Similarly to the previous analysis the data illustrates

differences in variances depending on the focus-change source, with the assumption of

homogenous variance rejected by the Levene’s test (F(2,816)=159.901,p=.000). It has

to be concluded that the three groups are indeed different.

6.4.3 Population behavioural consistency

In order to assess the overall behaviour consistency of the group of software developers

the experiment was divided into two separate time periods each having the same num-

ber of ”non-trivial reports” (as defined in section 6.4.2.1). The different observations

belonging to the two different time periods were further analysed in order to observe

the changes to the distributions and the magnitude of those changes.

The analysis first focused on the complexity variation in time for the develop-

ment task. The first complexity parameter tested was copied content length. The

Kolmogorov-Smirnof test did not support the hypothesis regarding the normal distri-

bution of the length data (p=.000). The Levene’s test supported the hypothesis of
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variance homogeneity between the samples (F(1,1144)=.903,p=.342). The Kruskal-

Wallis test did not allow the rejection of the hypothesis regarding the similarity of the

two selected populations (χ2(1, N = 1146) = .348, p = .555) .

Similarly the analysis of the complexity score in time proved not to be normally

distributed (Kolmogorov-Smirnof: p=.000) but the variance of the distributions was

homogenous (Levene’s test:F(1,1144)=.002,p=.967). The Kruskal-Wallis test did not

allow the rejection of the hypothesis regarding the similarity of the two selected popu-

lations (χ2(1, N = 1146) = .027, p = .871) .

Secondly the behavioural parameters were investigated. Results similar to the above

were obtained when analysing the frequency of the copy-and-pastes distribution of the

two time periods studied (Kolmogorov-Smirnof: p=.000, Levene’s test:F(1,817)=.074,p=.786,

Kruskal-Wallis test: χ2(1, N = 819) = .136, p = .713) as well as the overall observed ac-

tive time (Kolmogorov-Smirnof: p=.000, Levene’s test: F(1,1156)=.089,p=.765, Kruskal-

Wallis test: χ2(1, N = 1158) = 1.997, p = .158) failing to identify statistically signifi-

cant differences between the populations.

The distribution of the focus-change count across the two time periods was con-

sistent for all of the users. The data failed the tests of normality but the Levene’s

test supported the assumption of data variance homogeneity (F(1,1156)=.554,p=.457).

The Kruskal-Wallis test failed to reject the assumption of similarity of the focus-change

count distribution across the two populations (χ2(1, N = 1158) = .523, p = .470) .

Similarly the analysis of the focus-change frequency distribution in two intervals

failed to identify statistically significant differences (Kolmogorov-Smirnof: p=.000, Lev-

ene’s test: F(1,817)=.004,p=.950, Kruskal-Wallis test: χ2(1, N = 819) = 1.168, p =

.280) in the two distinct time samples supporting the hypothesis of user and group

macro-behaviour consistency.

6.5 Interpretation of the results

This section provides a brief summary of the results discussed in this chapter and

provides their interpretation in relation with the research questions.
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6.5.1 Extent of HIB consistency

The results clearly illustrated that the distribution of user interaction across geograph-

ical locations and time was fairly narrow. The Majority of users interacted with IR

systems in a small number of settings and were faced with a limited and recurring num-

ber of problems. Even though a big proportion of user tasks could be classified as ”one

off” or ”sporadic” the majority of reported user activity could be classified as highly

recurring (i.e. 49% - diary study, 42% - automatic observation and 120 observations

per study being the threshold for the tasks classified as recurring) or even habitual

(41.9%). Similarly, there was very little variation of user location when interacting

with the same tasks with more than 80

The analysis of the remaining moderating-factors revealed that their distribution

across different settings, tasks and time, was stable as well. By grouping user responses

based on ”Context” (as defined in this study) and Task Classification the Coefficient

of Variation of all of the moderating-variables dropped by an order of magnitude (e.g.:

stress level 72.58% - 7.10%, search query formulation difficulty 62.71% - 15.33%).

The above results confirmed the proposed hypothesis on the stability of user inter-

action context and task (discussed in Chapter 4). The analysis suggested that users

tend to interact in the same locations, during the same periods of time, with the same

tasks.

Similarly the behavioural responses to recurring tasks were consistent. Both the

self-reported (e.g. throughout the User Study 1 and 2), as well as the observed (e.g. in

User Study 3) behavioural distribution functions, had a non-uniform nature supporting

the hypothesis of consistency/rationality in human information choices. Clear trends

of user behaviour could be identified throughout all of the measured parameters.

