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Abstract

Transparency has the meaning of making information visible to people. Good trans-

parency enhances the reputation of organisations and enables people to make informed

decisions. Transparency is widely used in software engineering, but it is unclear how the

concept of transparency might help software development. Two questions inspire this the-

sis: What is transparency in software engineering? How useful is transparency to software

development?

Current definitions in software development lack specific measurable characteristics

and ways to measure transparency. We propose an introductory definition of transparency

as it relates to software development: the degree to which stakeholders can answer their

questions by using the information they obtain about a software system during its life

cycle. This definition rests on three attributes: accessibility, understandability, and rel-

evance. These attributes affect stakeholder's ability to see the information necessary to

achieve their goals.

We use evidence from an exploratory survey which asks software practitioners their

personal opinions about transparency. We also collect evidence from a controlled exper-

iment which compares two software artefacts with different degrees of transparency in

presenting functional requirements to software practitioners and tertiary students. This

experiment enables us to test how useful transparency is in requirements engineering.

The results from the exploratory survey reveal that software practitioners encounter

transparency problems during communication in their software projects. The findings

from the controlled experiment illustrate that a more transparent software artefact is more

effective in presenting functional requirements than a less transparent software artefact.

Future research in this area will give software developers a diagnostic framework which

enables them to articulate transparency problems and to improve communication in the

software life cycle.
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1
Introduction

The term ``transparency"" appears in many areas with different implications. Organisa-

tions emphasise transparency to promote open information and operations. For example,

Microsoft's Open Government solution [75] makes information transparent for government

agencies and citizens. Transparency in this example implies that government agencies and

citizens can see the government's information.

Transparency on the other hand implies a process is not easily seen or noticeable, which

is useful to distributed computing. A guideline for configuring a transparent process in

the DCS (Distributed Connectivity Services) by Microsoft illustrates transparency. The

DCS provides an infrastructure and tools for building distributed service solutions [76].

A transparent process in the context of the DCS ``executes silently"" when an operation is

invoked [77].

Transparency also appears in software engineering with different implications. In

many software engineering-related areas, transparency generally refers to a product or a

development process's visibility to stakeholders. For example, Scrum, an agile software

development methodology, highlights the value of transparency. Transparency in Scrum

concerns making a development process visible to observers [97]. In code inspection,

transparency is about a user's ability to look into the source code if he or she encounters

a problem [71]. Moreover, according to the Software Engineering Body of Knowledge

(SWEBOK), transparency is one of the principles for guiding the SWEBOK project,

1



2 Introduction

where

``the development process is itself documented, published, and publicized so

that important decisions and status are visible to all concerned parties"" [1].

Similarly, according to Ghezzi et al. [48], transparency or visibility is a quality in which

``a development process is visible if all of its steps and its current status are

documented clearly.""

In seeming contradiction, transparency refers to a computational process or artefact

is unnoticeable. For example, according to the Oxford Dictionary of the Internet [54],

transparency is a property that ``makes the user of a network unaware of the fact that they

are interacting with a network"". Similarly, transparency in distributed systems implies

that users cannot distinct access to local resources from access to remote resources [108].

Examining how the term ``transparency"" is defined in different areas reveals the com-

plexity of the concept of transparency. Different implications of transparency can be

useful to various aspects of software engineering. In particular, transparency with the

implication of visible information can be useful to improve the software development

process. A lack of transparency can hinder communication among stakeholders during

software development. For example, project managers might become concerned if the

software developers were not transparent about their work. The project managers might

be unable to make decisions if they could not be certain that the software developers were

working according to the plan. The project managers would need to talk to the software

developers again to find information necessary to make decisions. This in turn affects the

project progress.

The above example illustrates the project managers' need to know during the software

development process. Transparency's implication of visible information is important to

project managers because they can see information about the work done by software de-

velopers and make decisions based on what they see. Transparency with the paradoxical

implication of unnoticeable information is undesirable for project managers in the ex-

ample as they need information from software developers to make meaningful decisions.

Therefore, to satisfy project managers' need to know, it is important for software devel-

opers to make information visible to project managers. Project managers can acquire or

receive information via some communication channels provided by software developers.

In this thesis, we focus on exploring transparency with the implication of the infor-

mation about a product, a development process etc., is visible to any stakeholders. The

concept of transparency in this thesis generally refers to the meaning of making informa-

tion visible to stakeholders.
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However, there exists very little investigation of how the concept of transparency

could aid software development. Current definitions of transparency are inconsistent in

the literature. It is unclear what transparency is improving or how transparency is as-

sessed in software engineering. In addition, the term ``transparency"" or ``transparent""

appears in much software engineering literature without a proper definition. For exam-

ple, Paul and Tanenbaum [86] present an approach for a trustworthy electronic voting

system which is based on ``the use of open source software, transparent procedures, and

simple cryptography"". Paul and Tanenbaum do not define what transparent procedures

are, but the context suggests that people can see the procedures involved in implement-

ing an electronic voting system. Similar examples of the usage of ``transparency"" can

be found in papers on social software engineering, information privacy, and graphical

programming [66, 83, 87, 90, 121].

In this thesis, we explore two questions: What is transparency in software engineer-

ing? How useful is transparency to software development? We use notions of accessibility,

understandability, and relevance as they relate to transparency. These three attributes

are important to achieve transparency in software engineering. We believe that if de-

velopers explicitly think about the concept of transparency can improve communication

with other stakeholders during the software life cycle. The concept of transparency can

reduce problems with communicating information in software systems and projects.

1.1 Problems with Communicating Information

A lack of transparency can affect communication of information to stakeholders during

software development. Before discussing how transparency affects communication, we

first present examples of problems with communicating information in software systems

and projects.

In software systems and projects, examples abound of famous failures that led to

disastrous consequences. For example, the computer system developed for the London

Ambulance Service (LAS) in 1992 failed in less than two days of operation. Problems

in the system caused delays in dispatching ambulances. As a consequence of ambulance

delays, people died [44].

Failures in software systems have also incurred large financial costs to governments and

organisations. To illustrate, the Ariane 5 rocket failure in 1996 cost USD\$350 million [18].

A software exception caused the failure, where the rocket broke up and exploded about

40 seconds after initiation of the flight sequence [65].

Similarly, failures in software projects cost governments and organisations greatly. The
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cost of the INCIS project for the New Zealand Police in the 1990s incurred a cost of over

NZD\$100 million. The goal of the project was to develop a system that provided criminal

information for the police. However, the system was abandoned before completion [32,

103].

Examining failures in software systems and projects reveals many different factors

contributing to software project failures. Some of the common factors include unrealistic

or unarticulated project goals, badly defined system requirements, poor reporting of the

project's status, and poor communication among customers, developers, and users [18].

Verner et al. [118] discuss a similar set of failure factors such as uninvolved stakeholders,

vague requirements, and no intra-team communication. In information system failures,

Lyytinen and Hirschheim [68] identify 16 failure classes which include technology prob-

lems, data problems, complexity problems, and communication problems.

The above examples and research show information about a software system or a

software project is important for helping stakeholders achieve their goals. Stakeholders

use information to learn how a software system works and to perform tasks on that

system. Furthermore, stakeholders use information to manage software projects and to

make decisions about the functionality of a software system. However, it is not always

easy for stakeholders to acquire or receive the information necessary to achieve their goals.

Often identifying and acquiring the information stakeholders need to achieve their

goals is the difficulty. For example, project managers might not be able to find the real

project status because people tried to cover bad news about the software project [110].

The LAS system in 1992 faced such a problem as no exception reports about the system

existed. To mitigate the risk of covering up bad news, people disclosed problems in the

1996 turnaround project for the LAS system [41]. Other issues also affect stakeholders'

ability in acquiring the information that they need. For example, software developers

might not be available to answer clients' questions immediately due to disparate locations

of developers and clients.

Another problem with information in software systems and projects is the difficulty in

understanding information by stakeholders. Non-expert stakeholders might find technical

details about a software system difficult to understand. This problem could cause negative

feelings about a software system such as stakeholders' feelings of alienation about the

software and feelings of discounting their concerns [68]. Information such as business

requirements might also be difficult to understand by software developers who are not

expert in the problem domain. This could prevent software developers from creating

systems that satisfy stakeholders' needs.

Stakeholders could also face problems in identifying the relevant piece of information

they need to achieve their goals. Problems occur when there is too much information
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available or when the information that stakeholders need is stored in disparate locations.

These situations might cause stakeholders to overlook important parts relating to their

need, which in turn could lead to ``inefficient use of decision-making time"" [39].

These examples show that stakeholders have problems with accessing, understanding,

and identifying information relevant to their interests. These problems are concerned

with accessibility, understandability, and relevance of information, which affect the de-

gree of transparency in the information communicated to stakeholders. If information is

transparent, stakeholders should easily see the information that they need to answer their

questions.

Before we explore what transparency is, we first present an overview of communication

in software engineering in the following section. The purpose of the overview is to help

readers understand how transparency is related to communication in software engineering.

We also present a simple communication model for describing transparency in the context

of communication in Section 1.3. In addition, we discuss communication problems using

the simple communication model in Section 1.4.

1.2 Communication in Software Engineering

Communication, according to the Oxford Dictionary of English, is

``the imparting or exchanging of information by speaking, writing, or using

some other medium"" [106].

Communication is important for developing software systems [118]. It is also an im-

portant aspect for user participation in the development of information systems [51].

Communication in software engineering is generally considered as stakeholders commu-

nicating with each other directly or through some medium during the development of a

software system. For example, according to Hartwick and Barki [51], a communication

activity is

``the performance of information exchange activities as users communicate

formally and informally with other participants.""

Communication activities occur in different ways in a software project and include

face-to-face discussions, group meetings, and formal documentation. The purpose of

communication differs depending on the type of stakeholders involved in a communication

activity. Different stakeholders are interested in different aspects of a software system.

Different types of stakeholders are involved in a software project. Poole [88] divides the

stakeholders into two main groups:
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\bullet Stakeholders from professional services such as software engineers, project managers,

quality assurance engineers, and user interface designers.

\bullet Stakeholders for clients such as project champion, users of a software system to be

developed, and marketing directors.

The purpose of communication also differs depending on the phase of a software life

cycle. For example, at the initial stage of software development, members of a software

design team need to acquire information from sources such as documentation, formal

training sessions, and other project members [119]. In the requirements engineering phase,

Coughlan and Macredie [24] classify communication activities based on the discussion by

Walz et al. [119]. These activities are knowledge acquisition, knowledge negotiation, and

user acceptance. This classification suggests that project members in the requirements

engineering phase not only need to acquire information for the project, they also need to

negotiate requirements with other stakeholders. Project members need to make sure that

stakeholders accept the requirements after the negotiation of requirements.

Each communication activity in a software project has a different purpose; these pur-

poses depend on the type of stakeholders involved in the communication activity and the

phase of the software life cycle. Three reasons underpin the purpose of communication

as Da Silva and Agusti-Cullell [29] describe them in the context of artificial intelligent

systems. These three reasons, discussed below, are relevant to agents in the software

development project.

1. Communication to explain.

In a communication to explain, an agent (sender agent) is explaining some aspects of

the reality to another agent (receiving agent) who has no direct access to the reality.

In Da Silva and Agusti-Cullell's model, agents are people who are ``temporally and

physically situated"". The receiving agent connects with an artificial information

system proposed by the sender agent to connect with the reality. An artificial

information system or a model is a ``simplification of the reality as perceived by the

agent who formulates it, based on an information system"".

An example of communication to explain is when a client of a software project is

interested in knowing the current status of this project. The client is the receiving

agent and the project manager can be the sender agent. The client may use a

progress report prepared by the project manager to understand the current project

status.
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2. Communication to command.

In a communication to command, an agent has ``a goal to reach and looks for

instructions to act in order to reach its goal [in] the most effective way"". Here,

the agent is a receiving agent who receives instructions from a sender agent. The

receiving agent attempts to modify some aspects of the reality to achieve his or her

goal using the sender agent's artificial information system. The sender agent may

be someone who has a similar goal and has recorded information about an artificial

information system. The sender agent may also be someone who is the expert in

the field of interest of the receiving agent. The expert sender agent has direct access

to a part of the reality which is relevant to the receiving agent's goal. Therefore, as

explained by Da Silva and Agusti-Cullell, the success of communication to command

depends on

``how well the reality of interest for the receiving agent matches with the

one conveyed in the artificial information system proposed by the sender

agent, as well as how precise are the mutual presuppositions of the sender

and the receiving agent.""

An example of communication to command in the context of software engineering

is when a software developer aims to develop a software system that meets client's

requirements. The software developer is the receiving agent for a requirements

specification, which is an artificial information system from a requirements engineer

(the sender agent). The software developer in this example develops a software

system using the requirements specification. The requirements specification should

reflect the client's requirements.

3. Communication to satisfy.

In a communication to satisfy, an agent is attempting to use an artificial information

system that conveys a virtual reality. The agent is a receiving agent who uses the

artificial information that is created by a sender agent. For example, the receiv-

ing agent may be an end user of a software system and the sender agent may be

the software developer of the software system. The sender agent should have an

appropriate understanding of the receiving agent so that the artificial information

system satisfies some desires or needs of the receiving agent. The receiving agent

also knows and accepts the sender agent before adopting the artificial information

system.

An example of communication to satisfy in the context of software engineering is
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when end users accept a software system which is implemented by software devel-

opers. The end users then attempt to use the software system to satisfy their needs

according to the behaviours of the software system.

Communication in software engineering involves various stakeholders who have dif-

ferent intents. The type of information acquired or received by stakeholders depends

on the stakeholders' purpose of communication. The concept of transparency is useful

to the sender agent for fulfilling the purpose of communication and is useful to stake-

holders regardless of the reasons to communication. If information is not transparent

to stakeholders who are receiving agents, they will not understand the information and

be unsatisfied. Stakeholders are unable to communicate to explain, to command, or to

satisfy when they cannot obtain or understand the artificial information system that the

sender agent has prepared. Moreover, communication cannot be successful if the artificial

information system is not relevant to stakeholders.

To describe what is involved in communication to achieve transparency for software

development, we present a simple communication model in the following section. The

following section enables readers to understand basic components of communication that

are important to software engineering.

1.3 A Simple Communication Model

A simple communication model helps us to discuss communication problems in terms of

the main components of communication. The model helps us to see how transparency is

relevant to communication in software development. The simple communication model

is based on Shannon's mathematical theory of communication [99]. Figure 1.1 illustrates

the simple communication model. It has three main components:

1. Sender.

A sender does the transmitting in a communication system. The sender can produce

a suitable signal and provide a channel for sending messages. The sender can also be

the source that originates a message or a sequence of messages. A message is some

information that a sender has in his or her mind that the sender wishes to convey

to a receiver. A signal is a message translated from the sender's mind into verbal,

written, or recorded information. In this thesis, we focus on the signal transmitted

in a communication channel. We use the term ``information"" for referring to signals

produced by senders.
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Figure 1.1: A simple communication model.

2. Channel.

A channel is the medium for a sender to send signals. It is the means for conveying

information from a sender to a receiver. Examples of channels are print media,

individuals, and electronic files. According to Case [16], ``different sources can in-

habit one type of channel."" For example, if someone reads a printed document, the

channel is the document and the sources are the authors of that document.

3. Receiver.

A receiver receives signals from a sender via a channel. The receiver has a set of

questions in his or her mind. The questions concern the purpose of communication

between the sender and the receiver. The receiver then reconstructs messages from

the signals received to answer his or her questions.

As illustrated in Figure 1.1, communication, in the simplest terms, involves a sender

passing information to a receiver via a channel. The receiver seeks answers to their

questions. For example, a software developer is developing a software system that meets

the client's requirements. This is an example of communication to command as discussed

in the previous section. The receiver in this example is the software developer, and the

sender is the requirements engineer who is eliciting requirements for a software system.

The requirements engineer (sender) produces a requirements specification document which

in turn is the communication channel for conveying requirements to the developer. The

developer might have questions such as, ``What are the functional requirements for the

system?"" The developer then looks through the document to answer his or her questions.

In some cases, information is not sent directly to the receiver but is available in some

repository. The receiver needs to access the repository to retrieve information. This

suggests that the receiver will need to look for the repository and request information

from the repository. The receiver might then need to wait for the repository to reply.

The reply from the repository might become obsolete if the receiver does not receive
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the reply in time for completing his or her tasks. In the simple communication model,

the repository is treated as the sender of information. Unlike the above example, where

the information is pushed to the receiver, the receiver tries to pull information from the

repository by first sending a request to the repository.

In the following section, we present an overview of problems relevant to communication

in software engineering. We also discuss communication problems with respect to the

simple communication model.

1.4 Communication Problems in Software Engineer-

ing

In this section, we discuss communication problems in software engineering using the sim-

ple communication model. The simple communication model involves a sender, a receiver,

and a channel to transmit information. To achieve an effective communication, accord-

ing to Cerri [17], the sender should match the receiver's structure of reality. The sender

should also check whether the message received by the listener (receiver) is as intended.

An effective communication, as explained by Cerri, is ``the ability to communicate so

that the listener's [(receiver)] `filters' are not engaged..."" Cerri explains that each person

collects data about the world from his or her senses and integrates the data into a ``map""

of reality. People use their map of reality to make decisions and to filter information

from the world. Deletion, distortion, and generalisation of information could hinder the

effectiveness of communication as they change what is intended in the communication.

According to Lyytinen and Hirschheim [68], distortion of information is an especial

problem in information systems. Information, or data, could distort the true picture of an

organisation. This in turn might lead users to take inappropriate actions. Furthermore,

information could be incorrect or lack relevance due to wrong classification schemes and

measurement categories. These problems hinder users in realising their expectations in the

use and the maintenance of information systems. In the simple communication model,

distortion of information could occur at the sender side. The sender may send only

parts of the true pictures to receivers. The sender could also distort facts by sending

misrepresented data to receivers. In addition, the sender could produce information that

is inaccurate or irrelevant to the receiver. In such cases, the sender does not intend to

distort the information.

Another problem from the sender side is associated with missing or inaccessible data.

For example, rationales for the decisions during the requirements engineering phase might

not be recorded [2]. Data could become impossible to access in a cost-effective manner [68].
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These problems would hamper the receiver from acquiring information from the sender.

Stories of retrieval issues for the receiver are found in studies on how engineers com-

municate with others. According to Hertzum and Pejtersen [52], quick and easy access of

information is important for engineers to choose which channels when they seek informa-

tion. Hertzum and Pejtersen also discuss barriers that affect engineers' choice of channels

for written and verbal information. Example barriers for finding written information in-

clude cost in time, irrelevant information, and poor availability of information. Example

barriers that affect engineers' choice of verbal information include cost in time and too

much effort required to involve the other party. In addition, information might be too

general or irrelevant to address engineers' problems. Moreover, the engineer's experience

with the source affects the perception of accessibility of an information source. Tenopir

and King [111] summarise that the choices of ways engineers communicate depend on

``the perceived likelihood of success within an acceptable time period and on

perception of relative accessibility, cost (i.e., time and expenditure), and effort

necessary to obtain the information"".

Too much information also affects receivers' ability in finding answers to their ques-

tions. This problem can be found in the requirements engineering phase, for example,

where programmers have to interpret raw natural language. In the interviews conducted

by Al-Rawas and Easterbrook [2], one programmer complained that instead of reading a

diagram or formal notation, he had to read a large amount of text to understand a single

requirement.