This does not mean that the nature of HIB consistency was trivial. On the contrary,

a variance of user behaviour was apparent. Variance occurred across different user

tasks, geographical locations, emotional states, goals, perceived difficulty levels and

a wide range of factors captured during User Study 1. A substantial variability was

observed also between the users. This made the generalisation of behavioural results

difficult. This supported the conclusions of the discussion regarding the limitations of

moderating-factor approaches.
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On the other hand the data analysis illustrated that certain properties of HIB

could be used to improve the prediction accuracy. The results illustrated that the data

variance could be considerably decreased if user interactions were grouped based on the

user/group, location, time of interaction, and task type. This supported not only the

assumption of consistency as outlined in this thesis but also supported the validity of

the proposed framework.

The results also suggested that during IS&R humans develop information-related

habits and that some proportion of user behaviour could be supported by automated

cognitive processes. The results reported in this study are consistent with the more

general cognitive research and suggested that the cognitive processes involved are the

same.

To summarise, the results supported the hypothesis of user environmental and be-

havioural consistency.

6.5.2 Identification of consistent behaviours

The results clearly illustrated that there existed a finite set of highly repeatable and

consistent behaviours which were triggered as a response to successful information

retrieval. Moreover the above mentioned behaviours were executed frequently enough

to be considered a systematic source of implicit or semi-implicit relevance-feedback.

The above results indicate that there existed a group of widely reoccurring interactions

correlated to information relevance:

• Interaction with code examples in parallel with code development.

• Copy-and-paste of code snippets at a block, subsystem or system level.

• Source code, library or system download attempts.

• Any of the above followed by code experimentation.

All of the identified behaviours relate to user opportunistic/development by example

practices.

The analysis carried out in User Study 2 suggested that the following are the key

factors which affected the attitude towards the identified behaviours and social norms,

as well the perception of control:
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• The stage of the project: The results illustrated that the stage of the project

moderated the user role in the project, as well as the user preference towards

the information objects and their retrieval frequency. The impact of the stage of

the project on the observed behaviour was not direct. It was further moderated

through the task/role. Multiple users reported that their interaction frequencies

varied drastically depending on the stage of the project.

• Task / Role/ Archetype: The results supported the observations made previ-

ously by Janjic et al. (2010) or LaToza et al. (2006) and clearly illustrated that

both macro as well as micro-behaviour is moderated by the task/behavioural

archetype. It is important to note that multiple users in this study reported that

their roles varied considerably across the entire spectrum of development tasks.

Participants were engaged in scoping, development, test and post-release support

activities and their behaviour varied as these activities changed. As one of the

users stated: interaction frequency was ”Highly dependent on the stage of the

project. At the early stages the interaction was very intensive and most of the

work Internet based. In the latter stages of the project the level of interaction

drops dramatically, sometimes to the extent when the Internet was not needed at

all”.

• Size and complexity of the information object: The self-reported frequencies of

user interaction illustrated that the reuse of small elements of code (code snippets)

were reported to have the highest frequency. The size of code also affected the

perception of control and also indirectly the social acceptance of the opportunis-

tic processes (as the concern over licensing and quality issues related differently

with elements of code of different size). This was observed both quantitatively

and qualitatively through the behavioural frequencies captured. The qualitative

analysis was based on the interpretation of user comments (e.g. the fact that

they engaged in opportunistic practices ”mainly for very small problems where

the solution is clearly defined”).

• Time and Location of HIB. Participants reported that the above activities were

strictly work-related although some reported frequent interaction with customers

at customer sites and sometimes at home as well. The reported variation related
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mainly to the location of interaction. Although the majority of interactions were

reported to take place during the standard working hours (where high variations

of working hours were recorded), where there was a need, some of the work was

performed outside of working hours.

The results support the hypothesis of user behavioural-response consistency by

reinforcing the observation from the literature review and exposing clear and rational

development-related information strategies.

6.5.3 Identification of moderating-factors

The results illustrated that the identified HIB was affected by a number of moderating-

factors:

• Work/Non-work-related nature of the task/context: This was observed through

a bimodal distribution of the captured data. The analysis revealed that the

coefficient of variation of data decreased when the data was split into two separate

populations based on this moderating-factor.

• Time and location: This factor had an impact on user behaviour and selection

of tasks. The relationship between the task, location and time was very strong

and stable for all of the participants. The distribution functions did not vary

substantially throughout the time of experiment.

• Individual differences: Significant variations were observed between the partici-

pants. The variations did not affect the interpretation of the identified behaviours

but affected their overall frequency and distribution in time and also across the

tasks.

• Stage of the project: The analysis of population consistency did not show statis-

tically significant variations of user behaviour in time.

• Task / Role / Archetype of behaviour: The analysis of the retrieved content did

not allow for identification of any variations of behaviour caused by the user role or

tasks type. The type of the task impacted the way the development environment

was being used. The task affects the decision whether to use the environment or

not and the amount of the actual development/copy-and-paste behaviour.
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• Size/Complexity / Commercial nature of the problem: -

The above were the only factors significantly affecting the shortlisted HIB. The anal-

ysis failed to reveal statically significant change to the observed behaviours throughout

the duration of the experiment. Moreover the analysis failed to identify statistically

significant variations of the identified moderating-factors as well.

6.6 Conclusions

The results analysis presented in this chapter supports the research hypothesis of HIB

consistency. The analysis supports the findings of this thesis and illustrates that even

though HIB varied considerably across numerous moderating-factors the users in the

studies tended to interact with the same tasks in the same context/location and over

the same periods of time. From the perspective of the Black Box Model this preference

of the users to use stable environments minimised the moderating-factor variation.

This as a consequence minimised the HIB variation as well and allowed the research to

reduce the complexity of the research problem.

The outlined ”Integrated Framework for HIB in-situ” was successfully applied to the

problem of work tasks of software developers and led to the identification of behaviours

that could be used in IR development. It also allowed for the identification of the

key moderating-factors affecting the variability of user HIB and for understanding the

impact the variability has on the IR system.

The next chapter concludes this thesis, presents its strengths and weaknesses and

discusses the further research that will be carried out.
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Chapter 6: Summary

User Study 1 revealed that a big proportion of user activities was highly consis-

tent/repeatable (49%). The consistency can also be observed across all of the input

variables of the General Black Box model.

User Study 1 also revealed that 41.9% of user activities met the definition of habitual

behaviours by Wood, Quinn, and Kashy. The observed habitual behaviour was consis-

tent with the general habitual behaviour supporting the hypothesis of the consistency

of cognitive mechanisms responsible for IS&R and everyday activities.

The behavioural analysis which was carried out through the User Study 2 revealed high

potential of the shortlisted behaviours to predict relevance. The results illustrated very

high and positive attitude towards the identified behaviours (participants perceived

the behaviour as a natural consequence of finding relevant information). Similarly the

level of perceived behavioural control, especially for smaller information objects was

reported to be very high. In a majority of cases the identified behaviours were highly

accepted in the work group.

Further analysis of shortlisted behaviours (User Study 3) of software developers identi-

fied only the following factors as having statistically significant impact of the behaviour:

• Work/Non-work-related nature of task along with the task time and location

• Individual differences between the users

• Stage of the project

• Task / Role / Archetype of behaviour

• Size / Complexity / Commercial nature of the problem

User Study 3 did not identify any statistically significant changes to the observed be-

haviours or the above mentioned moderating-factors throughout the period of the study

further supporting the hypothesis of human behavioural consistency.

Successful application of the proposed framework supports the validity of the ”Inte-

grated Framework for HIB in-situ”.

Table 6.13: Summary of chapter 6
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Conclusions

7.1 Contributions to knowledge

The work described in this thesis makes a number of contributions to the existing knowl-

edge by investigating the long acknowledged problem of consistency in HIB through

user studies. Importantly this thesis has proposed a systematic framework for con-

textualised/personalised information retrieval system. The framework is based on two

well-known theories: Theory of Planned Behaviour and Holistic Cognitive Theory of

Information Retrieval. Notably, the effectiveness of the framework is demonstrated by

applying this to a case study of software engineers. The rest of the chapter discusses

the main contribution in detail and also the perceived limitations and strengths are

highlighted in the chapter.

7.1.1 Consistency of Human Information Behaviour

The key contribution of this thesis is the investigation of the HIB consistency. There

exists a significant research in HIB and IS&R investigating human behavioural vari-

ability and factors affecting it. However this research is lacking in understanding of

cognitive mechanisms of human consistency. On the other hand psychological research

focuses on the problem of human behavioural consistency but is not easily applicable

to the HIB and IS&R problem. The work presented in this thesis bridges those two

research domains. It illustrates how user everyday cognitive mechanisms take part in

IR and it builds foundation for HIB consistency.
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The results of the work presented in this thesis clearly support the hypothesis of

HIB consistency. This does not mean that the human consistency is a simple problem.

The results of this work indicate clearly that in order to effectively predict behaviour

it is not sufficient to obtain knowledge about a limited number of moderating-factors

but to analyse the context of the problem, user and interaction.

Results of User Study 1 reveal that:

• Users tend to make similar decisions about the similar sets of tasks as long as

they are in very similar contexts.

• Users intentionally choose to interact with the same sets of tasks.

• Users intentionally choose to interact in the same contexts.

• User behaviour changes significantly across tasks.

• User behaviour changes significantly across contexts.

• User behaviour changes significantly with the individual differences between the

users.

• For every user there exist a small number of highly repeatable tasks which are

being carried out in highly repeatable contexts and as a consequence lead to

highly repeatable behavioural responses.

• The above mentioned tasks and contexts do not change significantly in time.

• User response to the above mentioned tasks does not change significantly in time.