At the other end of the communication model, receivers may misunderstand infor-

mation, a common problem in software projects. A change in scope, an incomplete

description of the project, or a difference of opinion among stakeholders could cause

misunderstandings on a project [88].

The communication channel could also affect the receiver's ability to find answers

to his or her questions. For example, in large software projects, documentation is one

form of communication among individual project members as well as between succes-

sive teams [27]. It is a one-way communication channel in the requirements engineering

phase [2]. However, documentation is often ineffective for communication as it is dif-

ficult to resolve misunderstandings between stakeholders. Moreover, documentation is

often late and incomplete. The formats used in documentation might be insufficient for

communicating some design information. In some cases, some information might not be

recorded because of schedule pressures [27].

Incomprehensible information and the use of unfamiliar language are also problems

that affect the receiver's ability in having their questions answered. For example, a com-
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munication difficulty during the requirements engineering phase is related to the notations

used for requirements specifications. Problems such as misunderstanding of requirements

occur when different groups of stakeholders are unfamiliar with the notations used to

model the requirements [2]. Al-Rawas and Easterbrook [2] found that 86\% of devel-

opers commented that their customers would normally need additional explanation in

order to understand the notations used to specify requirements. Similarly, communica-

tion problems occurred when one party could not understand the terminology used for

communicating technical matters during requirements elicitation [93]. These problems

suggest that the receiver in the simple communication model could not understand the

information received and consequently could not have his or her questions answered.

In summary, there are different types of communication problems in software engi-

neering that affect the receiver's ability in finding answers to his or her questions. The

sender and the communication channel affect how well the receiver answers his or her

questions. To reduce communication problems, the concept of transparency would be

useful for improving the information presented in the communication channel. When

the sender communicates to the receiver with the concept of transparency in mind or

utilises the concept of transparency during communication, the receiver can access and

understand the information that they need to answer his or her questions.

1.5 An Overview of ``Transparency""

Transparency is a term that appears in various contexts such as business, computing, and

public participation. The definition of transparency differs depending on the context. A

quick search in Oxford Reference Online returns 42 results relating to ``transparency"".

These results contain definitions as well as subject references in science, philosophy, busi-

ness, law, and computing. For example, the first definition of transparency, according

to the Oxford Dictionary of English, is ``the quality or condition of being transparent;

perviousness to light; diaphaneity, pellucidity."" [106].

Transparency as a physical object refers to a piece of photographic film used for pro-

jecting pictures. It is also the quality of an object such as glass which can be seen through.

Transparency in science refers to the degree to which a medium allows radiation to pass

through [4, 35]. Transparency in business and law has the notion of information openness,

which suggests that information in a transparent document or process is available and

visible [15, 62, 78]. On the other hand, transparency in distributed computing suggests

that users are unaware of the computational process or artefacts [54, 108].

Transparency is an important principle for organisations, particularly for governments
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and large corporations. Transparency influences the success, reputation and credibility

of organisations [84]. Transparency is also a criterion for evaluating the effectiveness of

public participation [10, 91]. Organisational transparency connotes information openness,

which is important for making information about governments and organisations visible

to the public. It enables the public to see the outcome of public participation.

Transparency is also an ethical principle for organisations. Discussions of ethics and

transparency are found in a special issue of Ethics and Information Technology [116].

Transparency is important for enhancing public acceptance and for demonstrating fair-

ness of organisations in decision-making. Transparency implies the quality of a process,

statement, or information being easily understood or recognised.

In software engineering, the term ``transparency"" generally refers to the notion of

information being visible or open to stakeholders. It is now an important concept in

software development. This notion of transparency helps stakeholders to make decisions

based on the information disclosed [11, 48]. It is also a virtue for providing assurance to

people and for increasing people's confidence and trust in organisations [28, 73, 74].

The notion of information being visible or open to stakeholders is useful in software

engineering. It is related to one aspect of communication activities in the software life cy-

cle, which is important to the success of software projects. The main goal of transparency

is to make information visible to stakeholders so that they can evaluate a software system

or to make decisions based on the visible information.

In the simple communication model, transparency implies that the receiver should be

able to answer his or her questions using the information from the channel. The receiver

encounters transparency problems when he or she cannot understand the information that

he or she needs from the communication channel. However, how the receiver understands

information is ambiguous. It is also unclear how the sender or the channel should make

information transparent to the receiver.

In this thesis, we explore notions of transparency and evaluate its usefulness in the

context of software engineering. The following section presents our research questions and

research approach.

1.6 Research Approach

The goal of the thesis is to conceptualise transparency in the software engineering context.

We aim to collect evidence to answer three questions about transparency and its usefulness

in software engineering. We believe that accessibility, understandability, and relevance

are important for achieving transparency in software development. We also believe that
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transparency is a useful concept that helps stakeholders to see the information necessary

to achieve their goals. If the sender of information communicates to the receiver with the

concept of transparency in mind, the information communicated to the receiver can be

improved. The receiver can access and understand the information needed to answer his

or her questions. A formal definition of transparency will enable a diagnostic framework

based on the definition. This framework will help developers to articulate problems with

communicating information in software systems and projects.

This thesis aims to answer the following research questions:

\bullet RQ1. How much does the term ``transparency"" occur in the software engineering

literature?

\bullet RQ2. What is the concept of transparency in the software engineering context?

\bullet RQ3. How important is the concept of transparency to successful software develop-

ment?

To answer these research questions, we divide the research into the following stages

(Chapter 4 discusses our research approach in detail):

1. Exploration.

The exploration stage of the research addresses research questions, RQ1 and RQ2.

We conducted a literature review of the definitions of transparency from different

fields. We also looked at how transparency was defined in different aspects of soft-

ware engineering. In addition, we conducted an exploratory survey which collected

opinions about communication problems and definitions of transparency from soft-

ware practitioners.

2. Evaluation.

The evaluation stage of the research aims to answer RQ3. We evaluated our evidence

about the usefulness of the concept of transparency in software engineering. This

evaluation helps us to gain confidence about the importance of transparency in

software engineering.

To answer RQ3, a set of hypotheses was derived from the literature review and the

survey findings. The set of hypotheses helped us to identify the scope for the evalu-

ation. In this thesis, we began to answer RQ3 by testing one of the hypotheses. We

conducted an experiment for comparing the effectiveness of two different require-

ments documents with different degrees of transparency in presenting functional

requirements of a software system. We wanted to see if a more transparent software
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artefact would be more effective in enabling stakeholders to answer questions about

a software system than a less transparent software artefact.

3. Application.

The application stage of the research aims to apply the concept of transparency in

software engineering practice. This stage is the future work of our research. The

long term goal is to formalise the concept of transparency in software engineering

and to introduce a diagnostic framework based on our definition of transparency for

developers to improve communication in the software life cycle.

1.7 Thesis Overview

This thesis is organised as follows:

In Chapter 2, we present more detailed definitions of transparency in different ar-

eas. We describe notions of transparency from philosophy, organisations, business ethics,

public participation, and computing orientations. In this chapter we understand how

transparency is used in different areas and identify what concepts are related to trans-

parency before we define transparency in software engineering. In Chapter 2, we also

discuss implications of transparency useful to software engineering.

In Chapter 3, we propose a working definition for transparency in software engineer-

ing. We discuss the three attributes of transparency: accessibility, understandability, and

relevance. All of them are important for achieving transparency in software engineering.

Moreover, we discuss the assumptions underpinning the working definition. The definition

is tentative (`working') because we are exploring the notions of transparency in software

engineering. The working definition helps us interpret transparency's usefulness for im-

proving communication in the software life cycle. Chapter 3 also has an overview of how

transparency is used in software engineering.

In Chapter 4, we describe our research approach in more detail through three main

stages: exploration, evaluation, and application. In this thesis, we focus on the exploration

and the evaluation stage. The application stage will be the future work, which will involve

the introduction of a diagnostic framework based on transparency to software developers.

In this chapter we also identify the scope for evaluating the usefulness of transparency in

software engineering.

In Chapter 5, we present our exploratory survey for collecting personal opinions from

software practitioners about communication problems and transparency in software engi-

neering. This survey enables us to gain insights into different communication problems in
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software projects and to improve our definition of transparency for software engineering.

The results of the survey and the threats to its validity are also presented in this chapter.

In Chapter 6, we present an experiment for evaluating the importance of transparency

in requirements engineering. In this experiment we study the effectiveness of two different

requirements documents with different degrees of transparency in presenting functional

requirements of a software system. The evidence collected from the experiment helps

us to support or refute our hypotheses about the usefulness of transparency to software

development. In this chapter, we also discuss the results and validity threats to the

experiment.

Chapter 7 has discussion of our research findings. We revisit our research questions

and discuss interesting points from our findings. This chapter also explores limitations of

the research and discusses improvements for the survey and experiment.

Chapter 8 is a summary of the thesis and contributions of our research. In this

chapter we summarise our findings from each chapter of the thesis. We also summarise the

contributions of our research. Finally, we suggest areas for future research and conclude

with thoughts about transparency in software engineering.
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Definitions of Transparency

This chapter presents an overview of transparency's usage in philosophy, organisations,

business ethics, public participation, and computing. This helps us to gain insights into

transparency's applications in the software life cycle. We also discuss implications of

transparency from these areas in terms of the simple communication model. Notions of

transparency from these areas are associated with the perception of people, the disclosure

of information, or the hiding of information rather than the physical property of an object.

We limit our discussion to philosophy, organisations, business ethics, public participation,

and computing in relation to transparency.

2.1 Transparency in Philosophy

The areas of philosophy of the mind, epistemology, and philosophy of language use the

term ``transparency"". We discuss transparency in these philosophical areas.

In the philosophy of the mind, transparency describes the phenomenon of an individ-

ual's perceptual experience, known as the ``transparency of experience"". The transparency

of experience is related to the process of introspection where

``one apparently looks through the experience to the world, just as if the

experience itself were transparent"" [107].

17
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In epistemology, transparency is related to an individual's self-knowledge, which is the

knowledge of an individual's mental states [47]. The mental states include an individual's

beliefs, desires as well as sensations [47]. According to Boghossian [12], transparency

plays an important role in epistemological arguments for the study of self-knowledge.

Transparency describes the apparent privileged access of mental states where an individual

knows about facts or features of those states [107].

In the philosophy of language, transparency is known as ``referential transparency"",

which is the opposite of ``referential opacity"". Referential transparency means that

``the truth about a given object is not usually affected by the manner of

referring to it"" [53].

This concept of transparency is also applied in computer science for understanding

programming languages. Referential transparency refers to the property of a function

in which the return value of the function is always the same regardless of where the

evaluation occurs [31].

Although transparency is an important concept in philosophy, it is unclear how the

implications of transparency help to improve communication in the software life cycle.

Transparency in philosophy is related to a receiver of information who observes the world;

transparency depends on the experience of knowledge of the receiver. However, in the

context of our communication model, it is unclear who the sender is, what communication

channel is used, or what ``information"" the receiver needs.

In summary, transparency in philosophy has different notions depending on the con-

text. It can relate to an individual's perception or an individual's mental states. Trans-

parency in philosophy can also relate to how an individual refers to an object.

2.2 Transparency in Organisations

The public sphere stresses the importance of transparency for open information and op-

erations in governments and organisations. For example, Transparency International, a

non-governmental organisation that monitors corruption in governments and large corpo-

rations, promotes transparency to fight corruption in international transactions. Trans-

parency International defines transparency as

``a principle that allows those affected by administrative decisions, business

transactions or charitable work to know not only the basic facts and figures but

also the mechanisms and processes. It is the duty of civil servants, managers

and trustees to act visibly, predictably and understandably"" [112].
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This definition has several implications. It suggests who the receiver of information is

and what information to disclose to the receiver. The receiver's questions are affected by

governments or organisations. The sender (civil servants, managers, trustees, etc.) is re-

sponsible for providing information to the receiver. The receiver should access information

easily and find it useful.

In another definition of transparency, Oliver [84] argues that transparency is necessary

for success in today's society. Transparency influences the reputation and the credibility

of large organisations and business practices. This includes governments. Transparency

also affects the trust of people in organisations. To prevent organisations from losses and

erosion of trust, essential facts about organisations must be open and available to everyone.

Oliver observes that transparency consists of three components; an observer, something

available for observation, and a method for the observation. He defines transparency as

``letting the truth be available for others to see if they so choose, or perhaps

think to look, or have the time, means, and skills to look.""

He argues that transparency has the implication of passive disclosure, in which the

truth is available only upon the requests or motives of people. Oliver further suggests

incorporating the idea of active disclosure to transparency in organisations. This means

that organisations need to provide timely and accurate information to stakeholders as

well as getting feedback from stakeholders.

Oliver's definition of transparency implies that receivers should easily access informa-

tion. The definition also suggests that the transparency of information depends on the

time, the means and the skills of the receiver to look for information. In addition, this

definition shows the limitation of transparency where the sender's information might not

be timely or accurate for the receiver.

Likewise, Lord [67] points out that the information disclosed to the public might not

represent the truth about organisations. Transparency is a condition that makes informa-

tion available to the global public. In the context of international regimes, transparency is

about ``the availability and accessibility of knowledge and information"" [19]. Mechanisms

such as open government hearings and mobile phones can enhance transparency. How-

ever, the notion of transparency does not guarantee proper disclosure of information by

organisations. Oranisations can distort information or reveal information in a way that

benefits certain parties [67].

In the area of economics and business, transparency concerns the idea of providing

timely and accurate information to the receiver. The Handbook of International Financial

Terms [78] defines transparency as



20 Definitions of Transparency

``a condition of the markets as to the availability and timely dissemination of

price and other relevant information to market participants.""

This definition of transparency shows, again, that the information should be available

and timely to the receiver (market participants). Relevant information about the markets

should also be available to the receiver.

Transparency also has implications as a feature of organised exchanges in financial

markets. Transparency ensures that participants have accurate information on market

prices [78]. In addition, the banking industry uses transparency to improve the disclosure

of a bank's activities to the public. Transparency is about the

``public disclosure of reliable and timely information that enables users of that

information to make an accurate assessment of a bank's financial condition

and performance, its business activities, and the risks related to those activi-

ties"" [9].

This definition suggests that the information provided by the sender (banks) should

be useful to the receiver (the public) so that the receiver can assess a bank's condition.

To achieve a satisfactory level of bank transparency, there are five qualitative characteris-

tics for transparent information. These are comprehensiveness, relevance and timeliness,

reliability, comparability, and materiality [9].

In summary, transparency in organisations is mainly concerned with making informa-

tion about an organisation visible to stakeholders. It is important for organisations to

make information easily available and accessible to stakeholders. However, the definitions

for transparency in organisations reveal that not all information is properly disclosed

by organisations. Organisations also need to provide useful information to stakeholders;

useful information includes timeliness, accuracy, and reliability to enable stakeholders to

assess the organisations.

2.3 Transparency in Business Ethics

Transparency in the literature of business ethics is found to be an important value to

organisations. For example, Dubbink et al. [34] discuss transparency as an important

condition for corporate social responsibility. In a special issue of Ethics and Information

Technology [116], the concept of transparency is presented by scholars and practitioners

for business ethics. The special issue also presents a discussion by Turilli and Floridi [115]

which defines transparency in the context of computer ethics: ``the possibility of accessing

information, intentions or behaviours that have been intentionally revealed through a

process of disclosure"".
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Turilli and Floridi further discuss ``information transparency"" as a pro-ethical con-

dition for enabling or hindering ethical principles such as accountability, privacy and

copyright. Information transparency concerns enabling stakeholders to make informed

decisions. It is also about enabling organisations to demonstrate to their stakeholders

that the organisations are complying with legal requirements and ethical principles. To

achieve information transparency, both the information and the information's production

must be disclosed. Moreover, Turilli and Floridi assert that the information disclosed

should have ``meaningful, veridical, comprehensible, accessible and useful data"".

In business ethics, transparency means ``corporate transparency"" which is related to

the disclosure of information through standardised reporting. The disclosure of informa-

tion is generally unidirectional, from an organisation to its stakeholders [117]. To improve

corporate transparency, Vaccaro and Madsen [117] introduce the concept of ``corporate

dynamic transparency"" which implies a two-way communication between an organisation

and its stakeholders. According to Vaccaro and Madsen, organisations should provide cus-

tomised information and internet-based tools that enable organisations and their stake-

holders to exchange information. Similarly, Cohen and Hiller [21] also discuss a two-way

collaborative model for corporate transparency.

In addition, Elia [38] discusses corporate transparency in relation to stakeholders'

rights. Stakeholders' rights concern the needs and ethical expectations of stakeholders.

Elia argues corporate transparency should aim to protect stakeholders' interests as well as

to enforce corporate social responsibility. Elia suggests that organisations should follow

the theory of stakeholders' rights when disclosing information to their stakeholders.

In the special issue of Ethics and Information Technology [116], Men\'endez-Viso [72]

presents an overview of notions of transparency from Western philosophy and literature.

The first definition of transparency presented has the meaning of invisibility where an

individual's actions go unnoticed to others. Transparency was desirable to offenders in

ancient societies as others could not see the malicious acts conducted by offenders. How-

ever, transparency nowadays refers to the notion of enabling people to see the information

about organisations.

Men\'endez-Viso further argues that the current notions of transparency are insufficient

to achieve corporate transparency. This is because the modern claims for transparency

are claims for appearance where agents providing the information are not invisible but

apparent. The environment in which agents act is transparent (i.e. invisible) so that

the information is not hidden. Furthermore, Men\'endez-Viso discusses that transparency

entails more than the disclosure of information, it also involves the production of informa-

tion, in which the information produced should be good and useful to people. However,

the quality of information depends on the producer of information. For example, docu-
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ments created by an organisation about its activities might not reflect a true or fair image

of the organisation. Hence, honesty, integrity and public care are necessary to enable

stakeholders to evaluate an organisation's activities. Men\'endez-Viso suggests that the

opacity of information should be considered when demanding transparency in organisa-

tions. The question for transparency as discussed by Men\'endez-Viso is, therefore, ``what

do we need and want to see, and how is this going to be produced?""

The definitions of transparency in computer ethics and business ethics imply that the

information should be readily available and easily accessible to the receiver of informa-

tion. Moreover, information should be useful to the receiver. Men\'endez-Viso's question

for transparency implies that the sender's information should be related to what the

receiver needs and wants. Although the notion of transparency is important in business

ethics, transparency is limited in providing information that faithfully represents the truth

about an organisation. This limitation is similar to the one discussed previously about

transparency in organisations. The sender (organisations) has the ability to control what

information the receiver sees. The information produced by the sender might not reflect

what an organisation is actually doing or how well it is performing.

2.4 Transparency in Public Participation

Public participation is an important practice for government projects, particularly projects

that concern large infrastructure development. It consists of activities for informing the

public about government projects. It also concerns feedback on proposed plans [10, 91].

As one criterion for effective public participation, Rowe and Frewer [91] say

``the participation process should be transparent, so that the wider public can

see what is going on and how decisions are being made"".

Rowe and Frewer also use transparency in a framework to evaluate public acceptance of

different public participation methods. Rowe and Frewer suggest that transparency could

be the principle for revealing the process of selecting participants. Transparency should

also inform the public about final decisions made in government projects. Furthermore,

Rowe and Frewer propose that transparency should be one of the criteria for decision-

making. Better transparency occurs by documenting the decision-making process and the

outcomes of the decisions made.

Similarly, Bickerstaff et al. [10] propose transparency as one of four key principles of

public participation in transport planning. Transparency is used to identify the influence

of public involvement on local transport planning. For them, transparency is
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``the degree to which the outputs and impacts arising as a result of partic-

ipation are explicitly reported, demonstrated and fed back to the partici-

pants"" [10].

In summary, transparency in public participation is useful for evaluating the effective-

ness of public participation methods. Transparency is also useful for providing the public

an indication of how much influence the public has on government planning. Similar to

the notions of transparency in business ethics, transparency in public participation implies

that the information is accessible to the receiver (the public). The sender (governments)

provides information that is related to the process of participation and the outcome of

the participation.

2.5 Transparency in Computing

The term ``transparency"" appears in various subfields of computing. Transparency has

different meanings depending on the context. We find 10 related entries in the subject of

computing through a search for the term ``transparency"" in entry headings in the Oxford

Online Reference. Example entries include network transparency from the Dictionary of

Computing [31] and referential transparency from the Dictionary of the Internet [54].

Transparency can be used in computer graphics as a technique for making objects

translucent [31]. Transparency also concerns a property of a network or a distributed

system, with the notion of being invisible to users in a network. For example, transparency

is defined as ``the property that makes the user of a network unaware of the fact that they

are interacting with a network"" in the Oxford Dictionary of the Internet [54]. Similarly,

transparency in a distributed system is about users' inability to distinguish whether they

are accessing local resources or remote resources [108]. In addition, Farooqui et al. [40]

provide a summary of transparency mechanisms of the ISO reference model for open

distributed processing. Here, transparency means ``distribution transparency"" which has

the implication of hiding objects, mechanisms, or boundaries from clients or users. For

example, location transparency, as one of distribution transparencies, ``hides from a user

(client) where the object (server) being accessed is located"" [40].

In other areas of computing, transparency has similar notions to those of organisations,

business ethics and public participation. For example, transparency in risk management

is ``a condition that all functions of software are disclosed to users"" [74]. Transparency

in this example has the connotation of visibility and openness. The remainder of this

thesis is devoted to explore transparency with this connotation in the context of software

engineering. We will discuss how transparency with this connotation is used in software
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engineering in the next chapter.

2.6 Discussion

From the review of the literature, we identify three themes that are useful to commu-

nication in software engineering. The first theme of transparency involves the notion of

making information available and accessible to the receiver. This notion is important for

communication during the software life cycle. The receiver can evaluate software systems

using the information obtained in the software development process. The receiver can

also make decisions based on such information.

Secondly, the theme of providing comprehensible or understandable information to the

receiver is important to software development, particularly in the process of requirements

elicitation and negotiation. Understandable information enables the receiver to assess

whether software systems are meeting his or her expectation.

The third theme is concerned with the notion of providing relevant information to

the receiver's needs to improve communication in the software life cycle. Communication

problems such as information overload can be minimised. The time spent for the receiver

in finding relevant information can also be reduced.

In addition, we identify some restrictions for transparency from the literature. Trans-

parency depends on the sender who controls what information the receiver sees. The

information provided by the sender might not be timely or accurate. The information

might also be distorted in a way that benefits certain parties at the expense of informing

receivers. Moreover, transparency is meaningful only when the receiver communicates

with the sender. The notions of transparency suggest that the time, the means, as well as

the receiver's skill on accessing information all affect how well the receiver communicates

with the sender.

2.7 Summary

In this chapter, we present definitions of transparency as they relate to different areas.

Notions of transparency vary depending on the context in which transparency is used.

In philosophy, transparency is related to our perception or mental states. Transparency

is also related to how an individual refers to an object. In the context of organisations,

business ethics, and public participation, transparency plays important roles. It has

the meaning of information disclosure. Paradoxically, transparency has the notion of

invisibility when used in the context of network or distributed systems.
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From the literature, we identify three themes of transparency that are useful to com-

munication in software engineering:

\bullet the notion of making information available and accessible to the receiver,

\bullet the notion of providing comprehensible or understandable information to the re-

ceiver, and

\bullet the notion of providing relevant information to the receiver's needs.

We also identify some restrictions of the concept of transparency. For example, trans-

parency depends on the sender who controls the information communicated to the receiver.

In the next chapter, we present a working definition of transparency in software en-

gineering. We also review how transparency is used in areas that are related to software

engineering.
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3
Transparency in Software Engineering

In this chapter we first present a working definition of transparency for software engineer-

ing. The definition is under development as we explore transparency and its functions

in software engineering. The working definition helps us to observe and to describe how

transparency affects communication in the software life cycle. The long-term goal of

the research is to establish and formalise the definition of transparency with evidence

from multiple sources such as literature reviews and empirical studies. This chapter also

presents an overview of the existing notions of transparency in software engineering. We

discuss how our definition fits within the existing notions of transparency in software

engineering.

3.1 A Working Definition for Transparency

Many notions of transparency as we discovered in Chapter 2 concern how well receivers see

and use the information from senders. In the context of software engineering, transparency

should help stakeholders to see and use the information communicated to them during

the software life cycle. How well stakeholders see and use the information depends on the

degree of transparency in the communication channel. Therefore, we define transparency

in software engineering as:

27
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the degree to which stakeholders can answer their questions by using the in-

formation they obtain about a software system during its life cycle.

In this definition, stakeholders refer to anyone involved in the development of a software

system. Example stakeholders are software developers, project managers, clients, and end

users.

Stakeholders need three attributes of transparency to find answers to their questions.

These attributes are based on the implications of transparency discussed in Chapter 2.

The first attribute, accessibility, concerns the ability of stakeholders in obtaining infor-

mation from a sender of information. Information held by the sender may range from

one bit to many sets of data that contain millions of bits in different communication

channels. Once stakeholders obtain any data, they can assess whether such information

answers their questions. To decide if the information answers their questions, stakehold-

ers must first understand the meaning of the information. This is our second attribute of

transparency, understandability. The third attribute is relevance, which is concerned with

how well stakeholders can answer their questions using the information. Transparency's

usefulness involves accessibility, understandability, and relevance. These three attributes

are important for enabling stakeholders to see the information that they need to answer

their questions.

In the following subsections, we discuss the three attributes of transparency: acces-

sibility, understandability, and relevance. We also discuss the assumptions made for our

working definition.

3.1.1 Accessibility

The term ``accessibility"" appears in many software engineering-related areas such as re-

quirements engineering [13, 80], HCI [23, 92, 123], and on-line information services [26].

Accessibility is often associated with the usability of an application, where anyone can

access or use such application. For example, in HCI accessibility is ``having access to the

products needed to accomplish a goal"" [92].

Accessibility also concerns how well users can retrieve information. According to Zaki

and Forbrig [123], accessibility is

``the opportunity for all the users to receive and to deliver all kinds of infor-

mation, regardless of the information format or the type of user impairment.""

Similarly, accessibility, according to Culnan [26], is related to

``...the ability to retrieve the desired information successfully...""
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For this thesis transparency must concern how well stakeholders can access information

to answer their questions. Therefore, we say accessibility is

the degree to which stakeholders can obtain information that they believe is

likely to answer their questions easily.

To determine how well stakeholders access such information, we need to answer three

questions.

1. Is the communication channel available for stakeholders to find answers to their

questions?

In our communication model, the sender provides communication channels where

stakeholders find answers to their questions. The communication channels can be

documents, pictures etc. The sender can also be the channel that stakeholders com-

municate with directly. In order for stakeholders to find answers to their questions,

the communication channel should be available to them.

2. How easily can stakeholders use the format in which the information is presented?

The format of the information should be easily usable by stakeholders so that they

can find answers within the channel. The format of information depends on the

type of the channel. For example, the channel may be an electronic file formatted

to open only by Microsoft Word.

3. How easily can stakeholders access information from the channel that they believe

is likely to answer their questions within a reasonable amount of time?

The channel may contain one bit of information or many sets of data. Stakeholders

should be able to obtain their desired bit of information quickly. If the channel

contains many sets of data, stakeholders should be able to reach the right location

of a particular set of data within a reasonable amount of time.

Accessibility is the primary attribute of transparency because stakeholders need to

first obtain some information from a channel before assessing whether such information

is helpful. After stakeholders have access to the desired information, understandability

and relevance of such information can be assessed.

3.1.2 Understandability

Understandability is the second attribute of transparency for assessing the information

obtained by stakeholders. When stakeholders access the desired information, they should
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be able to understand the information before using it. Understandability or comprehensi-

bility in software engineering often concerns the quality of software artefacts. It is also a

factor that affects the usability of a software product [48]. Research on understandability

is in studies such as usability of computer documentation [50], requirements engineer-

ing [22, 109], conceptual modelling [6, 85], and program comprehension [14]. An example

definition of understandability in requirements engineering is:

``the degree to which information contained in a SRS [software requirement

specifications] can be easily understood by a reader of that SRS"" [22].

In this thesis, we are interested in how well stakeholders understand the information

presented in the channel. Therefore, we say understandability is

the degree to which the information obtained by stakeholders can be compre-

hended with prior knowledge.

To determine how well stakeholders understand the information presented in the chan-

nel, we need to ask the following question:

\bullet Once stakeholders obtain the information, how easily can they recognise the meaning

of the information within a reasonable amount of time?

The one-bit of information or a set of data should be understandable to stakeholders

so that they can assess if this information answers their questions. The time needed

for stakeholders to understand the information depends on their prior knowledge.

Understandability is important to transparency because, without it, stakeholders can-

not assess whether the information answers their questions. If stakeholders understand

the information, the next issue is how well the information answers stakeholders' ques-

tions. This leads to the third attribute of transparency, relevance, which follows in the

next section.

3.1.3 Relevance

Relevance is the third attribute of transparency for assessing stakeholders' ability to find

answers to their questions from the received information. The term ``relevance"" is often

used in information search and retrieval and refers to

``an evaluation of the match between a question (or search statement) and the

answer (or text) retrieved by that statement"" [16].
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According to Case [16], relevance in information science concerns the technical mea-

sures of document retrieval. Relevance depends on the question or the search statement

which can be measured by precision and recall. In areas such as psychology, relevance

involves the context in which an individual is situated. Relevance depends on an indi-

vidual's knowledge state and his or her intentions at the time he or she encounters the

information [16].

Relevance in software engineering refers to the technical measures of information re-

trieval or individuals' subjective judgements of the information. Research on relevance in

software engineering can be found in studies and discussions such as cost estimation for

software projects [58], source code search engines [70], and software documentation [3, 69].

In this thesis, we want to know how well stakeholders can answer their questions using

the information from the channel. Therefore, we define relevance as

the degree to which the information obtained by stakeholders answers their

questions.

To determine how well the information from the channel answers stakeholders' ques-

tions, we ask the following:

\bullet How well can stakeholders use the obtained information to answer their questions

within a reasonable amount of time?

Judging the relevance of information depends on stakeholders who obtain the infor-

mation. This consideration leads to the following questions.

\bullet How quickly can stakeholders answer their questions using the information?

This question concerns the time needed for stakeholders to use one bit of information

or a set of data to answer their questions. The time it takes for stakeholders to

answer their questions also depends on their prior knowledge.

\bullet How directly connected is the information with stakeholders' questions?

We are interested in whether the information is directly connected to stakeholders'

questions. The opposite of ``directly connected"" is circumlocution. The use of

circumlocution might affect the understandability of information. It might also

increase the time for stakeholders to assess the information to answer their questions.

\bullet Does the information answer stakeholders' questions sufficiently?

The last question addresses stakeholders' need to find the current channel suitable

or to seek another channel or location within the channel to answer their questions.
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The assessment of the information also depends on stakeholders' prior knowledge

and expectations for the information.

Relevance is an important attribute of transparency so stakeholders can answer their

questions within a reasonable amount of time only if the information is relevant to their

questions. However, stakeholders can assess the relevance of information only after they

access and understand the information. The degree of transparency thus depends on the

accessibility, understandability, and relevance of information. Because we are developing

the concept of transparency in software engineering, our definition is necessarily restricted.

In the following section, we discuss the assumptions made for our working definition of

transparency.

3.1.4 Assumptions

We argue that transparency enables stakeholders to answer their questions about a soft-

ware system using the information they obtain in the software life cycle. Transparency's

components are accessibility, understandability, and relevance. However, our working def-

inition is restricted as it does not specify the behaviour of the sender of information or

the truthfulness of information provided to stakeholders. Our definition depends on the

judgement of stakeholders who obtain the information during the software life cycle. We

base our definition on the following assumptions for transparency:

\bullet Information held by the sender is not falsified or distorted in a way that benefits cer-

tain parties. We assume that the sender communicates with receivers (stakeholders)

in good faith. The sender has no malicious intentions.

\bullet Receivers have the need to know about a software system during its life cycle. To

satisfy their need to know, they have a set of questions in their mind. The type of

questions depends on the context in which receivers are situated. Receivers evalu-

ate the degree of transparency when they make query about the software system.

Transparency has no meaning if receivers do not make query about the system.

\bullet Receivers have reasonable expectations for information about the software system.

They also have reasonable expectations for the time that they spend on obtaining

and assessing information to answer their questions. Receivers' expectations can be

affected by different factors such as their background and environment. We assume

that the receivers are reasonable stakeholders. They have legitimate questions about

the software system during its life cycle. Moreover, they are competent in their
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roles and are not extreme stakeholders who are never satisfied with the sender or

the information that they receive.

In the following section, we give an overview of how transparency is used in software

engineering. We also discuss how accessibility, understandability, and relevance are related

to the existing notions of transparency in software engineering.

3.2 Transparency in Software Engineering

An overview of the existing notions of transparency in software engineering shows a

breadth in software engineering-related contexts. We focus on areas in software engi-

neering where the notion of transparency concerns visibility or openness of information.

In each subsection, we further discuss how our definition and the three attributes (acces-

sibility, understandability, and relevance) are related to existing notions of transparency.

3.2.1 Transparency in Information Privacy

Information privacy is concerned with an individual's control over his or her personal

information that is held by third parties. Transparency provides a means of privacy

protection for individuals by allowing them to monitor their data as well as actions of

others [20]. In the context of information privacy, transparency refers to the accessibility of

information about individuals' personal data and the usages of such data. For example,

transparency is defined by Awad and Krishnan [8] as the ability of consumers having

``access to the information a firm has collected about them, and how the information is

going to be used"".

Transparency is also a means for facilitating information accountability, which is an-

other mechanism for protecting information privacy. Transparency enables individuals to

see the use of their personal information so that people and organisations can be held

accountable for any misuse of information [120]. The following quote as an example defi-

nition of transparency in relation with privacy and accountability for E-health systems:

``information held about the consumer is visible to the consumer ... and so is

the use (access to) of that information by anyone else so that any action could

be tracked back to an individual"" [46].

In the context of information privacy and accountability, the existing notions of trans-

parency involve the accessibility of information. To be transparent, the sender of infor-

mation needs to make information accessible to stakeholders. This information should



34 Transparency in Software Engineering

answer stakeholders' questions about all potential usages of personal information held by

third parties.

3.2.2 Transparency in Computer Ethics

Transparency in computer ethics is a means to assure validity of information [96] and

a means to support stakeholders in the decision-making process [42, 43]. It is also an

important ethical value to the process of computational modelling [43]. According to

Turilli and Floridi [115], transparency in information management, business ethics and

information ethics is

``the possibility of accessing information, intentions or behaviours that have

been intentionally revealed through a process of disclosure"".

Turilli and Floridi frame transparency as ``the choice of which information is to be

made accessible to some agents by an information provider"". Turilli and Floridi further

discuss the ethical nature of information transparency as it relates to the disclosure of

information. Transparency depends on factors such as availability, accessibility of informa-

tion, as well as ways that information supports decision-making. Moreover, transparency

depends on decisions of information providers about what information to disclose and

appropriate forms to disclose such information. Turilli and Floridi explain that the in-

formation disclosed should consist of ``meaningful, veridical, comprehensible, accessible

and useful data"". In addition, Turilli and Floridi argue that details of the information's

production should also be disclosed to enable ethical principles that affect or regulate the

disclosure of information.

The term ``comprehensible"", used by Turilli and Floridi to describe the characteristics

of disclosed information, suggests that understandability of information relates to their

definition of transparency. Similarly, Fleischmann and Wallace [43] describe transparency

as enabling stakeholders to use computational models to evaluate information and then

make informed decisions. Fleischmann and Wallace's definition of transparency is

``the capacity of a model to be clearly understood by all stakeholders, especially

users of the model.""

The literature shows that existing notions of transparency in computer ethics are

concerned with the accessibility and understandability of information. Transparency is

an ethical value which is important in computer ethics as the information provided by

the sender helps stakeholders to make informed decisions. The type of information that

stakeholders need depends on the answers to their questions to make decisions.
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3.2.3 Transparency in Security, Trust and Risk Management

Transparency has the notion of visibility or information openness when it appears in

discussions on security and trust of software systems. Transparency provides a means

of security assurances to stakeholders about software systems through the openness of

information [73]. The degree of transparency of a software system affects how much

stakeholders trust the system [28, 73]. Similarly, transparency in risk management refers

to the disclosure of information to stakeholders. It is a means to proper risk management.

Transparency is ``a condition that all functions of software are disclosed to users"" [74].

Transparency is also a means to increase trust and acceptance of user-adaptive sys-

tems [25]. Transparency helps stakeholders, specifically end users, to understand how a

system works. According to Cramer et al. [25], a transparent system ``allows the user to

understand the way it works and explains system choices and behaviour"".

Existing notions of transparency in the literature suggest that transparency influ-

ences security assurances, trust, and risk management of software systems. Notions of

transparency in these areas concern accessibility and understandability of information.

Stakeholders with questions about a software system should find information from the

sender accessible and understandable, which makes the information usable.

3.2.4 Transparency in Visual Notations

Transparency refers to the understandability of information used in the context of visual

notations or graphical representations. It is one of principles for designing cognitively

effective visual notations. Moody [79] calls transparency ``semantic transparency"" which

has ``the meaning of a symbol [which] can be inferred from its appearance"". This definition

of transparency implies that stakeholders can easily recognise the meaning of visual nota-

tions. It also suggests that stakeholders are able to understand the information presented

in diagrams that consist of semantically transparent visual notations.

In the context of our simple communication model, the visual notations are the channel

for communicating information to stakeholders. Stakeholders might have questions about

what the visual notations represent or what information the visual notations convey about

a software system. Although accessibility and relevance are important attributes to our

definition of transparency, they are not apparent from the existing definition. It appears

that the understandability of information is the most important attribute to transparency

for visual notations.
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3.2.5 Transparency in Agile Development

Transparency is often a value or principle for agile development. Transparency can be

achieved through agile practices such as stand up meetings and arrangements of work

areas that maximise easy information sharing [55]. According to Bird [11], one principle

of agile methods is to maintain honesty and transparency, where it is difficult to hide

problems in software projects. Software developers share information about the software

project with customers so that they can make decisions early to mitigate any problems.

Similarly, transparency is a supporting pillar for process control in Scrum, an agile

development framework [97]. Schwaber and Sutherland explain that

``significant aspects of the process must be visible to those responsible for the

outcome. ... Transparency requires those aspects be defined by a common

standard so observers share a common understanding of what is being seen.""