• It is possible to identify those tasks, contexts and behaviours using the proposed

”Integrated Framework for HIB in-situ”

7.1.2 Integrated Framework for HIB in-situ

The second key contribution of this thesis is the integrated framework which is devel-

oped based on two well-known approaches: Theory of Planned Behaviour and Holistic

Cognitive Theory of IR. The framework helps to bridge the gap between the cognitive

research which offers effective tools for obtaining high predictive validity when inves-

tigating human behaviour and the IS&R research which focuses significantly on the
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investigation of HIB and development of IR utilities. The proposed framework helps

to systematically design personalised and contextualised IR solutions as discussed in

detail in chapter 4.

7.1.3 Consistency of software developers’ Information Behaviour

The third key contribution to knowledge is the application of the proposed framework

to the problem of the work-related information retrieval of software engineers and the

consistency of their information behaviour. The application of the proposed frame-

work to the group of software engineers further confirmed the initial hypothesis of HIB

consistency and the applicability of the framework to IS&R problems.

The application of the framework to the work-related problems of software engineers

resulted in:

• Identification of the actor group responsible for the highest IR related cost: Soft-

ware Developers and Testers

• Identification of the tasks responsible for the highest IR related cost: Develop-

ment, Debugging and Maintenance of Code.

• Identification of the highly reoccurring behaviours directly correlated to informa-

tion relevance:

– Direct code reuse practices at block level (distribution of cognition)

– Direct code reuse at subsystem and system level (opportunistic program-

ming)

– Direct reuse of system level components e.g. libraries, classes, frameworks

and bigger components (component reuse)

– Indirect code and information reuse practices at different complexity levels

(block, subsystem, system)

• Assessment of the level of consistency of the identified behaviours and identifica-

tion of the factors responsible for the majority of variance through user attitude

analysis.
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The micro behaviours proved to be not only very good implicit indicators of rele-

vance but also frequent enough to allow for their widespread use in IR personalisation

and contextualisation.

7.1.4 Identification of strong implicit-feedback indicators for the pop-

ulation of software developers

The attitude analysis carried out in User Study 2 allowed for the identification of

moderating-factors affecting the variance of the shortlisted behaviours. The impact of

the identified moderating-factors was then verified in User Study 3. User Study 2 used

the proposed framework to investigate:

• The attitude towards opportunistic practices: The results illustrate that the over-

all attitude towards the copy and pasting and knowledge reuse is very favourable.

Developers perceive Internet as a very valuable source of code related information

and use it as the first information resource.

• The subjective norm: Opportunistic practices overall are perceived as a valuable

method for accelerating the development process. As long as they do not impact

the overall quality of the developed solution, or do not have legal implications are

perceive as socially acceptable or even encouraged.

• Perception of control: Developer feels comfortable using on-line resources. They

admit that sometimes finding the solution to their problem is difficult and often

proves to be a challenge but they feel in full control of the search process. Apart

from the social and economic restrictions there are very little factors affecting

the controllability of the search process. As a consequence the level of perceived

control is highly correlated to the size and complexity of the work problem.

The analysis illustrated that because of high levels of attitudes towards opportunis-

tic practices, lacks of negative social norms and high perception of control, opportunis-

tic behaviours are a frequent response to relevant information especially for smaller

problems where those levels are even higher. The analysis carried out in User Study

2 revealed a number of moderating-factors that are affecting the extent to which the

developers engage in opportunistic behaviours, including:
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• Work/Non-work-related nature of the task/context

• Time and location

• Individual differences

• Stage of the project

• Task / Role / Archetype of behaviour

• Size/Complexity of the problem

The above were found to be the only factors to have a statistically significant effect

on the opportunistic behaviours.

7.2 Strengths

One of the strengths of the research discussed in this thesis is its very strong theoretical

as well as empirical foundation. The review of cognitive and IR literature carried out

in this work clearly illustrates the consistency of the cognitive mechanisms involved

in the everyday as well as information-related problem-solving and decision-making.

The thesis, through the user studies, provides additional empirical evidence supporting

author’s claim that the mechanisms responsible for human use of information are the

same as those responsible for all other decision-making and problem-solving tasks. The

experimental evidence supports this claim and gives high confidence that the results

of this work are indeed generalizable to other domains, user tasks and contexts. The

ability to support the results of this work with such a vast body of research give this

work significant theoretical advantage over other models of HIB and research design

methodologies.

Secondly, the use of the proposed framework, allows systematic investigation of the

level of behavioural variance explained by the identified moderating-factors. Obviously

the amount of variance that can be explained is limited and will indeed vary across

different tasks and contexts but the historical research as well as the results of this

work demonstrate that it is possible to predict more than 20%-30% of variance without

resorting to complex analysis and the introduction of any moderating-variables.
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Thirdly the work presented in this thesis provides a very clear and simple example

of how the proposed framework can be applied to the selection of the population, the

set of tasks, as well as the context in which the interaction takes place. Moreover the

analysis of software developer behaviour leads to very clear and concise conclusions

regarding the task-specific system design and implementation.