These discussions on transparency suggest that transparency in agile development is

concerned with the accessibility of information. The notions of information sharing and

making aspects of a process visible have the implication that stakeholders have access

to information. Moreover, the existing notions of transparency in agile development are

concerned with the understandability of information. The notion of using a common

standard for common understanding implies that stakeholders can easily interpret the

meaning of information visible to them. The type of stakeholders' questions might be

related to the development process of a software system and the management of a software

project.

3.2.6 Transparency in Dependable Systems

Transparency is one proposed approach for developing dependable software systems. It

is a means for enabling stakeholders to assess the dependability of a software system [56].

Jackson et al. [56] explain that

``customers and users can make informed judgments when choosing suppliers

and products only if the claims, criteria, and evidence for dependability are

transparent.""

Enabling stakeholders to make informed judgements is similar to the notions of trans-

parency in computer ethics discussed previously. Transparency in dependable systems

is concerned with the understandability and relevance of information. Information with

such claims for dependability should be understandable so that stakeholders can judge

the relevance of information. Information should also be relevant so that stakeholders can

base their decisions about the choice of suppliers and products on the information.
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3.2.7 Transparency in Requirements Engineering

In requirements engineering, transparency is a general quality or a non-functional re-

quirement related to the disclosure of information [94, 95, 104]. In addition, transparency

spreads to different parts of a software system [95]. Transparency, as discussed by Software

Transparency Team [104], enables stakeholders to have

``accessibility, usability, informativeness, understandability and auditability of

information [or processes] held by centers of authority (society or organiza-

tions)"".

Sampaio do Prado Leite and Cappelli [95] stress the importance of transparency for

software systems. They explore notions of transparency and represent transparency us-

ing a non-functional requirements framework. They also use a Softgoal Interdependence

Graph (SIG) to illustrate correlation and contribution links between transparency and

different quality attributes. Sampaio do Prado Leite and Cappelli identify 33 quality

attributes that contribute to transparency. The 33 quality attributes are based on infor-

mation sources that Sampaio do Prado Leite and Cappelli have found. They have selected

3 sites, 5 books, and 1 scientific paper as information sources. The five main quality at-

tributes are accessibility, usability, informativeness, understandability, and auditability in

the transparency SIG. Each main quality attribute also composes other quality attributes.

For example, portability, availability, and publicity are quality attributes that contribute

to accessibility.

Serrano and Sampaio do Prado Leite [98] further investigate the quality attributes

of transparency proposed by Sampaio do Prado Leite and Cappelli [95]. Serrano and

Sampaio do Prado Leite refer to the quality attributes as requirements patterns and

capture arguments from stakeholders regarding applications of the concept of transparency

for a given software system. From the 33 quality attributes of transparency, Serrano and

Sampaio do Prado Leite emphasise the importance of accessibility to transparency because

other quality attributes cannot be achieved without access to a software system.

It seems that our three attributes of transparency (accessibility, understandability,

and relevance) are among the 33 quality attributes. However, when examining the list

of the quality terms and the definitions provided by Sampaio do Prado Leite and Cap-

pelli [95], we find that our definition of relevance is not one of the 33 quality attributes for

helping transparency. Our definition for accessibility seems to relate to the definitions of

accessibility and informativeness provided by Sampaio do Prado Leite and Cappelli. Ac-

cessibility, according to Sampaio do Prado Leite and Cappelli, is ``the quality of being easy

to meet deal with"", and informativeness is ``the quality of providing or conveying informa-

tion"". These two definitions are relevant to our definition of accessibility as they concern
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how easy it is for stakeholders to obtain information, and how well the information is

conveyed to the stakeholders. Our definition for understandability is also similar to their

definition of understandability, which has the meaning of ``the quality of comprehensible

language or thought"".

Although two of our attributes of transparency are among the 33 quality attributes,

we find that their definitions for the quality attributes are ambiguous and the context for

the definitions is unclear. An example of this is the definition for operability, which is

one of the attributes that contribute to usability. It has the meaning of ``the quality of

being treated by surgical operation"". It is unclear from the literature how being treated

by surgical operation helps the transparency of software systems. Moreover, many of the

quality attributes seem to be dependent on the type of questions that stakeholders have.

For example, one of the five main quality attributes, auditability, has the meaning of ``the

ability to examine carefully for accuracy with the intent of verification"". If stakeholders

do not intend to verify information, then auditability is not relevant to stakeholders'

questions and thus auditability will not affect the degree of transparency.

Transparency in the context of requirements engineering is a quality or a non-functional

requirement for a software system that helps to disclose information to stakeholders. The

existing notions of transparency in requirements engineering are linked with many different

quality attributes or non-functional requirements. Accessibility and understandability are

among the 33 quality attributes discussed by Sampaio do Prado Leite and Cappelli [95].

However, it is unclear how their quality attributes affect how well the information is

disclosed to stakeholders. The type of stakeholders' questions is also ambiguous in the

literature.

3.2.8 Transparency in Other Software Engineering Areas

Transparency can be found in other software engineering-related areas. For example,

transparency or visibility is a software quality which can be an internal or external qual-

ity [48]. According to Ghezzi et al. [48], transparency makes a development process

available and easily accessible for examination. Transparency benefits software develop-

ment as it helps developers to assess the impact of their actions and to make decisions.

Ghezzi et al. further discuss that a product is visible if

``it is clearly structured as a collection of modules, with clearly understandable

functions and available and accurate documentation"".

Transparency also supports communication and coordination behaviours in software

development as it makes work visible to stakeholders [30]. According to Dabbish et al. [30],
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transparent development environments allow everyone to ``see and have meaningful access

to (almost) everything"".

The existing notions of transparency involve visibility to stakeholders which suggests

that the accessibility of information is necessary for stakeholders to use information. The

sender of information needs to provide information that answers stakeholders' questions

about a development process or any work done during software development. In addition,

understandability of information is also important for transparency in software develop-

ment as developers need to examine a development process using the information visible

to them.

3.3 Summary

Our working definition of transparency for software engineering has three attributes of

transparency: accessibility, understandability, and relevance. Moreover, we review how

transparency is used in different software engineering areas.

From the review of the literature, we find that the notions of transparency are useful

to software engineering. Transparency is used as a means to enhance privacy and account-

ability. It is also used to improve trust in software systems. Furthermore, transparency is

a means to help stakeholders to make decisions in software development. Although much

software engineering literature promotes ideas of transparency, the term is not well defined

or explicitly assessed in software engineering. It is unclear what constitutes transparency

or how transparency can be assessed. It is also ambiguous about transparency's use in

software engineering.

In the next chapter, we present our research approach for exploring transparency in

software engineering. We also discuss our approach to evaluate the usefulness of trans-

parency in software engineering.
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4
Research Approach

In this thesis we argue that transparency is a useful concept for improving communication

in software development. The long-term goals of the research are to formalise transparency

and to build a diagnostic framework for developers to articulate communication problems

in the software lifecycle. Our research into transparency has three stages:

1. Exploration.

The first stage of the research focuses on exploring what transparency is and how

it is used in different areas. This stage is fundamental for defining transparency in

software engineering. It helps us to define a clear picture of transparency and its

boundaries in software engineering. In Chapter 2 and Chapter 3 we explore different

notions of transparency from different areas. In Chapter 5 we explore different com-

munication problems encountered by software practitioners. In Chapter 5 we also

present opinions from software practitioners about our definition of transparency

for software engineering.

2. Evaluation.

The evaluation stage aims to answer the question: how useful is transparency to

software development? Answers to this question help us to gain confidence about the

value of transparency in software engineering. Findings from the evaluation provide

41
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evidence to support or refute our hypotheses about the usefulness of transparency

to software development. In this thesis, we evaluate the effectiveness of software

artefacts with different degrees of transparency in helping software practitioners and

tertiary students to answer questions. The design and the results of the experiment

are presented in Chapter 6.

3. Application.

The application stage aims to apply our definition of transparency in software engi-

neering practice. This stage concerns the future work of our research where we plan

to introduce a diagnostic framework on the basis of our definition of transparency

to software developers. The objective of this stage is to validate whether the diag-

nostic framework is useful for developers to articulate communication problems in

the software life cycle.

To construct a diagnostic framework for developers to use in software engineering

practice, we first collect information about what transparency is by means of empirical

methods. Empirical methods can be used for collecting evidence that determines the va-

lidity of proposed solutions [36, 60]. Moreover, our theory of transparency can satisfy one

of criteria of a good empirically based theory [100, 102] by showing supporting evidence

collected from empirical methods.

In this thesis we concentrate on the exploration and evaluation stages of transparency.

These two stages are important in helping us to establish a preliminary structure of the

diagnostic framework. Findings from these stages are also important to support or refute

our definition of transparency. The following sections present our approach to collect

information about transparency in the exploration and evaluation stages.

4.1 Exploring Transparency

In the exploration stage we want to gain insights into what transparency is and how it

relates to software engineering. These questions guide the research: RQ1 - how much does

the term ``transparency"" occur in the software engineering literature? and RQ2 - what

is the concept of transparency in the software engineering context? We do this through

literature reviews (Chapter 2 and Chapter 3) and an exploratory survey (Chapter 5).

Chapter 2 and Chapter 3 provide a literature review with an overview of how trans-

parency is defined in different areas such as business ethics and requirements engineering.

The literature review helps us to identify attributes that are important to transparency.
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The literature review also helps us to understand which definitions of transparency are

used in the software engineering literature.

In Chapter 3, we further propose a working definition for transparency in software

engineering. We argue that accessibility, understandability, and relevance are the three

attributes of transparency that affect how well stakeholders see the information needed

to achieve their goals. The working definition enables us to interpret and evaluate trans-

parency in software development.

In addition to the literature review, we design and conduct a survey for collecting per-

sonal opinions about transparency in software engineering practice from software project

stakeholders. The survey allows us to explore different types of communication problems

that stakeholders might encounter in software projects. Findings from the survey help us

to improve our proposed definition of transparency and thus answer RQ2. The results of

the survey are presented in Chapter 5.

4.2 Evaluating the Importance of Transparency

To answer RQ3 - how important is the concept of transparency to successful software

development? - we derive a set of hypotheses from the literature review and the results

of the exploratory survey. The set of hypotheses identifies different aspects of software

development that could be affected by transparency. It also helps us to identify the scope

for the evaluation. The following subsections present the set of hypotheses for RQ3 and

the scope of the evaluation.

4.2.1 Hypotheses for RQ3

We derive two main hypotheses from RQ3 which are important to software development.

The first hypothesis concerns the development of a software system. The second hypoth-

esis concerns the use of a software system. Each hypothesis is analysed into different

hypotheses associated with specific aspects of a software system. We present the two

main hypotheses with sub-hypotheses in the following subsection. Because many aspects

of a software system such as management, requirements engineering, and testing can be

affected by transparency, it is difficult to have a complete set of sub-hypotheses for each

main hypothesis. Therefore, we present an overview of the sub-hypotheses for only some

aspects of a software system.
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Hypothesis A: A transparent development process leads to a successful soft-

ware project.

(1) A transparent development process leads to a better project management than a

non-transparent development process.

a. Project managers can answer their questions about the progress of a software

project in a transparent development process.

b. Project managers and other stakeholders can answer their questions about the

decision-making process as well as the decisions made for a software system

in a transparent development process.

c. Project managers and other stakeholders spend less time having their ques-

tions answered in a transparent development process than in a non-transparent

development process.

(2) Transparent software artefacts lead to a more effective assessment of a software

project than non-transparent software artefacts.

a. Stakeholders can answer their questions about a software project using the

information presented in transparent software artefacts.

b. Stakeholders spend less time answering their questions using the information

presented in transparent software artefacts than using the information pre-

sented in non-transparent software artefacts.

(3) Agile development methods are more effective for stakeholders in obtaining infor-

mation about the project status than non-agile development methods.

a. Information about the software project is more transparent in stand up meet-

ings than information presented in documentation.

b. Project managers spend less time obtaining information about the project

status in stand-up meetings than using documentation.

(4) Transparent software artefacts lead to a more effective assessment of a software

system than non-transparent software artefacts.

a. A transparent requirements document is more effective for developers in an-

swering questions about the requirements of a software system than a non-

transparent requirements document.

b. A transparent architecture document leads to developers' better understand-

ing of the software architecture than a non-transparent architecture document.

c. Source code that is transparent helps developers to find bugs during software

testing more easily than source code that is not transparent.
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Hypothesis B: A transparent software system promotes trust and uptake of

the software system by end users.

(5) Transparent software artefacts lead to a more effective assessment of a software

system than non-transparent software artefacts.

a. End users can answer their questions about the functionality of a software

system using the information presented in transparent software artefacts.

b. End users spend less time answering their questions using the information pre-

sented in transparent software artefacts than using the information presented

in non-transparent software artefacts.

(6) A transparent user interface is easier to use and manage by end users than a

non-transparent user interface.

a. End users can access each function of a software system from a transparent

user interface more easily than from a non-transparent user interface.

b. End users spend less time accessing each function of a software system using

a transparent user interface than using a non-transparent user interface.

4.2.2 Scope of the Evaluation

The two hypotheses show our belief in the importance of transparency in different as-

pects of a software system. To test these hypotheses, we identify different approaches.

One of the approaches is to conduct an experiment which helps researchers to determine

the validity of proposed theories and methods. Zelkowitz and Wallace [124] discuss 12

experimental approaches from available research methods in software engineering and

classify these methods into three categories: observational methods, historical methods,

and controlled methods. Similarly, there are three different empirical methods for experi-

mentation in software engineering. The empirical methods are experiments, case studies,

and surveys [122].

However, it is not possible to test all hypotheses in this thesis. This is due to the

limitations in time, budget, and availability of resources for the research. To test all of

the hypotheses, different types of empirical studies would be required. For example, to

test hypothesis 3, we would conduct a case study to observe the interactions between

project managers and software developers during stand-up meetings. To test hypothesis

6, a controlled experiment could be performed for comparing the usability of a transparent

user interface with a non-transparent user interface.

Different types of materials are also needed for different empirical studies. For ex-

ample, we would need to prepare mock-ups of a software system for evaluating the us-
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ability of different user interfaces. We would also need different software artefacts such

as requirements documents, source code and user manuals for testing other hypotheses.

Furthermore, different groups of participants would be needed in each empirical study. It

is difficult to recruit potential participants from the software industry because they are

usually busy. It is also difficult to arrange time with software professionals to take part in

the studies during their working hours. Moreover, it could be expensive to hire software

professionals for the empirical studies. Because of these constraints, it is not feasible to

test all of the hypotheses within the duration of our research.

However, in this thesis we plan to test only one hypothesis. The following items and

questions were considered when designing the experiment to test one of the hypotheses.

These were based on the questions in the ethics application for conducting research that

involved human participants at the University of Auckland.

\bullet Study design: What the type of empirical study will be used to test the hypothesis?

What is the method for collecting data?

\bullet Materials: What materials do we need to prepare? How easy is it to prepare the

materials?

\bullet Participants: What is the target population? How do we recruit potential partic-

ipants? How many participants do we need?

\bullet Tasks: What tasks must the participants perform? Where will they perform the

tasks? How easy are the tasks?

\bullet Time: What is the duration of the study? Can we conduct the study within a

reasonable amount of time?

Based on the questions and the limitations of our research, hypothesis 4a is the most

feasible hypothesis to test. Moreover, we believe that requirements engineering is a good

starting point to test the importance of transparency in software engineering. Require-

ments engineering is important to software development because the success of a software

system depends on how well requirements satisfy the expectations of stakeholders [82].

Furthermore, the requirements engineering process consists of different communication

activities which occur early in the software development life cycle. Example communica-

tion activities include interviews, brainstorming, documentations, group discussion, and

requirements inspection [1, 7, 61, 82, 105]. Therefore, we choose hypothesis 4a as the first

hypothesis to test if transparency can improve communication in the form of documents

in requirements engineering.
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We devise an experiment to compare different software artefacts. An experiment in-

volves activities in changing variables and observing the effects caused by such changes [33,

37, 122]. Such an experiment is appropriate for this study because it provides a system-

atic and quantifiable way for validating theories and measures as well as evaluating the

relationships between different variables [122].

The materials for the experiment are requirements documents that we can prepare

within the duration of our research. We can recruit software practitioners or tertiary

students (studying in software engineering-related areas) to evaluate the effectiveness

of requirements documents in presenting software system requirements. Moreover, the

duration of the study can be shorter because training of participants is not required.

Training is unnecessary as software practitioners and tertiary students should know about

the languages used in the requirements documents. They are likely to have experience

with different types of software artefacts for their work or study. Participants are not

required to learn another language or notation for reading a requirements document.

4.3 Summary

In this chapter we describe our research approach through three main stages: explo-

ration, evaluation, and application. This thesis focuses on the exploration and evaluation

of transparency. The application of transparency will be in the future work. At the explo-

ration stage, we answer research questions, RQ1 and RQ2, through literature reviews and

an exploratory survey. At the evaluation stage, we answer RQ3 by first deriving a set of

hypotheses for the scope of the evaluation. In this thesis, we test one of the hypotheses: a

transparent requirements document is more effective for developers in answering questions

about the requirements of a software system than a non-transparent requirements docu-

ment. We test this hypothesis through an experiment which compares the effectiveness

of two types of requirements documents with different degrees of transparency.

In the following chapters we discuss how we collect supporting evidence by means of

a survey and an experiment to answer our research questions. The results obtained from

these two empirical methods are also presented.
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5
A Survey to Explore Transparency in

Software Engineering

So far we have considered different definitions of transparency (Chapter 2) and uses of

transparency in software engineering (Chapter 3). To test the usefulness of our definition

to software practitioners and to learn the importance of transparency in software engi-

neering, we conducted a survey early in our research. The main purposes of the survey

are to help us to gain insights into problems of communication in software projects and

to evaluate our preliminary definition of transparency (Chapter 4).

The structure of this chapter is based on the reporting guidelines by Jedlitschka

et al. [57]. The guidelines enable reporting of experiments in software engineering to

help readers to find information, to understand how an experiment is being conducted,

and to assess validity of results. We follow the guidelines when documenting our studies

to ensure that sufficient information is provided to help other researchers. Any researchers

who are interested in conducting similar studies can use this information to replicate and

to evaluate our research.

In the following sections, we describe the design and the execution of the survey. We

present our analysis of the responses collected in Section 5.3. In Section 5.4, we discuss

threats to the survey's validity and summarise the findings.

49
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5.1 Survey Design

We design the survey with a goal definition template by Wohlin et al. [122]. The purpose

of the goal definition template is to help us to ensure that we have defined the important

aspects of an experiment [122]. See Appendix A for our draft goal definition of the survey.

We also derive the questionnaire from the questions under the purpose section of our goal

definition. Each question under the purpose section has corresponding question numbers

to the questionnaire in parenthesis or written in pencil as shown in Appendix A.

In the following sections, we discuss the survey design in detail. The following section

begins with the main goal and research questions for the survey, then continues with

describing the target population and the sampling method of the survey. The materials

used and the tasks asked of the participants are presented in Section 5.1.3 and Section

5.1.4. In the last two subsections we discuss the hypotheses to be tested in the survey

and the type of survey design.

5.1.1 Goal

The main goal of the survey is to gather evidence to answer RQ2: what is transparency

in the software engineering context? To answer that question, the following questions are

addressed in the survey:

\bullet SQ1. What are the communication problems encountered by stakeholders of a

software project?

In Chapter 1, we discussed how transparency could be useful for addressing commu-

nication problems in software life cycle. We construct SQ1 to further explore differ-

ent types of communication problems that stakeholders might encounter in software

projects. We test whether the communication problems reported by stakeholders

are related to the three attributes of transparency: accessibility, understandability,

and relevance.

\bullet SQ2. What does ``transparency"" mean to different stakeholders of a software

project?

In Chapter 2 and Chapter 3, we found that different professions used the term

``transparency"" for various purposes. However, the term has not been well defined

in the software engineering literature. We want SQ2 to explore what transparency

means to different stakeholders. Specifically, we want to know if stakeholders are

familiar with the term ``transparency"" and what definitions of transparency they

might already be familiar with. We are also interested in stakeholders' opinions of
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our definition of transparency, especially if our definition is consistent with the one

that they might already have.

5.1.2 Participants

In this subsection, we describe the type of participants that we aim to recruit for the

survey. We also describe the sampling method for the survey.

Target Population

The target population for the survey is software project stakeholders such as requirements

engineers, software developers, project managers, clients, end users, and government regu-

lators. We are interested in stakeholders' communication problems and what transparency

means to them. We aim to recruit anyone who is or has been involved in software projects

as in the list at the start of this section. Survey responses from different types of stakehold-

ers enable us to explore different types of communication problems in software projects.

We are also exploring different perspectives on transparency from stakeholders.

Sampling Method

We use convenience sampling as the procedure for selecting potential participants. Any

potential participants are stakeholders who are available and willing to participate. Conve-

nience sampling is used because we lack sufficient information about the entire population

involved in software projects. It is also difficult to recruit everyone involved in software

projects. Convenience sampling helps us to recruit participants who are readily available

and to save time in finding potential participants.

5.1.3 Survey Material

A web-based questionnaire to gather responses from participants saves time in distributing

the survey to participants. It also saves time in manually entering data. Moreover, it

simplifies the process for participants to answer the survey [89].

The web-based questionnaire contains 28 questions in total and is divided into three

main sections. See Appendix C for the questionnaire.

1. Demographics (Q1 -- Q3)

The first section of the questionnaire asks participants what aspects of a software

project that they are involved in and what their roles are in a software project.

We also ask participants to rate their knowledge or experience in several areas such
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as requirements engineering. We use the responses collected from this section to

classify participants.

2. Communication in Software Development (Q4 -- Q14)

In this section, we explore what kind of communication problems that our partici-

pants encountered in a software project. The responses collected from this section

answer SQ1. Participants are asked to report the frequency of communication prob-

lems and the types of information that our participants need in a software project.

We ask participants how they obtain necessary information and how they commu-

nicate with other stakeholders. The questions constructed in this section are based

on the roles of senders and receivers in the simple communication model.

3. Transparency in Software Engineering (Q15 -- Q26)

This section is constructed to explore the meaning of ``transparency"" to participants

for answering SQ2. In this section, we evaluate our preliminary definition and the

three attributes (accessibility, understandability, and relevance) for transparency.

We first ask participants to select contexts in which transparency appears that

they are familiar with. We then present our definition and ask participants if they

are aware of our definition within software engineering. With our attributes of

transparency, participants are asked to rate the importance of each attribute to

our definition of transparency as well as the effectiveness of different techniques in

making information transparent.

At the end of the questionnaire, we have two open questions (Q27 -- Q28). In Q27,

participants can comment on their concerns about the concept of transparency. Partici-

pants can also comment on any other problems that they are concerned within software

engineering in Q28.

5.1.4 Tasks

The survey asks participants to look back at their experience in software projects. The

main task asked of participants is to answer the web-based questionnaire, which takes

approximately 30 minutes.
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5.1.5 Survey Hypotheses

In this subsection we describe the hypotheses to be tested in the survey. We also describe

the variables in the survey.

Hypotheses

We formulate the following hypotheses from SQ1 and SQ2.

SH1. A majority of stakeholders frequently or always encounter communica-

tion problems relevant to transparency problems.

We discuss transparency as a useful concept for improving communication in the

software life cycle in Chapter 1. If transparency is important to communication, many

communication problems encountered by stakeholders would be related to transparency

problems. We hypothesise that at least 50\% of the participants report that they frequently

or always encounter one or more of our designated transparency problems when they

receive or send information. The designated transparency problems are inaccessibility,

misunderstanding, and irrelevance of information.

SH2. A majority of stakeholders of a software project are familiar with the

term ``transparency"" used in more than one context.

SH2 enables us to see whether many stakeholders are familiar with different definitions

of transparency. If stakeholders are familiar with transparency, we are interested in finding

what kind of definitions stakeholders know. We want to know if our definition is consistent

with the definitions that stakeholders have. We hypothesise that at least 50\% of the

participants are familiar with transparency used in more than one context.

Variables

According to Wohlin et al. [122], there are two types of variables in an experiment,

independent variables and dependent variables. The independent variables are the input

variables, where the experimenter applies different treatments to these variables. The

dependent variables are the outcomes of the effect of the changes in the independent

variables [122].

In the survey it is not possible to apply any treatments to the independent variables

because we do not have control over the variables. We can only observe the differences in

the variables. The following three independent variables relate to SH1 and SH2:

\bullet The roles that participants have in a software project;
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\bullet The level of knowledge in software engineering that participants have;

\bullet The experience in software development that participants have.

We are interested in participants' roles and knowledge because they come from different

backgrounds and have different experience with transparency. For example, developers

might be familiar with transparency in networking; on the other hand, clients might be

familiar with transparency in governments and public participation. We are also interested

in participants' experience as participants with different levels of expertise might face

different communication problems.

The dependent variables for both SH1 and SH2 are the participants' responses to

the survey. In particular, we are interested in the frequencies of communication problems

reported by participants for testing SH1. To test SH2, we consider the different definitions

of transparency selected by participants.

5.1.6 Design

In this subsection, we describe the type of design for the survey. We also discuss the

ethical issues that arise from the survey in the following subsections.

Type of Survey Design

The type of survey design is cross-sectional which asks participants information at one

fixed point in time [59]. The survey is also a retrospective study. In the survey we ask

participants to provide information about their experience in software projects as well as

their knowledge about transparency. The web-based questionnaire used for the survey is

self-administered, participants can complete the questionnaire on their own.

Ethical Considerations

At the University of Auckland, it is required to apply to the University's Human Partic-

ipants Ethics Committee (UAHPEC) for conducting research that involves human par-

ticipants. Ethics approval is important because we need to ensure that our research does

not harm participants in any way. Following ethical issues arise from the survey, and the

survey addressed them:

1. Anonymity

To protect participants' privacy, we do not ask for information that might identify

individual participants in the survey. We also avoid questions that could potentially
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reveal information about other individuals or organisations. However, it is possi-

ble that participants accidentally reveal personal or organisational information. To

minimise the possibilities, we ask participants not to provide any identifying infor-

mation in their responses. All identifying information disclosed from the responses

is removed. In addition, the information provided by the participants is analysed

and reported anonymously.

Since the survey involves the use of a web-based questionnaire via SurveyMonkey (an

on-line survey provider), it is possible to identify participants and their locations

by their IP addresses. To protect participants' anonymity, we do not record IP

addresses nor do we ask participants for their email addresses or any information

that directly reveals their identities.

2. Confidentiality

To protect confidentiality of participants' answers, we do not make data available

to the public. We remove any identifying information in the responses. Since the

survey is designed to be anonymous, we have no information intentionally given

about the identity of participants.

3. Rights to withdraw

It is not possible for participants to withdraw data from our research after they

submit the web-based questionnaire. This is because the anonymous responses

make it impossible to identify any specific completed survey. Participants are made

aware that they cannot withdraw data after clicking the submit button at the end of

the web-based questionnaire. However, participants are entitled to withdraw from

involvement in the survey at any time before submitting the questionnaire.

4. Informed consent

Participants are not required to sign consent forms for the survey because the collec-

tion of the survey is anonymous. However, we include a consent page at the begin-

ning of the web-based questionnaire. This informs potential participants about the

survey and ensures that they understand what is involved in the survey. The consent

page also informs participants about their rights to withdraw from our research.
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5.2 Execution

In this section the execution of the survey involves what we prepared for conducting the

survey. This section also gives an overview of the web-based questionnaire procedure.

5.2.1 Preparation

To conduct the survey, we applied for ethics approval to the UAHPEC. We received the

approval from the ethics committee in September 2010 (see Appendix B for our application

submitted to the Ethics Committee).

To recruit potential participants from software industry, we emailed invitations for

participation to 40 software engineering graduates and several software professionals in

New Zealand. We chose software engineering graduates and software professionals because

they were most likely to be involved in software projects as developers or project managers.

To recruit other types of stakeholders such as user representatives or clients, we also

obtained permission to forward the invitations to a mailing list in the Faculty of Medical

and Health Sciences at the University of Auckland.

In the invitation email, we included a participant information sheet (PIS) which de-

scribed the purpose of the survey and the types of participants we sought. The PIS also

contained information about data storage, anonymity of responses as well as participants'

rights to withdraw from our research. We also provided a link to our survey web page in

both the PIS and the invitation email. Participation was entirely voluntary. Participants

were not required to sign consent forms because the survey was designed to be anonymous.

See Appendix B for the PIS and the invitation email.

5.2.2 Procedure

The survey was run between October 2010 and March 2011. We provided a link to the

web-based questionnaire for potential participants in the invitation email and the PIS.

Potential participants could answer the questionnaire at any time. Figure 5.1 illustrates

a screen shot of one part of the web-based questionnaire.

To start the web-based questionnaire, a consent page was presented to participants.

The main purpose of the consent page was to ensure that the participants understood the

conditions for taking part in the survey. The consent page only asked the participants

to tick ``agree"" or ``disagree"" to participation. Participants were not asked to sign their

names or to put any information that could be used to identify them on the consent page.

The questionnaire would proceed when the participants chose ``agree"" from the consent

page.
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Figure 5.1: A part of the web-based questionnaire used in the survey.

The web-based questionnaire was divided into the following web pages:

1. Participants Consent Form.

2. Demographics (Q1 -- Q3).

3. Gathering information and communication in software projects (Q4 -- Q14).

4. Transparency in software engineering (Q15 -- Q26) and Overall comments (Q27 --

Q28).

5. Thank you.

Participants were not required to answer all of the questions. They progressed through

the questionnaire using the ``Next"" and ``Prev"" buttons. When participants reached

the last page of the questionnaire (the thank you page), a ``Submit"" button appeared.

Participants were asked to click the ``Submit"" button to complete the questionnaire. Any

responses made without clicking the ``Submit"" button were treated as withdrawing from

participating in the research. These responses were not used in the research.
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5.3 Analysis

By March 2011, we received 21 complete responses. We considered complete responses

as those that completed more than 80\% of the questions and clicked the submit button

at the end of the questionnaire. There were 43 partial responses and complete responses

in total. Out of the 43 responses, only 22 clicked the submit button to complete the

questionnaire. We removed 1 response from the 22 responses because the response only

completed the first demographic question.

From the 21 complete responses, most participants did not answer the two open ques-

tions (Q27, Q28) at the end of the questionnaire. 18 participants answered the first 26

questions. There were three participants who did not answer some of the questions. One

participant missed Q12 and Q26. Q12 asked participants to report the frequency of com-

munication problems that they encountered when they were communicating with other

stakeholders. Q26 asked participants to rate the effectiveness of different techniques in

making information accessible, relevant, or understandable to stakeholders. One partici-

pant did not answer Q11 which asked participants to rate how helpful they found different

approaches were in helping them to communicate with other stakeholders. The other par-

ticipant did not answer Q21 which asked participants about the types of communication

problems related to our definition of transparency.

To perform statistical analysis, we transformed the frequency scale (Never, Seldom,

Frequently, and Always) into numerical values (0, 1, 2, and 3). Similarly, we changed the

five-point scale of ``Very poor, Poor, Average, Good and Very Good"" into numerical values

of 0, 1, 2, 3, and 4. Thus, we used the transformed values to count the frequency and to

test the two hypotheses. We also assigned values for missing responses in Q11, Q12, Q21

and Q26. We assumed that the questions were not applicable to the participants. For

example, in Q11 we asked participants to rate the effectiveness of each method/technique

for helping participants to communicate with other stakeholders. We assigned ``N/A"" as

the value for each method/technique listed in Q11.

The following sections present the statistical analysis of the 21 complete responses

gathered from the survey. We organise the analysis based on the structure of the ques-

tionnaire. In the last two sections, we present the results for testing the two hypotheses,

SH1 and SH2.
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5.3.1 Demographics

Of the 21 complete responses, 20 participants (95.2\%) were involved in software develop-

ment, followed by software testing (66.7\%) and software design (61.9\%). These percent-

ages show that most participants were involved in more than one aspect of a software

project. Figure 5.2 illustrates the number of participants involved in each aspect of a

software project. One participant also reported that he or she was a client for several

projects.

Most participants also have more than one role in a software project. Figure 5.3 shows

the number of participants involved in each role of a software project. Most participants

have roles as developer (81\%), requirements engineer (38.8\%), and architect (33.3\%). Two

participants also reported in the other category that they have the role of ``test analyst""

or ``tester"".

In the questionnaire, participants were asked to assess their knowledge or experience

in the following areas: the software project; requirements engineering; communicating

with different stakeholders; and software engineering.

On a five-point scale (Very poor, Poor, Average, Good, Very good), 16 participants

reported that they have good or very good knowledge of the software project. More than

half of the participants reported that they have good or very good knowledge of require-

ments engineering. Similarly, more than half of the participants said they have good or

very good knowledge of software engineering. Out of the 21 participants, 17 participants

also reported that they were good or very good at communicating with different stake-

holders. No participants rated themselves as being poor or very poor at communication.

Figure 5.4 illustrates participants' self-assessed knowledge or experience on a five-point

scale in the four areas specified.
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Figure 5.2: Number of participants involved in each aspect of a software project.

Figure 5.3: Number of participants involved in each role of a software project.
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Figure 5.4: Participants' self-assessments on how well they believe that their knowledge
or experience is in the areas specified.

5.3.2 Communication Problems in Software Development

We used three general questions to explore communication in software projects. The three

questions were then refined based on the roles of senders and receivers of the communi-

cation model. In the following sections, we present the results of these questions.

What information do stakeholders use in a software project?

When the participants were receivers of the communication model, they sought user re-

quirements as the type of information (85.7\%). The second type of information was

business objectives (81\%) and followed by design rationale (57.1\%). When the partic-

ipants were senders, the type of information that most participants used to convey to

other stakeholders was user requirements (66.7\%). This was followed by design ratio-

nale (61.9\%) and system specification (47.6\%). The most common type of stakeholders

that the participants communicated with was project manager (81\%), developer (66.7\%),

client (66.7\%) and user/user representative (52.4\%).

How do stakeholders communicate in a software project?

As illustrated in Figure 5.5, we asked our participants in Q5 of the questionnaire: ``How

do you get to know the information in the software project?"" This question enabled us

to explore ways receivers of the communication model used to receive information. The

top three ways that most participants reported frequently or always used are:
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1. ``I learn about the information by informal discussion with other members of my

organisation""

2. ``I consult informal documentation""

3. ``I have to search for the information that I need""

Figure 5.6 illustrates the effectiveness of each way for getting to know information

in a software project. ``I learn about the information by informal discussion with other

members of my organisation"", ``I have to search for the information that I need"", ``I consult

informal documentation"" and ``I learn about the information at planning meetings"" were

the top ways that most participants rated good or very good.

To explore how senders communicate with receivers, we asked our participants how

they communicated with other stakeholders about a software project. Figure 5.7 shows

the different usages by the participants to communicate with other stakeholders. The top

three ways that most participants reported frequently or always used are:

1. ``I give the information to other stakeholders at planning meetings""

2. ``I give information about the project by informal discussions with other members

of my organisation""

3. ``I ask other stakeholders to consult informal documentation""

We also asked our participants to rate the effectiveness of each way for communicating

with other stakeholders, shown in Figure 5.8. The top ways that most participants rated

good or very good are:

1. ``I give information about the project by informal discussion with other members of

my organisation""

2. ``I give the information to other stakeholders at planning meetings""

3. ``I give information about the project by informal discussion with clients""
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Figure 5.5: Frequency of using different ways for getting to know information in a software
project.

Figure 5.6: Effectiveness of different ways for getting to know information in a software
project.
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Figure 5.7: Frequency of using different ways for communicating with other stakeholders
about a software project.

Figure 5.8: Effectiveness of different ways for communicating with other stakeholders
about a software project.
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Q7. What problems do you encounter when trying to know the information
in the software project?

a) There are too many managers and clients to deal with.

b) The information is difficult to understand.

c) I don't know what information to look for in the software project.

d) I can't find the information or it is difficult to obtain the information that I need.

e) The information contains errors.

f) The given information is not what I need.

Q12. What problems do you encounter when you communicate with other
stakeholders?

a) There are too many managers and clients to deal with.

b) The information is difficult to understand for other stakeholders.

c) I don't know what information to give to other stakeholders.

d) Other stakeholders can't find the information or it is difficult to obtain the information.

e) The information contains errors.

f) The information given to the stakeholders is not what they need.

Questionnaire Text 1: Q7 and Q12 from the questionnaire for exploring the types of
communication problems encountered by our participants.

What are the communication problems in a software project that stakeholders

encountered?

To explore the types of communication problems encountered by receivers and senders of

the communication model, we constructed Q7 (receiver) and Q12 (sender) in the question-

naire. There were six types of problems listed in Q7 and Q12 as shown in Questionnaire

Text 1. We summarised each problem from Q7 and Q12 into one word, which can be

found in Table 5.1. Participants were asked to report the frequency of each problem

occurring in the software project.

Q7 is constructed to help us to find the types of problems that the participants en-

countered as receivers of the communication model. Figure 5.9 illustrates the frequency

of problems in getting to know information reported by the participants. In addition

to the problems listed in Q7, one participant commented on ``certain problems are not

mentioned in the documentation // Frequently"". The top three problems that most par-

ticipants reported frequently or always were:
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Question Number Type of Problem
Q7a, Q12a Manageability
Q7b, Q12b Understandability
Q7c, Q12c Competency
Q7d, Q12d Accessibility
Q7e, Q12e Accuracy
Q7f, Q12f Relevance

Table 5.1: Each type of problem listed in Q7 and Q12 of the questionnaire and its one-
word descriptor.

1. ``I can't find the information or it is difficult to obtain the information"" (accessibil-

ity).

2. ``The given information is not what I need"" (relevance).

3. ``The information contains errors"" (accuracy).

When the participants were senders, the types of communication problems encoun-

tered by the participants were slightly different. Figure 5.10 illustrates the frequency of

problems in communicating with other stakeholders reported by the participants. The

problems that most participants reported frequently or always encountered were:

1. ``The information is difficult to understand for other stakeholders"" (understandabil-

ity).

2. ``Other stakeholders can't find the information or it is difficult to obtain the infor-

mation"" (accessibility).

3. ``The information contains errors"" (accuracy).
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Figure 5.9: Frequency of each communication problem occurring in a software project
when participants were receivers of information.

Figure 5.10: Frequency of each communication problem occurring in a software project
when participants were senders of information.
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Figure 5.11: Number of participants who were familiar with the term ``transparency"" used
in each context.