The thesis proposes a comprehensive framework entailing its steps and processes

involved in its application. Importantly the effectiveness of this framework is demon-

strated by applying this to a case study of software developers.

7.3 Weakness

The perceived limitation of the framework lies in the fact that it focuses on very narrow

user groups, tasks and contexts. Such a narrow focus of the framework simplifies the

design process considerably and allows for drastic reduction of behavioural variance

and number of moderating-variables to be taken into consideration. On the other hand

the results of the application of the framework from one domain, task and context

are not easily transferable to a different domain, task or context. One cannot simply

take the results of the work analysis of software developers performing their coding

activities and transfer it to (for example) a context of human resources workers. Those

two user groups work in a significantly different way and will be engaging in different

activities and different information behaviours will be repeatable/consistent. The re-

sults of framework application cannot even be easily transferable to other tasks that a

wider group of software engineers is carrying out such as technical specification design,

or preparing for workshops with customers. Even though both of those tasks might

involve a number of consistent behaviours most probably they will not be the same.

The research process (application of the proposed framework) for those activities has to

be repeated. Provided there is sufficient financial viability the process of redesign and

redevelopment of the end IR application has to be carried out again. The proposed

framework is highly generalisable though, as it is based on very basic and universal

cognitive mechanisms involved in the human decision-making process.

Another perceived limitation is related to the sample used for the behavioural anal-

ysis of developers’ behaviour. The sample consisted of very experienced software de-

velopers highly specialised in the use of .NET technologies and using only a single
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family of development tools. The results were not verified on other software developer

groups or on groups with significantly lower and/or higher expertise. This is a direct

consequence of time limitation of this thesis and the entire project as well as very high

cost of removing the human resources from their normal activities for the purpose of

experimentation. This is a part of the future work described in the next section.

Finally, the proposed framework cannot be treated as a development process. Trans-

formation of this framework into an easy and intuitive development process requires a

significant amount of work including documentation, preparation of training materials

and utilities. This work is significantly beyond the scope of this thesis.

7.4 Future work

The work carried out in this thesis is multidisciplinary and not only covers many areas

of research from cognitive psychology and IS&R research, but also owing to the source

of the funding, was significantly business driven. The work carried out during this study

revealed a significant gap not only between the Library Sciences and IR, which is well

acknowledged (Ingwersen and Järvelin, 2005a; Saracevic et al., 1997), but especially

in the wider context between Cognitive Psychology and IR. Modern cognitive theories

describing the problem-solving and decision-making process of human beings are very

well established and there exists a very significant potential for their application in

IR. This refers not only to the application of existing cognitive theories to the UI and

workflow design but also to the implementation of personalised IR and IS&R solutions.

The future work following up this research can be classified depending on the time-

scale of the planned effort:

• Current Work: For almost a year now the author of this research has been em-

ployed by Jaguar Land Rover research. At the moment the proposed framework is

applied or partially applied to 3 research projects focusing on information man-

agement and user behavioural profiling. One of which is Technology Strategy

Board funded and carried out in collaboration with Coventry University. The

second project is expected to be supported by further EPSRC funding (subject

to EPSRC approval).

At the moment of writing there is ongoing work for a patent publication and there

is already a paper awaiting publication for the patent submission.
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• Short Term:

The work which was carried out for the purpose of this thesis and Case Stu-

dentship resulted in a significant amount of cross-disciplinary literature that

was reviewed and organised. Similarly the description of the application of the

methodology to the group of software developers as well as the findings of current

projects (once protected by patents), are being collated and are planned to be

disseminated.

There is also a discussion taking place aiming to elect a number of PhD stu-

dents to follow the proposed methodology in their research in order to investigate

other IS&R domains and problem spaces. The above include the development of

personalised-systems for software development students and potential implemen-

tation of implicit-feedback based enterprise contact-exchange systems.

• Long Term:

The long term plan as well as the author’s personal ambition is to transform

the proposed framework into an easily applicable design methodology. And this

ambition is close to becoming a reality as a significant number of software com-

ponents that can be used together to deliver search and information management

utilities are already freely available on an open source or commercial basis. Us-

ing solutions such as Apache Solr/Lucene, Apache ManifoldCF, Apache Tika,

Apache Hadoop and Mahout search utilities can be very quickly and effectively

developed. What is missing is a methodology that would hide from the devel-

opers the complexity of the personalisation and contextualisation problem, and

help them focus on the key development activities.