5.3.3 Transparency in Software Development

In the third part of the survey, we asked participants questions about the term ``trans-

parency"" used in different contexts. We also asked participants questions about our pre-

liminary definition of transparency. In the following sections we summarise the responses

to these questions.

What does transparency mean to stakeholders?

As shown in Figure 5.11, more than 50\% of the participants were familiar with trans-

parency used in different contexts. In particular, 17 out of 21 participants were familiar

with transparency in the context of government, business and ethics. Out of 21 partici-

pants, 13 participants were also familiar with transparency used in public participation.

In addition, we received one response which referred to transparency in the context of

physics as ``light being able to pass through material"".
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We define transparency in software engineering as:

Enabling stakeholders to answer their questions about the software
project.

A stakeholder can be anyone involved in the software project, e.g. users, market analysts,
software engineers.

Questionnaire Text 2: Our preliminary definition of transparency presented to partici-
pants in the survey.

How do stakeholders perceive our definition of transparency?

Our preliminary definition of transparency was presented to the participants in the ques-

tionnaire as shown in Questionnaire Text 2. About half of the participants did not know

if our definition had been considered in software engineering. More than half of the

participants indicated that our definition was important to help them to know about

the software project and to communicate with other stakeholders (76.2\% and 81.0\% re-

spectively). Moreover, one participant mentioned that transparency ``allows for efficient

progress of the project as all the stakeholders are aware of their responsibilities in the

project and the various dependencies that might exist within the project"". However, one

participant commented that he or she did not understand our definition.

We also asked the participants if any terms other than transparency were used to

describe our definition in software engineering. Four participants answered no other term

was used to describe our definition in software engineering. Of the 21 participants, 14

participants did not know if any other terms were used. The remaining participants

answered the terms used in software engineering for our definition were ``modelling"",

``open communication"" and ``communication"".

Participants were asked to select the types of stakeholders that they thought required

our definition. As illustrated in Figure 5.12, the types of stakeholders that most partici-

pants indicated were developer (85.7\%) and client (85.7\%). The type of stakeholders that

fewest participants indicated was regulator (47.6\%). Two participants also commented

on other types of stakeholders who required transparency. One participant mentioned

the client's IT management team. The participant mentioned that only those in charge

of maintaining the software project needed to know about the whole project. The other

participant commented that ideally all the stakeholders required transparency.

In addition, the survey contained questions about which of the communication prob-

lems listed in Q7 and Q12 were also related to our definition of transparency. Out of

the 21 participants, 17 participants indicated that the accessibility problem from Q7 was

related to our definition. This was followed by understandability, accuracy, competency



70 A Survey to Explore Transparency in Software Engineering

Figure 5.12: Types of stakeholders that required transparency as reported by our partic-
ipants.

and relevance problems. Similarly, 16 participants indicated that the accessibility problem

from Q12 was related to our definition. This was followed by understandability, relevance,

accuracy, and competency problems. Figure 5.13 and Figure 5.14 show the problems listed

in Q7 and Q12 related to our definition as reported by the participants.

Participants commented on other communication problems that they thought were re-

lated to our definition. When trying to know the information in the software project, one

participant described the difficulty of getting information from business analysts. Another

participant commented on the difficulty of setting a question when some stakeholders such

as users did not have sufficient background in software engineering. When communicating

with other stakeholders, one participant commented that stakeholders ``understand the

information given in their own ways"". Furthermore, four participants commented on other

problems in software engineering that were related to our definition. The problems noted

by the participants were ``insufficient feedback from stakeholders. . . "", ``. . . [stakeholders

were] not being able to completely understand the given information"", ``. . . lack of ac-

countability"", and ``deliverables do not match requirements, needs"". At the end of Q22 of

the survey, we presented the three attributes of transparency as shown in Questionnaire

Text 3. We asked the participants to rate the importance of the three attributes to our

definition. All of the participants rated all three attributes important or very important
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We believe that in order to achieve [our concept] of transparency, the information pre-
sented in software projects should have the following attributes:

\bullet Accessibility. Information is accessible when it can be obtained easily.

\bullet Relevance. Information is relevant when it is appropriate to the expectations of
the stakeholders.

\bullet Understandability. Information is understandable when it can be perceived by
any stakeholders with reasonable knowledge.

Questionnaire Text 3: Our preliminary definitions for the three attributes of transparency
presented to participants in the survey.

to our definition.

In the responses collected, four participants commented on other attributes that would

be important to our definition. ``Accuracy"" was an important attribute to two partici-

pants. One participant commented that ``information must be valid and up-to-date.

Information must be tailored to the scope of requirements in order not to overwhelm

the stakeholders"". Another participant mentioned ``visual, diagrams representing enter-

prise/organisation, information flow etc. . . "" were important to transparency.
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Figure 5.13: Types of problems listed in Q7 that were related to our definition of trans-
parency as reported by our participants.

Figure 5.14: Types of problems listed in Q12 that were related to our definition of trans-
parency as reported by our participants.
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5.3.4 Transparency and Communication Problems

In order to test SH1, whether a majority of stakeholders frequently or always encounter

transparency problems, we focus on Q7 and Q12 of the survey. We perform statistical

analysis of the frequency data by first dividing the Likert scale into two categories: ``Never

or Seldom"" (N + S) and ``Frequently or Always"" (F + A). The values assigned to the

two categories are 0 and 1 respectively. A frequency count is performed to determine the

number of ``frequently or always"" participants who had any of the transparency problems

of accessibility, understandability or relevance specified in Q7 and Q12. The data show

that 17 participants reported that they ``frequently or always"" encounter one or more

transparency problems and four participants reported that they ``never or seldom"" en-

counter any transparency problems. The observed proportion of (F + A) to the observed

proportion of (N + S) is 0.81:0.19.

We hypothesise that 50\% of the ``never or seldom"" participants had any transparency

problems. Given the hypothesised proportion of (N + S) = 0.5, a binomial test reveals

the probability of finding four or fewer ``never or seldom"" participants who had any

transparency problems is 0.004. This probability is less than the 0.05 level of significance.

The binomial test gives us high confidence that the proportion of (N + S) is less than 0.5.

The proportion of (F + A) is at least 0.5, which supports our hypothesis SH1.

We then examine whether some types of communication problems occur more fre-

quently than others. Two 95\% confidence interval graphs are plotted as shown in Figure

5.15. It seems that participants have more problems with accessibility and understand-

ability when they were receivers of information. However, there is insufficient evidence in

Figure 5.15a to conclude that there is any significant difference between the occurrence

of problems. This is because the confidence intervals for the occurrence of problems over-

lap each other. It seems that participants have problems with understandability more

frequently than problems relating to competency and relevance when they were senders

of information. There is a small overlap between the confidence intervals for understand-

ability problems and problems with competency and relevance as shown in Figure 5.15b.

We also examine any differences in the occurrence of communication problems when

our participants are receivers or senders of information. We take the most frequent com-

munication problem as reported by our participants and compute the means to see on

average how frequently (Never, Seldom, Frequently, Always) our participants encounter

any of the communication problems. When our participants were receivers, the mean is

1.90, with standard deviation 0.63. When our participants were senders, the mean is 1.67,

with standard deviation 0.86. On average, receivers encountered any of the communica-

tion problems more frequently than senders of information.
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(a) Receivers of information (Q7).

(b) Senders of information (Q12).

Figure 5.15: 95\% confidence interval for the (F + A) proportion of communication prob-
lems reported by our participants when they were: a) receivers of information and b)
senders of information.
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In addition, we compute the mean responses for each of the problems listed in Q7

and Q12 by the (N + S) and (F + A) categories. The values are 0 and 1 respectively.

The means are 0.33 (manageability), 0.29 (understandability), 0.24 (competency), 0.48

(accessibility), 0.43 (accuracy), and 0.48 (relevance). The overall mean for the problems

listed in Q7 is 0.37, with a standard deviation 0.31. The mean responses indicate that

the participants encountered problems more than ``seldom"" when they were receivers of

information. The most common problems are accessibility and relevance. The means

for the problems listed in Q12 are 0.14 (manageability), 0.48 (understandability), 0.10

(competency), 0.33 (accessibility), 0.29 (accuracy), and 0.10 (relevance). The overall

mean is 0.24, with a standard deviation 0.28. The most common problem encountered by

the participants is understandability, in which the mean is much higher than other mean

values in Q12 as well as the mean value for understandability in Q7. However, the mean

responses for other problems in Q12 are lower than their counterparts in Q7. The means

suggest that the participants have less difficulty when they were senders of information.

The analysis suggests that there might be a difference in the occurrence of commu-

nication problems in a software project depending on the sender or receiver role of our

participants. A statistical analysis of the difference can be found in our paper on the

survey [114] which reveals an apparent asymmetry in responses to Q7 and Q12. In the

paper, we assume the Likert responses of never, seldom, frequently, and always are prob-

abilities of occurrence with ratios 0:1:2:3. The overall mean for the problems listed in

Q7 is 1.32, with a standard deviation 0.50. The overall mean for the problems listed in

Q12 is 1.10, with a standard deviation 0.50. A paired-samples t-test value is 0.002, which

indicates that the difference in the occurrence of communication problems is statistically

significant with high confidence [114].

In summary, the analysis gives mild support to our hypothesis that a majority of stake-

holders frequently or always encounter communication problems related to transparency

problems. The most common communication problems reported by our participants were

problems with accessibility, understandability, and relevance. The confidence intervals

and mean responses indicate that our participants encountered any transparency prob-

lems more often than seldom. The statistical test supports our hypothesis that a majority

of our participants frequently or always encounter some transparency problems.

5.3.5 Familiarity of Transparency in Different Contexts

We consider Q15 of the questionnaire to test SH2, whether a majority of stakeholders are

familiar with transparency used in more than one context. We asked participants in Q15,

``are you familiar with the term `transparency' used in the context of...?"" Figure 5.11
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shows different contexts in which transparency appeared and the number of participants

who were familiar with transparency in those contexts. To perform statistical analysis of

SH2 using data from Q15, we divide the responses into two groups:

\bullet Group 1: Participants unfamiliar with transparency or participants familiar with

transparency used in only one context, and

\bullet Group 2: Participants familiar with transparency used in more than one context.

We perform a frequency count to determine the number of participants in Group 1

(n1) and the number of participants in Group 2 (n2). Group 1 consists of participants who

selected ``I am not familiar with the term `transparency' used in any context"" or one of

the transparency definitions listed in Q15. Group 2 consists of participants who selected

more than one of the transparency definitions listed in Q15. Of our 21 participants, six

were in Group 1 (n1 = 6) and fifteen were in Group 2 (n2 = 15). If our participants were

representative of the population of software project stakeholders, we could conclude that

about one-third (n1/21 = 0.29) are familiar with at most one definition of transparency,

and two-thirds know multiple definitions of this term. We also find that only two partic-

ipants from Group 1 were not familiar with transparency. This suggests that almost all

(19/21) of our participants were familiar with at least one definition of transparency.

To test SH2, we construct a null hypothesis. We hypothesise that there is no difference

between Group 1 and Group 2. A binomial test reveals that the probability of finding 6

or fewer participants in Group 1 is 0.039, which is less than the 0.05 level of significance.

The test gives us high confidence to support SH2, in which the proportion of Group 1 is

less than 0.5 and the proportion of Group 2 is at least 0.5.

In addition, we refine SH2 to see whether our participants in Group 2 were familiar with

different definitions of transparency. All 15 participants reported that they were familiar

with transparency in the context of government, business, and ethics; in those contexts

transparency has the meaning of making information visible. Of these 15 participants,

11 participants were also familiar with transparency used in computing which has the

paradoxical meaning of hiding information from people.

In summary, the statistical analysis supports our hypothesis SH2. At least 50\% of the

participants were familiar with transparency used in more than one context. About 70\%

(15/21) of our participants were familiar with transparency in the context of government.

Among participants in Group 2, about 70\% of our participants (11/15) were also familiar

with the definition of transparency in the context of computing.
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5.4 Threats to Validity

In this section we discuss threats to the validity of the survey and mitigations to these

threats. We consider the four main types of validity as discussed by Wohlin et al. [122]

in the following subsections.

5.4.1 Conclusion Validity

According to Wohlin et al. [122], conclusion validity is concerned with the statistical

relationship between the treatment and the outcome of an experiment. In the survey,

we need to be aware of any threats that could affect the conclusions made about our

hypotheses, SH1 and SH2.

The main threat to conclusion validity is the conversion of ordinal scale (e.g. Never,

Seldom, Frequently, Always) to numerical values. We perform statistical tests using the

transformed numerical values, which could violate statistical rules for analysing ordinal

data. This could affect the results of the statistical analysis. In the analysis of our

survey, we transform the Likert scale for Q7 and Q12 into numerical values for testing

SH1 (whether a majority of stakeholders frequently or always encounter transparency

problems). We convert the Likert scale into dichotomous variables: 0 for ``Never or

Seldom"" and 1 for ``Frequently or Always"". We also use a binomial test for any differences

between the two proportions. Similarly, we use a binomial test for testing SH2. According

to Kitchenham and Pfleeger [59], converting an ordinal scale to dichotomous variables is

one approach to avoid scale violations. Therefore, the conversion of ordinal scale to

numerical values is reasonable for analysing our data.

5.4.2 Internal Validity

Internal validity is concerned with whether there is a causal relationship between the

treatment and the outcome of an experiment [122]. We need to ensure that the outcome

is derived from the controlled variables of the experiment and not from the results of

uncontrolled or unknown factors.

However, it is difficult in the survey to determine any causal relationship. This is

because we did not have control over the independent variables. Moreover, we did not

construct any causal hypotheses in the survey. We could only observe the differences in

the variables. Therefore, there are no threats to internal validity in the survey.

Determining causation of problems in communication is future experimentation and

research. An experiment could also confirm that transparency actually affects the fre-

quency or severity of communication problems in software engineering.
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5.4.3 Construct Validity

Construct validity is concerned with how well the treatment and the outcome reflect the

concept or theory behind an experiment [122]. In the survey we need to assess whether

the questions constructed actually test the two hypotheses, SH1 and SH2.

The main threat to construct validity is the survey design, in which we rely on partic-

ipants' observations in software projects. For example, Q7 and Q12 in the questionnaire

are created to explore different types of communication problems from participants' per-

sonal experience. Similarly, in the demographics section, we ask participants to self-assess

their knowledge and experience in software projects.

Another threat is the wording of the questions in the survey, which could also affect the

conclusion validity of the survey. If the wording of the questions is ambiguous, participants

could respond poorly to the questions. One possible threat to the validity of our analysis

is the wording of Q7 and Q12. We intend to use Q7 and Q12 to explore participants'

experience with the most recent software project in which they were involved. However,

the wording of Q7 and Q12 does not make this clear. Some participants might have

reported their experience with different software projects. The responses to Q7 and Q12

do not reveal any significant impact from this threat.

Although there was a possible confusion about ``project"", Q7 and Q12 should exhibit

participants' perception of problems in communication. The two questions should also

reveal whether there is a correlation between transparency and communication problems.

The responses to Q7 and Q12 give us some evidence to test SH1 concerning the types of

communication problems that participants have encountered in different software projects.

5.4.4 External Validity

External validity is concerned with generalising the results obtained from the experi-

ment [122]. The main threat to external validity is the choice of using convenience sam-

pling in the survey. We cannot generalise about the entire population involved in the

software industry. This is because our participants are limited to one type of the target

population, mainly software developers. Moreover, our participants might not be repre-

sentative for the whole population of software developers due to small sample size. For

example, the survey responses suggest that about two-thirds of our participants were fa-

miliar with more than one definition of transparency; the probability of finding less than

half of our sample population who were not familiar with transparency is unlikely. We can

generalise this finding to conclude that more than half of all software developers are likely

to be familiar with more than one definition of transparency. However, this conclusion

is subject to a threat of external validity due to a small sample size. Results that show
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less than half of other samples of software developers who are familiar with transparency

could refute this conclusion.

Our results are limited to software developers. Our results might change if the type

of our sample change. For example, if our participants are not software developers, but

are all project managers, the responses to the the types of communication problems

encountered by them (Q7 and Q12) might be different. We might find that project

managers encounter manageability problems more frequently than other problems. They

might also have other communication problems such as time differences and language

barriers when their developers and clients are in disparate locations.

To address this threat, we can reuse our survey in the future with other convenience

samples of software developers. We can also reuse our survey with other types of stake-

holders such as end users and project managers in the future.

5.5 Summary

In this chapter we present our design of the survey, the execution of the survey, and sta-

tistical analysis of its results. The survey is conducted in the early stage of our research to

explore communication problems that stakeholders have encountered in software projects.

It is also used to evaluate our preliminary definition of transparency and to define a more

precise scope for transparency in software engineering. In Section 5.3, we present the

descriptive statistics of the responses as well as the hypothesis testing for SH1 and SH2.

The findings from the survey are indicative because of the small number of software

project stakeholders who responded to the survey. The analysis suggests mild support to

our hypothesis SH1, whether a majority of stakeholders frequently or always encounter

transparency problems. The responses from the participants show that transparency is a

common problem in communication. Problems with accessibility, understandability and

relevance are the top communication problems reported by our participants. In addition

to the transparency problems, our participants reported accuracy as another common

type of communication problem. The mean responses for these problems are between

0.33 and 0.48, suggesting that these problems occur more than seldom in communication.

Furthermore, the responses show that more than 50\% of the participants were familiar

with transparency used in more than one context. The results of this lend support our

hypothesis SH2, whether a majority of stakeholders are familiar with transparency used

in more than one context. We also find that many participants were familiar with two

different meanings of transparency used in government and computing.

Despite the small sample size, the responses help us to gain insights into different
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types of communication problems. We also discover some interesting points for future

investigation from the analysis of the responses. Furthermore, the findings from the

survey enable us to improve our definition of transparency.

In the next chapter, we present an experiment for the evaluation stage of transparency.

This experiment compares the effectiveness of two types of requirements documents with

different degrees of transparency in presenting functional requirements of a software sys-

tem. We present our design, execution and results of the experiment in the next chapter.

We also discuss threats to the experiment's validity and summarise the findings.



6
An Experiment to Evaluate

Transparency

In previous chapters we explored how transparency was defined in software engineering

literature. We also conducted a survey to collect opinions about our preliminary definition

of transparency. In this chapter we present our experiment to test whether transparency is

an important attribute in the context of requirements engineering. The evidence collected

from the experiment helps us to test our hypotheses about the importance of transparency

in requirements engineering.

As discussed in Chapter 4.2.2, we design an experiment to compare different require-

ments documents. Two different types of requirements documents, requirements written

in natural language and the use case model, present functional requirements of a soft-

ware system to stakeholders. We hypothesise that the use case model is more effective

than requirements written in natural language for stakeholders to answer questions about

the functional requirements of a software system. This is because our preliminary trans-

parency analysis in Section 6.1.5 suggests that the use case model is more transparent

than requirements written in natural language.

This chapter has four main sections based on the reporting guidelines by Jedlitschka

et al. [57] as with Chapter 5. The first section has a description of the experimental

design. In this section, we also discuss our preliminary transparency analysis of the two

81
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types of requirements documents. In the second section we describe the execution of our

experiment. We then present our analysis and findings in Section 6.3. Lastly, we discuss

threats to validity of our experiment and summarise our findings.