In order to achieve the above there still needs a significant amount of effort to be

invested. In order to allow software development companies to develop effective

solutions as discussed in this thesis, without the need for a costly research process,

there is a need for the creation of an entire ecosystem of materials and support,

including:

– Further publications discussing empirical results of research containing: ex-

perimental case studies, processes employed during research, research find-
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ings, proposed system implementations and analysis of real-life system per-

formance.

– Creation of further tools, software utilities and documents supporting the

process and allowing non-research staff to gather basic information about

user groups and their activities as well as information-related behaviours.

– Creation of supporting training documentation (books/manuals) and organ-

isation of community focused support resources (website, blogs, Wikipedia

entries) as well as commercial support and consulting services.

– Dissemination not only in the IS&R community but also in the significantly

wider software-development world. What is even more important is the

dissemination across companies who are struggling with the complexity of

information management. There is a need to systematically inform key busi-

ness stakeholders about the size and nature of the information management

and retrieval problem, as well as inform them about a wide number of solu-

tions which can be applied to the problem.

Hopefully, carrying out the above activities will allow for the systematic devel-

opment of highly-personalised IS&R utilities by non-research specialised software

engineers and significantly simplify the design and development process.
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Chapter 7: Summary

The results of User Studies supported the hypothesis of HIB consistency. Furthermore

they have supported the hypothesis of consistency of software engineers’ information

behaviour.

Human consistency is highly dependent on a significant number of moderating-factors

and high levels of predictive validity can currently only be achieved through the analysis

of clearly defined actors carrying out repeatable tasks in fixed contexts.

The proposed ”Integrated Framework for HIB in-situ” proved to be effective in identi-

fying the consistent behaviours as well as identifying the moderating-factors responsible

for a big proportion of behavioural variance.

The proposed framework was successfully applied to the problem of HIB of software

engineers. It allowed for an identification of a number of behaviours highly correlated

to relevance as well as the factors moderating this behaviour.

The proposed framework is very task/actor/context sensitive (hence the name: HIB

in-situ). The framework is highly generalisable and because its foundations in ”Theory

of Planned Behaviour” it can be applied to any task/actor/context group. The results

of the application of the framework to a certain group are specific to that group only

and can not be transferred to a different group of without further reapplication of the

framework.

Future work focuses on the further implementation of software developer focused

information-management utilities and the application of the proposed framework to

other information-demanding actor groups/ tasks.

Table 7.1: Summary of chapter 7
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Appendix A

User Study 1 Materials

A.1 Introduction

This appendix presents the key research materials used during the User Study 1. The

appendix provides copies of the:

• Screening questionnaire

• Checklist used during the interview

• The diary material provided to the experiment users

• Checklist used for the purpose of the closing interview

• Miscellaneous documents including the experiment-consent and ethics-related

documentation

A.2 Screening questionnaire

The goal of the screening questionnaire was to ensure that the study participants elected

for the study meet very limited study requirements (mainly ensuring that the partici-

pants actually use the Internet). The secondary goal of the questionnaire was to capture

basic demographic information about the users in order to get a better picture of the

population.
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Figure A.1: Screening Questionnaire 1 - Page 1 of the User Study 1 screening ques-

tionnaire
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A.2 Screening questionnaire

Figure A.2: Screening Questionnaire 2 - Page 2 of the User Study 1 screening ques-

tionnaire
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Figure A.3: Screening Questionnaire 3 - Page 3 of the User Study 1 screening ques-

tionnaire
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A.3 Interview Checklist

The goal of the check-list was to guide the interview process and to provide rich ma-

terials that were designed to aid the interaction between the interviewer and the inter-

viewee. When discussing the interview process it is important to note the three goals

that the interview was intended to achieve:

• The primary goal of the interview was to capture initial and basic understanding

of the way people interact with information resources. The checklist was used

during the interview to try to analyse the key information routines of the user.

A calendar captured the date and time where interactions occurred, which was

supported by a map showing the particular location. Through the process of the

interview and all the information captured from the checklist, calendar and map

the rationale for the choice of location and the reasons for the choice could be

established. This review would effectively allow the behaviour and the factors

affecting the behaviour to be analysed.

• The secondary goal of the interview was to ensure that participants understood

the questions and there were no doubts around the experimental process. In order

to make sure that the experiment documentation was clear it was first reviewed

with a group of 3 independent participants.

• The third goal of the interview was to ensure that the diary information was cap-

tured in a wider range of information-interaction contexts. During the interview

the first page of the diary was populated (interaction map) and the key places

where internet access occurred were clearly marked. Study participants were also

encouraged to provide diary entries also to record the locations.
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Figure A.4: Interview Checklist 1 - Page 1 of the User Study 1 interview check-list
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A.3 Interview Checklist

Figure A.5: Interview Checklist 2 - Page 2 of the User Study 1 interview check-list
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Figure A.6: Interview Checklist 3 - Page 3 of the User Study 1 interview check-list
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A.3 Interview Checklist

Figure A.7: Interview Checklist 4 - Page 4 of the User Study 1 interview check-list
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A.4 Diary Study

The diary was completed by the participants in their free time during the everyday or

work-related information interaction. Some of the sections though were filled-in during

the interview. The goal of those sections, apart from maintaining the user information

was also to discipline the action of the user to ensure that the tasks performed as well

as the location where it occurred were properly recorded.