6.1 Experimental Design

This section presents the planning of our experiment. The main goal and research ques-

tions are presented in Section 6.1.1. Section 6.1.2 describes the target population and

the sampling method for our experiment. The experimental materials and the tasks to

be performed by participants are presented in Section 6.1.3 and Section 6.1.4. The hy-

potheses to be tested in our experiment are discussed in Section 6.1.5. In Section 6.1.5,

our preliminary analysis of which requirements document is more transparent is also dis-

cussed. In the last part of this section, the type of experimental design as well as ethical

considerations are discussed.

6.1.1 Goal

The experiment is designed to collect evidence to support or refute one of the hypotheses

derived from RQ3, how important is the concept of transparency to successful software

development? The main hypothesis to test in the experiment is:

A transparent requirements document is more effective for develop-

ers to answer questions about the requirements of a software system

than a non-transparent requirements document.

We aim to compare different types of requirements documents which have different

degrees of transparency in presenting software requirements to developers. We further

refine the hypothesis into the following questions:

EQ1. Will participants spend less time in answering questions about require-

ments of a software system using a more transparent requirements document?

With this question we compare the time spent by participants to answer questions in the

experiment. We aim to use time measure as an indication of how well the requirements

documents help participants to answer their questions.
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EQ2. Will participants answer questions more correctly using a more trans-

parent requirements document?

We construct this question to compare answers made by participants using different types

of requirements documents. This question aims to compare the effectiveness of require-

ments documents in helping participants to answer questions correctly.

EQ3. Will participants be more confident about their answers using a more

transparent requirements document?

With this question we test whether participants who use a more transparent requirements

document are more confident in their answers. We plan to answer this question by com-

paring the responses made by participants on how well they think they answered the

questions correctly.

6.1.2 Participants

This subsection presents the target population for the experiment. The sampling method

for the experiment is also described.

Target Population

The target population for the experiment is software professionals. For example, soft-

ware developers, requirements engineers, and test analysts are our potential participants.

We aim to recruit participants from software industry because they are likely to have

experience in using different types of software artefacts for their work.

In addition to software professionals, we aim to recruit tertiary students in software

engineering, computer science, information technology, or other related areas. Students

studying in these areas are likely to be familiar with software artefacts or parts of software

artefacts. This is because they are often required to read requirements, software models,

or code for their assignments and projects. Training of students is therefore not required

for our experiment. Moreover, it is easier to recruit a large number of students within the

time and financial constraints of the research.

Sampling Method

Similar to the sampling method of our survey, convenience sampling is used for the exper-

iment. We consider any software professional who is willing to participate as a potential

participant. Any tertiary student who is majoring in software engineering-related degrees

and is willing to participate is also considered a potential participant.
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6.1.3 Experimental Materials

The experiment involves the use of two different types of requirements documents and

a questionnaire. The first requirements document is an actual requirements document

(UAM IMS Requirements Specification) which describes an integration of an accommo-

dation management system (UAM) and an identity management system (IMS) for a

particular organisation. The second document is a use case model, which we created

using the information from the requirements specification document. A questionnaire is

also constructed for participants to answer questions about the requirements documents.

In the following sections, we describe these materials for the experiment in detail.

UAM IMS Requirements Specification

The UAM IMS Requirements Specification (ReqSpec) document is written in natural

language (see Appendix F for the complete document). It does not follow any specific

formats or standards. The document is 39 pages long and contains four main sections:

1. Summary

The first section is a summary of the integrated system. This section contains

information about the background, scope, dependencies, references, and a glossary

of terms used.

2. Solution Overview

This section provides a description of the integrated system. It describes how the

identity management system is used in the accommodation management system.

3. Functional Specification

In this section, information about the functional requirements of the integrated

system is presented. This section is the major part of the document, which contains

the process models, business rules, assumptions, functional requirements, and data

requirements for the system. It also includes screenshots of the user interface as

well as non-functional requirements and test scenarios.

4. Approval and Change Control

The last section of the document is a record of the changes made in the document.

The version number of the document, description of change and the authors are

recorded in this section.
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The organisation that created the ReqSpec document and implemented the inte-

grated system provided the ReqSpec document for use in the experiment. To protect

the anonymity of the organisation, we first read through the original document and high-

lighted parts that identified the organisation. We then changed the highlighted parts

including the name of the organisation and names of systems specific to the organisation.

We also modified the screenshots of the integrated system to remove the logo of the or-

ganisation as well as any text that might identify the organisation. Finally, we removed

the names of people who were involved in producing and reviewing the document.

Use Case Model

The use case model (UCM) document is created by extracting information from the

ReqSpec document (see Appendix G for the complete document). We chose the use case

model as the second requirements document type because it is used to capture functional

requirements of a software system [45].

To construct use cases for our experiment, we follow the template guidelines by Anda

et al. [5]. The template guidelines include a template for describing an actor and a

template for describing a use case.

The UCM document has 17 pages in total. It contains five main sections:

1. Summary

The first section is a summary of the integrated system. This section provides

information about the background of the accommodation management system and

the identity management system. It also provides a glossary of terms used in the

document. The information presented in this section is the same as the information

presented in the ReqSpec document.

2. Solution Overview

In this section, an overview of the integrated system is presented. This section

has the same information as the solution overview section provided in the ReqSpec

document.

3. Use Case Diagram

This section presents a use case diagram of the integrated system. The use case

diagram is constructed using the UML Use Case template in Microsoft Visio. The

diagram illustrates five actors and 11 use cases that we identified from the ReqSpec

document.
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4. Actors

The fourth section of this document provides information about the actors involved

in the use cases. The template guidelines provided by Anda et al. [5] are used

for describing the actors. Each actor involved in the integrated system has a brief

description and an example. Information about the actors is extracted from the

ReqSpec document with minimal changes to the original text.

5. Use Cases

In the last section of this document, 11 use cases that are constructed using the

template guidelines [5] are presented. Each use case is presented in a table form

with information about actors, trigger, prerequisites, post-conditions and normal

flow of events. Any variations and associations with the use case are also included

in the table. All use cases are based on the original text of the ReqSpec document.

Questionnaire

The questionnaire for our experiment contains 23 questions for participants from software

industry and 26 questions in total for student participants. Some of the questions are

optional if participants run out of time (see Appendix E for the complete questionnaire).

To minimise bias in favour of the UCM document, the questionnaire is constructed based

on the wording in the ReqSpec document (see Section 6.4.3 Construct Validity for more

detail on how we minimise such bias). The questionnaire is divided into the following

sections:

1. Demographics

There is a different version of the first section, one for participants from the software

industry and another for students. For participants from the software industry,

there are six demographic questions in total. Participants are asked to answer

questions about aspects of a software project that they are involved in, their roles

in a software project, and their years of working in the software industry. They

are also asked about how they get to know software requirements and how effective

different types of documents or models are in helping them to understand functional

requirements. The last question of this section is optional for participants to answer.

The question asks for types of documents or models that participants prefer to use

for understanding functional requirements of a software product.

For student participants, there are nine questions in this section. Student partic-

ipants are asked questions about their tertiary institution, degree and major, and
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year of study. They are also asked to select from a list of software models or mod-

elling methods that they have studied. In addition, we ask student participants for

their work experience in the software industry. If student participants have worked

or are currently working in the software industry, they are asked questions relat-

ing to their work experience. These questions are the same as the ones given to

participants from software industry except for the first two questions about their

involvement in a software project.

2. Part 1. Reviewing Functionality of a Software System (P1Q1 -- P1Q8)

This section is the main part of our experiment, where we set a 40-minute time limit

on participants in answering questions. The purpose of this section is to help us to

compare the effectiveness of the two requirements documents in terms of time (EQ1)

and correctness (EQ2). In this section we ask each participant to review one type

of requirements document. Participants are asked to answer questions based on the

information provided in the document. They are also asked to write down problems

if they could not answer the question rather than leave it blank. In addition, we

ask participants not to spend more than 10 minutes on question P1Q4.

This section contains eight questions in total. The first question asks participants

to write down the type of requirements documents that they receive at the start of

the experimental session. Participants are then asked to record the time they start

answering this section. From questions P1Q3 to P1Q7, participants are asked about

the software system described in the requirements documents. The questions are

organised in the order of ease in locating answers in the ReqSpec document. All

questions, except P1Q7, have specific answers found in the ReqSpec document and

the UCM document. There is no clear information from the ReqSpec document to

answer P1Q7. The last question P1Q8 asks participants to record the time when

they finish answering this section of the questionnaire.

3. Part 2. Overview of the Software Document (P2Q1 -- P2Q9)

In this section of the questionnaire, we ask participants nine questions about their

opinions on the requirements documents. Only questions P2Q4 to P2Q6 are com-

pulsory for participants to answer. The first three questions (P2Q1 -- P2Q3) ask

participants if the documents contain any duplicated or redundant information, if

there are any inconsistencies or errors in the documents, and if any information is

missing from the documents.

We ask participants questions relating to the three attributes of transparency in

P2Q4 to P2Q6. The three attributes, accessibility, understandability, and relevance,
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are not explicitly stated in the questions. In P2Q4, we ask participants if they

have to go through different parts of the requirements documents to answer one

of the questions from Part 1 (P1Q6). In P2Q5, we ask participants to rate how

well the documents help them to identify information, to read only the relevant

information that they need, and to understand the functionality of the software

system. To answer our research question about participants' confidence (EQ3), we

ask participants in P2Q6 to assess how well they think they answer questions in

Part 1 correctly.

The last three questions (P2Q7 -- P2Q9) of this section are optional. In P2Q7,

participants can comment on any problems that they encounter if they ran out

of time to answer questions in Part 1. In P2Q8, participants can comment on

how much they like the requirements documents and how they would improve such

documents. Finally, participants can also comment on any problems or concerns

regarding software artefacts or communication with other stakeholders in P2Q9.

6.1.4 Tasks

The experiment involves participants reading either a ReqSpec document or a UCM doc-

ument and answering a questionnaire. From our pre-test of the experiment, we estimate

that the experiment takes up to one hour. The participants' main tasks are to answer the

questionnaire and to read the requirements documents given to them at the beginning of

the experimental session. Participants are not required to read everything provided in the

documents. They need to read only the parts that they think can help them to answer

questions in Part 1 of the questionnaire.

6.1.5 Experimental Hypotheses

This subsection describes the hypotheses to be tested in the experiment. The variables

of the experiment are also described in this section. Before presenting the experimental

hypotheses, we first discuss our preliminary transparency analysis of the two requirements

documents for the experiment. The purpose of the preliminary transparency analysis is to

help us determine which requirements document is more transparent for the experimental

hypotheses.

Preliminary Transparency Analysis

The main goal of the experiment is to test whether a more transparent document allows

stakeholders to answer questions more effectively than a less transparent document. To
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test this, we need to first determine if the ReqSpec document or the UCM document is

more transparent. We determine which document is more transparent by comparing the

documents in terms of each attribute of transparency:

\bullet Accessibility.

We evaluate the accessibility of requirements documents based on the three ques-

tions for determining the accessibility of information as discussed in Chapter 3. The

first question relates to whether the communication channel is available to stake-

holders. In our experiment, the ReqSpec document and the UCM document are

both available to our participants.

The second question is about the format in which the information is presented. We

assume that our participants can use the documents which are in either paper or

electronic format (PDF).

The last question to determine the accessibility of information is stakeholders' ease

in reaching the location in the information source within a reasonable amount of

time. In the UCM document, the structure for describing actors and use cases is

based on the template guidelines by Anda et al. [5]. We use these template guidelines

because the results from the experiment conducted by Anda et al. suggest that it is

easier for developers to find information in use cases that are based on the template

guidelines than use cases that are constructed using other types of guidelines.

We believe that our participants can more easily locate the page where they think the

answer is by using the UCM document than by using the ReqSpec document. This

is because the UCM document contains fewer pages than the ReqSpec document.

Moreover, information about the functionality of the software system is presented

in tables in the UCM document whereas information in the ReqSpec document is

mostly presented in plain text. We believe that it is easier for participants to find a

particular piece of information in the UCM document as participants can identify

different parts of the information presented in tables better than the information

presented in plain text.

The UCM document seems to allow participants to locate information that is likely

to answer their questions more easily than the ReqSpec document. Thus, we be-

lieve that the UCM document is more accessible than the ReqSpec document for

stakeholders to obtain information to answer questions about the functionality of a

software system.
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\bullet Understandability.

The understandability of information is determined by stakeholders' ease in recog-

nising the meaning of information within a reasonable amount of time. We believe

that there is no difference for our participants in understanding information about

a software system using the ReqSpec document and the UCM document. Although

some participants might be unfamiliar with use case models, information presented

in the UCM document is written in natural language which is the same as the in-

formation presented in the ReqSpec document. The description of the functional

requirements in both documents contains little technical detail. We believe that our

participants can understand what is presented in the documents within the experi-

ment session. Moreover, according to Leffingwell and Widrig [63], use cases provide

``related, cohesive threads of behavior, or scenarios, that can be understood by both

the user and the developer"". This suggests that any stakeholder can understand

the information provided in use cases. Hence, we believe that the information pre-

sented in the ReqSpec document and the UCM document is understandable to our

participants. There should be no difference in the understandability of information.

\bullet Relevance.

The relevance of information is determined by three questions. The first question is

how quickly our participants can answer their questions. This question is difficult

to answer because we need to measure and compare the time participants need

to answer questions. We believe that participants using the UCM document can

answer questions more quickly than participants using the ReqSpec document. We

reason that there is less information in the UCM document that is irrelevant to

the functionality of the system than in the ReqSpec document. We believe that

participants spend less time reading information from the UCM document than

from the ReqSpec document.

The second relevance question is how directly connected the information is with

stakeholders' questions. In the experiment, we set questions for our participants

to answer. The questions are related to the functional requirements of a software

system. Since use case model is used to capture functional requirements [45], we

believe that the information in the UCM document is more directly connected to

our questions than information in the ReqSpec document.

The third relevance question is, does the information answer stakeholders' questions

sufficiently? This question is difficult to answer because it is difficult to determine

the helpfulness of this information in answering the questions. Both documents have
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the same information about the functional requirements of a software system that

we think is sufficient for our participants to answer most of the questions in Part 1 of

the questionnaire. However, we think that participants are more likely to read less

irrelevant information using the UCM document than the ReqSpec document. This

is because information about the same functionality of a software system is grouped

in the same use case in the UCM document, whereas the information in the ReqSpec

document is scattered. We think that participants using the ReqSpec document are

likely to go to another location within the document to find information to answer

their questions than participants using the UCM document. Therefore, we think

the information provided in the UCM document is more relevant to our participants

than the information provided in the ReqSpec document.

Table 6.1 summarises our preliminary transparency analysis. Based on the questions,

we determine that the information in the UCM document is more accessible and more

relevant to our participants than the information in the ReqSpec document. Therefore,

the UCM document is more transparent in helping stakeholders to answer questions about

the functional requirements of a software system than the ReqSpec document.
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Attributes of
Transparency

Questions Summary of Analysis

Is the communication channel
available for stakeholders to find
answers to their questions?

Both ReqSpec and UCM docu-
ments are available to our partic-
ipants.

Accessibility
How easily can stakeholders use
the format in which the informa-
tion is presented?

The formats of the documents, ei-
ther paper or PDF, can be used
by our participants.

How easy can stakeholders access
information from the channel that
they believe is likely to answer
their questions within a reason-
able amount of time?

The UCM document contains
fewer pages and the information
is presented in tables. The UCM
document is better in terms of
helping stakeholders to reach the
location within the channel than
the ReqSpec document.

Understandability

Once stakeholders obtain the in-
formation, how easily can they
recognise the meaning of the in-
formation within a reasonable
amount of time?

The description of the functional
requirements contains little de-
tail in the ReqSpec document and
the UCM document. Our partic-
ipants can understand the infor-
mation presented in both docu-
ments within the experiment ses-
sion.

How quickly can stakeholders an-
swer their questions using the in-
formation?

The UCM document has more
relevant information to the func-
tionality of the system than the
ReqSpec document has.

Relevance
How directly connected is the
information with stakeholders'
questions?

The UCM document only con-
tains information about the func-
tional requirements of the system.

Does the information answer
stakeholders' questions suffi-
ciently?

Information about the same func-
tionality is grouped in the same
use case in the UCM document
whereas information is scattered
in the ReqSpec document. Par-
ticipants are likely to go to an-
other location within the Re-
qSpec document to find informa-
tion to answer their questions.

Table 6.1: Summary of the preliminary transparency analysis.
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Hypotheses

To test the main hypothesis of our experiment, we derive the following hypotheses. Each

hypothesis corresponds with the research questions EQ1, EQ2, and EQ3, respectively.

EH1. There is a difference in the time spent by participants using the UCM

document and participants using the ReqSpec document to answer questions

in Part 1 of the questionnaire.

EH2. There is a difference in the number of questions answered correctly in

Part 1 of the questionnaire by participants using the UCM document and by

participants using the ReqSpec document.

EH3. There is a difference between the confidence of participants using the

UCM document and the confidence of participants using the ReqSpec docu-

ment in their answers to Part 1 of the questionnaire.

Variables

In our experiment, the independent variable for EH1, EH2 and EH3 is the type of re-

quirements documents that we give to our participants. The dependent variables are the

time spent by participants to answer Part 1 of the questionnaire for EH1; the number

of correct answers made by participants in Part 1 of the questionnaire for EH2; and the

confidence level by participants about their answers for EH3.

We are also observing the differences in experience between two groups of participants

in our experiment. The first group consists of undergraduate students. The second group

consists of graduate students and participants from software industry. We divide the

participants into these groups because we believe that graduate students and industry

participants are likely to have more interactions with different types of software artefacts

than undergraduate students. We want to know if graduate students and industry par-

ticipants spend less time on answering questions in Part 1 than undergraduate students,

and whether graduate students and industry participants answer more questions in Part

1 correctly than undergraduate students.
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6.1.6 Design

This section describes the type of design for the experiment. This section also discusses

the ethical issues that arise from the experiment.

Type of Experimental Design

Our experiment is a between-subjects design in which each participant is subject to only

one treatment, treatment ReqSpec or treatment UCM. That is, each participant reads only

one type of the requirements documents, either a ReqSpec document or a UCM document.

Each participant is assigned to one treatment instead of two treatments for the experiment

to avoid carryover effects, where participants could become more accomplished through

practice and experience [101].

Participants in our experiment can choose to participate either in-person or on-line,

to be discussed in later sections. For the in-person experiment, the researcher hands

participants printed copies of the consent forms, the requirements documents and the

questionnaire. The researcher is present at all times during the experiment session to

answer any questions. For the on-line experiment, the questionnaire is self-administered.

Participants receive the requirements documents in PDF format and a link to the web-

based questionnaire via email. Participants complete the web-based questionnaire on their

own.

Ethical Considerations

Similar to our survey design in Chapter 5, we consider the following ethical issues that

helped to shape the experiment:

1. Anonymity

There is some small likelihood that participants' handwriting is recognisable to

the researcher in the in-person experiment. To minimise this risk, consent forms

are distributed and collected separately from the questionnaire. Participants are

asked to put the consent forms face down on the table so the researcher cannot see

their handwriting. The consent forms are stored separately from the questionnaire.

Thus, the researcher cannot associate the names with participants' handwriting.

Handwriting from the consent forms is not compared with the handwriting from

the questionnaire.