Since a significant number of internet activities were highly repeatable (e.g. checking

on-line email clients, reading the on-line news or writing on Facebook) those activities

were captured through single diary entries. Participants were asked to only annotate

the repeatable entries with dates/times of interaction.

Similarly a proportion of the activities spanned a significant amount of time and

accounted for a very high number of search queries. For those activities participants

were encouraged to write on the back side of the diary page with the detailed description

of the activity intentionally left blank.

It is also important to note that the extract below does not show the full diary

content which for the purpose of the study contained multiple copies of pages 6 to 9.
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Figure A.8: Diary Study 1 - Page 1 of the User Study 1 diary materials
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Figure A.9: Diary Study 2 - Page 2 of the User Study 1 diary materials
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A.5 Closing Interview

Figure A.10: Diary Study 3 - Page 3 of the User Study 1 diary materials

A.5 Closing Interview

The goal of the closing interview was to ensure that the entire process had been per-

formed correctly and to gather additional feedback and user observations. Since the

users were compensated for participation in the studies, there was a reward for the most

comprehensive diary and the financial/ contractual matters also had to be completed

during the final interview. This involved checking the quality of the diary and briefly

reviewing the content and any process-related difficulties.
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Figure A.11: Diary Study 4 - Page 4 of the User Study 1 diary materials
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A.5 Closing Interview

Figure A.12: Diary Study 5 - Page 5 of the User Study 1 diary materials
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Figure A.13: Diary Study 6 - Page 6 of the User Study 1 diary materials
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A.5 Closing Interview

Figure A.14: Diary Study 7 - Page 7 of the User Study 1 diary materials
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Figure A.15: Diary Study 8 - Page 8 of the User Study 1 diary materials

252



A.5 Closing Interview

Figure A.16: Diary Study 9 - Page 9 of the User Study 1 diary materials
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Figure A.17: Closing Interview 1 - Page 1 of the User Study 1 closing interview
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A.5 Closing Interview

Figure A.18: Closing Interview 2 - Page 2 of the User Study 1 closing interview
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Figure A.19: Closing Interview 3 - Page 3 of the User Study 1 closing interview
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A.6 Consent form

The attached consent form was a mandatory part of the Coventry University ethical

approval process.

Figure A.20: Consent Form 1 - Page 1 of the User Study 1 consent form
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Figure A.21: Consent Form 2 - Page 2 of the User Study 1 consent form
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A.6 Consent form

Figure A.22: Consent Form 3 - Page 3 of the User Study 1 consent form
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Figure A.23: Consent Form 4 - Page 4 of the User Study 1 consent form
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A.6 Consent form

Figure A.24: Consent Form 5 - Page 5 of the User Study 1 consent form
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Figure A.25: Consent Form 6 - Page 6 of the User Study 1 consent form
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User Study 2 Materials

B.1 Introduction

This appendix provides experiment materials used during the User Study 2. It provides

the copies of:

• Experimental questionnaires

• Materials supporting the interview process

• Experimental consent documentation

B.2 Questionnaire

The questionnaire in contrast to the screening questionnaire in the User Study 1 played

a primary role in User Study 2. Even though it captured the key attributes of the

experiment participants the goal of the questionnaire was to reveal and confirm the key

initial assumptions about software developer information behaviour extrapolated from

the literature review. The questionnaire was supposed to be a quick and inexpensive

method for confirming key HIB and create solid foundations for further work, in this

case the User Study 2 interview.
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Figure B.1: Questionnaire 1 - Page 1 of the User Study 2 questionnaire
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B.2 Questionnaire

Figure B.2: Questionnaire 2 - Page 2 of the User Study 2 questionnaire
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Figure B.3: Questionnaire 3 - Page 3 of the User Study 2 questionnaire

266



B.2 Questionnaire

Figure B.4: Questionnaire 4 - Page 4 of the User Study 2 questionnaire

267



B. USER STUDY 2 MATERIALS

B.3 Interview

The goal of the interview was to revisit the key methodological questions and pro-

vide additional insight into the information retrieval and management process to guide

further IR tool development process.

Figure B.5: Interview Schedule 1 - Page 1 of the User Study 2 interview schedule
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Figure B.6: Interview Schedule 2 - Page 2 of the User Study 2 interview schedule
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Figure B.7: Interview Schedule 3 - Page 3 of the User Study 2 interview schedule
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B.3 Interview

Figure B.8: Interview Schedule 4 - Page 4 of the User Study 2 interview schedule
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Figure B.9: Interview Schedule 5 - Page 5 of the User Study 2 interview schedule
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B.4 Consent Form

User Study 2 consent form had a dual purpose. First of all it was a formal requirement

of the Coventry University ethical approval process. Secondly it was key document

that was used to explain the experimental procedure to the participants.

Figure B.10: Consent Form 1 - Page 1 of the User Study 2 consent form
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Figure B.11: Consent Form 2 - Page 2 of the User Study 2 consent form
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Figure B.12: Consent Form 3 - Page 3 of the User Study 2 consent form
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User Study 3 Materials

C.1 Introduction

This appendix presents the key research materials used during the User Study 2 as well

as very high level architectural overview of the developed experimental software. The

appendix provides copies of the:

• Screening questionnaire

• Experiment description and consent documentation

• Overview of the experimental system architecture

C.2 Screening Questionnaire

The nature of software development processes and in more detail its organisation posed

a real life challenge to the project. Software developers within the collaborating com-

pany engaged in a wide variety of activities (as expected based on the literature review)

and proportion of them rarely delivered any actual source code. The developers that

did develop code were engaged in the development of multiple distinct technologies, and

used various development utilities, and quite frequently distinct development languages

(C#, JavaScript, SQL variants and occasionally other) as well as a wide range of other

content description languages (such as multiple variants of XML or HTML). To make

matters even more complex developers rarely developed directly on their own machines

but took extensive advantage of virtualisation (having multiple virtual machines for
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different projects and technologies) and more and more frequently working directly on

remote servers hosting their environments (due to significant requirements of the tech-

nology based on which they were working). As a consequence it became apparent that

it would not be possible to automatically observe the behaviour of all of the employees

as for example it would not always be possible to install the observational software on a

significant amount of virtual machines or give them access to the network. Similarly it

was not practical to try to develop observation extensions for all possible development

tools and browsers.

The above led to the development of the screening questionnaire illustrated below.

C.3 Consent Documentation

Since User Study 3 was not obstructive and did not require any active participation

from the users it was essential to provide the experiment participants with a level of

comfort and control. In order to achieve that, quite extensive consent documentation

and experiment description was created.

The documentation not only goes into a lot of detail about how the information

would be captured, pre-processed, transported and stored but also discussed exactly

how it would be analysed and what would and would not be done with the data.

It was also essential to make sure that the experiment participants understood and

accepted the level of engagement in the process. Even though, as mentioned earlier,

the experiment did not require their intervention it was highly likely that the software

would require maintenance during the experimentation (owing to its limited quality

caused by the limited amount of development / test time that could be invested).

Similarly to User Study 1 the participation in the experiment was compensated so

the documentation also formed a binding agreement and was a part of the financial

process with the participant.
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Figure C.1: Screening Questionnaire 1 - Page 1 of the User Study 3 screening ques-

tionnaire

279



C. USER STUDY 3 MATERIALS

Figure C.2: Screening Questionnaire 2 - Page 2 of the User Study 3 screening ques-

tionnaire
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Figure C.3: Screening Questionnaire 3 - Page 3 of the User Study 3 screening ques-

tionnaire
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Figure C.4: Consent Documentation 1 - Page 1 of the User Study 3 consent docu-

mentation
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Figure C.5: Consent Documentation 2 - Page 2 of the User Study 3 consent docu-

mentation
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Figure C.6: Consent Documentation 3 - Page 3 of the User Study 3 consent docu-

mentation
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Figure C.7: Consent Documentation 4 - Page 4 of the User Study 3 consent docu-

mentation
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Figure C.8: Consent Documentation 5 - Page 5 of the User Study 3 consent docu-

mentation
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Figure C.9: Consent Documentation 6 - Page 6 of the User Study 3 consent docu-

mentation
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Figure C.10: Consent Documentation 7 - Page 7 of the User Study 3 consent docu-

mentation
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Figure C.11: Consent Documentation 8 - Page 8 of the User Study 3 consent docu-

mentation
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Figure C.12: Consent Documentation 9 - Page 9 of the User Study 3 consent docu-

mentation
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Figure C.13: Consent Documentation 10 - Page 10 of the User Study 3 consent

documentation
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Figure C.14: Consent Documentation 11 - Page 11 of the User Study 3 consent

documentation
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Figure C.15: Consent Documentation 12 - Page 12 of the User Study 3 consent

documentation

293



C. USER STUDY 3 MATERIALS

Figure C.16: Consent Documentation 13 - Page 13 of the User Study 3 consent

documentation
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C.4 System Architecture

The final section of this appendix illustrates the architecture of the solution utilised for

the purpose of experimentation.

Figure C.17: Experimental System Architecture - The graphical illustration of the

architecture of the software utilised during User Study 3
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