Moreover, to protect participants' privacy, we do not ask for any identifying infor-

mation in the questionnaire. We do not record any identifying information such

as IP addresses in the responses collected. We remove all identifying information
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disclosed from the responses. Furthermore, we analyse and report the information

provided by participants anonymously.

2. Confidentiality

Similar to our survey, all data collected are not made available to the public. Access

to all the data collected for the experiment is limited to the supervisors and the

researcher. The information provided by participants is reported anonymously.

3. Rights to withdraw

Similar to our survey, participants cannot withdraw data from our experiment due

to the anonymous questionnaire. We cannot identify individual participants and

their responses once they returned the questionnaire to the researcher or submitted

the questionnaire on-line.

4. Informed consent

Participants are not required to sign consent forms for the on-line experiment. How-

ever, we include a consent page at the beginning of the web-based questionnaire

which is similar to the format of the survey. The purpose of the consent page is to

inform participants of what is involved in the experiment.

5. Conflict of interest

There is a small likelihood that our participants are students of the supervisors of

this research. To avoid conflict of interest, participants are contacted by the re-

searcher only. The experiment sessions are conducted by the researcher only. The

supervisors are not involved in any of the experiment sessions. Student partici-

pants are made aware that their grades would not be affected by taking part in our

experiment.
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6.2 Execution

This section describes the execution of our experiment. We describe the preparation for

conducting our experiment. We also give an overview of the experimental procedure.

6.2.1 Preparation

To conduct our experiment, we applied and received ethics approval from the UAHPEC

in May 2012. The application can be found in Appendix D, which contains information

about the ethical considerations as discussed in the previous section as well as the consent

forms, participant information sheet (PIS) and advertisements used in the experiment.

To recruit student participants, we advertised our experiment using posters within

the University of Auckland campus. The posters were posted on notice boards in De-

partment of Computer Science and Department of Electrical and Computer Engineering.

We also asked two lecturers from Computer Science and Information System departments

to advertise our experiment during one of their classes. To recruit participants from the

software industry, we asked several software professionals to forward email invitations for

participation to potential participants. Participation in the experiment was voluntary. To

encourage people to take part in our research, we offered movie vouchers as an inducement

for the in-person experiment.

In both posters and email invitations, we provided the researcher's email address for

potential participants to contact. When receiving emails expressing their interest for

participation, we replied with available times for the experiment and attached a PIS. The

PIS contained information about the procedure of the experiment, data storage, rights

to withdraw from our research, anonymity of responses, and contact details. When we

scheduled the time with potential participants, we sent details about the location where

the in-person experiment would be held.

We also prepared an on-line version of the experiment for potential participants who

could not come in person. We created a web-based questionnaire on SurveyMonkey

and electronic versions of the requirements documents in PDF format. The link to the

web-based questionnaire and a copy of the requirements documents (either the ReqSpec

document or the UCM document) were sent to participants who wished to participate

on-line. Participants were not required to sign consent forms for the on-line experiment

because of the anonymous nature of the questionnaire.



6.2 Execution 97

6.2.2 Procedure

The experiment was conducted from June to September 2012. Participants could take

part in person or on-line.

In-Person Experiment

The in-person experiment was conducted on a one-to-one basis in meeting rooms or labs

within the Department of Computer Science. Participants could sit anywhere they liked

in the room as long as the researcher could not see their handwriting. The experiment

involved the use of a printed questionnaire and printed copies of the requirements docu-

ments.

Before the start of the experiment, each participant was given a PIS, a consent form,

and an assurance letter from the Head of Department of Computer Science. The consent

form ensured that participants understood the conditions for taking part in the exper-

iment. Participants were asked to sign and return the consent forms if they agreed to

participate. The assurance letter assured participants that their grades or relationship

with the University of Auckland would not be affected. Each participant was also asked

to draw a piece of paper with the number 1 or 2 from a paper box. The number repre-

sented the type of document that participants would receive for the experiment. Once

participants signed and returned the consent forms, each participant was given a copy of

the appropriate requirements document and a questionnaire.

Before participants started answering the questionnaire, they were asked to follow the

instructions written on the questionnaire. Participants were also encouraged to ask any

questions during the experiment session. The researcher reminded them that it was not

necessary to read the entire document. They were not required to fill in questions marked

``optional"". During the experiment session, the researcher reminded participants about

the time allotted for the questionnaire.

Participants were asked to return the questionnaire and the requirements documents

when they finished. Each participant received a movie voucher for his or her time and

effort in the experiment at the end of the session.

On-line Experiment

The on-line experiment involved the use of a web-based questionnaire and electronic

versions of the requirements documents. The questions in the web-based questionnaire

were the same as those in the in-person experiment. The requirements documents were

randomly assigned to participants.
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Similar to our survey design, consent forms were not required for the on-line experi-

ment. A consent page was presented to the participants in which they selected ``agree""

or ``disagree"" for taking part in the research. The questionnaire would proceed when the

participants chose ``agree"" from the consent page.

Participants were not required to answer questions that were optional. Similar to our

survey described in Chapter 5, participants could progress through the questionnaire using

the ``Next"" and ``Prev"" buttons. Participants were asked to click the ``Submit"" button for

completing the questionnaire when they reached the last web page. Any responses made

without clicking the ``Submit"" button were not used in the research.

6.2.3 Deviations

Most of our data collection was performed according to the procedure described in Section

6.2.2. There was one participant who had to leave in the middle of the in-person exper-

iment. The participant was asked to note down the time that he stopped answering the

questionnaire and to leave the questionnaire as well as the requirements document with

the researcher. The researcher returned the questionnaire and the requirements document

to the participant when he returned. The participant was then asked to note down the

time that he resumed the questionnaire.

6.3 Analysis

By October 2012, we recruited 58 participants. Three people from the software industry

took part in the on-line experiment and 55 people, including seven from the software

industry, took part in the in-person experiment. Each treatment has 29 participants.

The responses were transcribed into spreadsheets by the researcher. We removed three

responses by students to one demographic question from the data set. The demographic

question concerned how participants got to know software requirements. The responses

were removed because the question was aimed at participants with work experience in the

software industry; these student participants had no work experience.

To perform statistical analysis, Likert scale responses were transformed into numerical

values. For example, Likert items such as ``Very poor, Poor, Satisfactory, Good, and

Very Good"" were transformed into numbers 1, 2, 3, 4, and 5 respectively. We used

the transformed values in parametric statistical tests such as t-tests, which according to

Norman [81], could be used for Likert data without ``coming to the wrong conclusion"".

We also calculated how long participants took to answer questions in Part 1 of the

questionnaire from the start times and the finish times as reported by participants. Fur-
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thermore, we assessed participants' answers to questions in Part 1 against the researcher's

answers. Participants' answers were classified into different groups based on the correct-

ness of answers as well as the locations of answers reported by participants.

In addition, we labelled the comments made by participants in the questionnaire with

codes. The codes were based on our definition of transparency as well as any interesting

points that arose in the comments. We then identified themes from the codes and grouped

the codes according to themes. Coding enabled us to identify any common patterns

relating to transparency from the experiment.

In the following sections we present the statistical analysis of the data collected from

the experiment. We organise the analysis based on the structure of the questionnaire. We

also present the results for testing the three hypotheses, EH1, EH2 and EH3. Finally, we

discuss the themes identified from the experiment in the last section.

6.3.1 Demographics

10 people from software industry and 48 students participated in the experiment. We

present the demographics for our industry and student participants in the following sec-

tions.

Industry Participants

Of the 10 industry participants, four people have zero to four years of experience and

six have five to nine years of experience working in the software industry. Most of our

industry participants reported that they were involved in more than one aspect of a

software project. They were involved in design, development, testing and maintenance

aspects of a software project. Figure 6.1 shows the number of industry participants

involved in different aspects of a software project.

All industry participants reported that they held the role as developers in a software

project at the time of the experiment. Some participants were also architects or require-

ments engineers. Figure 6.2 illustrates the number of these participants in different roles.

We surmise that our industry participants might be working in small development teams

as they have multiple roles in a software project.
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Figure 6.1: Number of industry participants involved in each aspect of a software project.

Figure 6.2: Number of industry participants involved in each role of a software project.
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Student Participants

Most of our student participants came from the University of Auckland except for one who

was an exchange student from France. Figure 6.3 shows the distribution of student partic-

ipants by degree and major or specialisation. Of the 48 student participants, there were

21 graduate students and 27 undergraduate students. Out of the 21 graduate students, 14

were PhD students and 5 were Masters students. Of the 27 undergraduate students, most

were specialising in Software Engineering. All of the undergraduate student participants

were in their second year of study or above at the time of the experiment.

We asked student participants about what software models or modelling methods that

they have studied. Most student participants reported that they learned more than one

type of software model. More than 70\% of students learned state machines, use case

models and UML during their study. There were two other types of models that student

participants reported. These were site-map and time automata. Figure 6.4 shows the

percentage of student participants who learned each type of software models or modelling

methods listed in the questionnaire.
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Figure 6.3: Distribution of student participants by degree and major or specialisation.

Figure 6.4: List of software models or modelling methods with respect to the percentage
of student participants who learned such software models or methods during their study.



6.3 Analysis 103

Figure 6.5: Distribution of participants using the ReqSpec document and the UCM doc-
ument with respect to the time spent on Part 1 of the questionnaire.

6.3.2 Part 1. Reviewing Functionality of a Software System

In Part 1 of the questionnaire, we ask participants to read the requirements document

and answer questions based on information in the document. In this section we present

the results of Part 1 as well as the analysis for testing EH1, time spent by participants,

and EH2, correctness of answers.

Time Spent by Participants

The time spent by each participant in answering Part 1 is calculated from the start

time and the finish time recorded in questions P1Q1 and P1Q8. Figure 6.5 shows the

distribution of participants using the ReqSpec document and the UCM document by the

time spent on Part 1 in 10-minute intervals. As illustrated in Figure 6.5, more than 80\%

of the participants completed Part 1 within 30 minutes.

The mean time for treatment ReqSpec is 25.1 minutes, whereas the mean time for

treatment UCM is 18.6 minutes. The standard deviations are 10.0 and 7.1 respectively.

The longest time spent by participants to answer questions in Part 1 is 57 minutes. The

shortest time spent by participants is 7 minutes. Table 6.2 summarises the descriptive

statistics for the time spent in minutes by our participants.

The box plot in Figure 6.6 shows the distributions of the time spent by our participants.
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Type of Document Mean
Standard
Deviation

Median Min. Max.

ReqSpec 25.1 10.0 23 12 57
UCM 18.6 7.1 17 7 40

Table 6.2: Descriptive statistics for the time spent in minutes by participants using the
ReqSpec and the UCM documents to answer questions in Part 1 of the questionnaire.

Figure 6.6: Distribution of the times spent by participants using the ReqSpec and the
UCM documents to answer questions in Part 1.

We find that the time distributions for both treatments are concentrated on the lower end

of the scale. The boxes overlap, but there appears to be a difference between the two

treatments as the upper quartile of UCM has the same value as the ReqSpec median.

Figure 6.6 also shows an outlier for each treatment at the top of the scale. The longest

time it took for participants in each treatment appears to be an outlier. However, we

compute a new mean time for each treatment using SPSS which removes the top and

bottom 5\% of the time values recorded in the data set. The adjusted mean time for

treatment ReqSpec is 24.3 and the adjusted mean value for treatment UCM is 18.05.

When we compare the original mean values with the adjusted mean values, it seems that

the outliers influence the means minimally. Therefore, we include the outliers as part of

the data set for testing the hypotheses.

On average participants using the ReqSpec document spent more time on Part 1

than participants using the UCM document. In the following section, we present the

statistical analysis for testing for a difference in the time spent by the ReqSpec documents

participants and the UCM document participants.
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Figure 6.7: 95\% confidence intervals for the mean time spent by participants using the
ReqSpec document and participants using the UCM document.

Hypothesis Testing: Differences in Time (EH1)

We plot a 95\% confidence interval graph as shown in Figure 6.7 to compare the means

of the time spent by participants in each treatment. Figure 6.7 shows that the two

confidence intervals do not overlap which suggests that there is a difference between the

two treatments.

To test if the means are significantly different, we perform an independent-samples

t-test. The null hypothesis for the test is: there is no difference between the mean time

for using the ReqSpec document and the mean time for using the UCM document. We

obtain a t-value of 2.88 with 56 degrees of freedom, and the two-tailed p-value is 0.006

which is significant at the 0.05 level. This indicates that there is a statistically significant

difference between the two means. Therefore, we reject the null hypothesis that there is

no difference in the means.

Examining the two means and the mean difference shows that participants using the

ReqSpec document spent an average of 6.55 minutes more than participants using the

UCM document. The 95\% confidence interval for the mean difference indicates that we

can be 95\% confident that the actual difference in the time spent by participants using the

ReqSpec document and participants using the UCM document is between 1.99 and 11.11

minutes. We also calculate the effect size using Cohen's d, which suggests a moderate to

high practical significance (d = 0.76).

The statistical analysis supports our hypothesis EH1. The t-test gives us high confi-

dence in a difference in the time spent between the two treatments. The mean values for

the time spent by participants suggest that participants spent less time using the UCM

document than the participants using the ReqSpec document.
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Group
Number of
Partici-
pants

Mean
Standard
Deviation

Median Min. Max.

Undergraduate 27 22.4 10.7 22 7 57
Graduate + Industry 31 21.3 7.8 20 12 42

Table 6.3: Descriptive statistics for the time spent in minutes by different groups of
participants to answer questions in Part 1 of the questionnaire.

Time Spent by Experience

We wonder if there are differences in the time spent depending on the experience of our

participants. We divide the participants into two groups: Undergraduate and Graduate

+ Industry. We hypothesise that there is a difference in the time spent by participants

between Undergraduate and Graduate + Industry groups.

Table 6.3 shows a summary of the descriptive statistics for the time spent in minutes by

different groups of participants. On average, Undergraduate participants spent more time

than Graduate + Industry participants. The mean time for Undergraduate participants

is 22.4 minutes with standard deviation 10.7. The mean time for Graduate + Industry

participants is 21.3 minutes with standard deviation 7.8.

To see whether there is any difference in the time spent by different groups, we plot a

95\% confidence interval graph as illustrated in Figure 6.8. Figure 6.8 illustrates that the

two confidence intervals overlap, which suggests that there might not be any difference

between the two groups. To test if there is any statistically significant difference between

the two groups, we perform an independent-samples t-test. The null hypothesis for the

test is that there is no significant difference between Undergraduate participants and

Graduate + Industry participants in the time that they spent on answering Part 1 of the

questionnaire. We obtain a t-value of 0.47, with 56 degrees of freedom, and the two-tailed

p-value is 0.638. The mean difference is 1.15, and the 95\% confidence interval of the

difference is  - 3.73 and 6.04. Therefore, we fail to reject the null hypothesis. Further,

Cohen's effect size value (d = 0.12) suggests low practical significance.

The statistical analysis suggests that there is no statistically significant difference in

the time spent by the experience of our participants. The t-test fails to reject the null

hypothesis, and the magnitude of the difference is small on the time-spent factor for the

participants.
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Figure 6.8: 95\% confidence intervals for the mean time spent by Undergraduate partici-
pants and Graduate + Industry participants.

Type of Document Correct Incorrect Total
ReqSpec 24 5 29
UCM 27 2 29

Total 51 7 58

Table 6.4: Number of participants who answered P1Q3 correctly using the ReqSpec doc-
ument and the UCM document.

Responses to P1Q3

P1Q3 is the first question of the experiment that asks participants to find answers in the

requirements documents. The question concerns the primary web authentication system

for the organisation. We expect the answer to this question to be found directly in the

Background section of Summary which is the first subsection of the first section for both

documents.

Most of our participants in either treatments answered P1Q3 correctly. Less than

20\% of our participants answered this question incorrectly. Table 6.4 shows the number

of participants who answered P1Q3 correctly.

Responses to P1Q4

P1Q4 asks participants about the requirements for handling applications submitted in

hard copies. Unlike P1Q3, P1Q4 requires participants to describe where and how they

found the answer to this question. Participants are asked to note down the page numbers

and section headings where they looked in the document.

The answer to P1Q4 is found in 3.4 Functional Requirements under the Functional

Specification section of the ReqSpec document. In the UCM document, the answer is

found in 5.1 Make a new application or 5.4 Manually enter an IMS ID under the Use
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Type of Document Correct Incorrect Total
ReqSpec 20 9 29
UCM 26 3 29

Total 46 12 58

Table 6.5: Number of participants who found the correct location of the answer to P1Q4.

Cases section.

Since we did not specify how participants should report on the ways they obtained in-

formation, the responses varied in detail. For example, one participant using the ReqSpec

document briefly described how he or she found the answer as follows:

``1. Read table of contents.

2. Section 3.4 pg 8, 9.

3. Went through section 3.4 to list 10 for answer.""

Similarly, one participant using the UCM document described only the section head-

ings where he or she went through to find the answer. The participant has the following

answer to P1Q4:

``Content, solution overview, use case diagram (found corresponding use case),

content, 5.4 Manually enter an IMS ID.""

On the other hand, some participants described what information he or she was looking

for in each page or section of the document. Here is such an example in this response by

one participant using the ReqSpec document:

``I first read through the table of contents for a section title that looked relevant

(functional requirements) which I saw was in section 3.4 (pg 8). I then went to

that page, and skimmed through the list of requirements, looking for anything

relating to hard copies. The requirement is on pg 9, requirement \#10.""

To assess the correctness of answers to P1Q4, we looked at the locations of answers

reported by participants. Answers that did not match our answer were recorded as incor-

rect. Table 6.5 shows the number of participants who found the location of the answer

to P1Q4 correctly or incorrectly. For participants who used the ReqSpec document, 20

found the correct location. Nine participants who used the ReqSpec document recorded

incorrect locations or reported that they have problems in finding relevant information

to the question. For participants who used the UCM document, 26 found the correct

location. Only 3 reported the locations incorrectly.
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Type of Document Correct Incorrect Total
ReqSpec 23 6 29
UCM 27 2 29

Total 50 8 58

Table 6.6: Number of participants who answered P1Q5 correctly.

Although more participants who used the UCM document found the correct loca-

tion for P1Q4 than participants who used the ReqSpec document, there appears to be

a misunderstanding about the word ``requirements"" in the question. Eight participants

(5 Undergraduate participants and 3 Graduate + Industry participants) using the UCM

document misunderstood ``requirements"" as the ``prerequisites"" of the use cases. How-

ever, all eight participants identified the location of information on handling hard-copy

applications correctly.

Responses to P1Q5

The question P1Q5 asks participants to write down how hard-copy applications are being

processed. The purpose of this question is to ensure that our participants did not guess

the answer to P1Q4. It also helps us to see if our participants understand the question.

The answer to this question is expected to be found in the same locations as the answer

to P1Q4.

We evaluate the correctness of answers to P1Q5 against our answer. Table 6.6 shows

the number of participants who answered P1Q5 correctly. For the ReqSpec document,

23 participants have the correct answer and 6 participants have an incorrect answer. Of

the six participants, two participants reported that they could not find the answer in

the ReqSpec document. For the UCM document, 27 participants answered the question

correctly and two answered it incorrectly.
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ReqSpec UCM Total
No answer 4 0 4
Incorrect answer 11 4 15
Correct answer but wrong loca-
tion

7 0 7

Correct location but wrong an-
swer

2 8 10

Correct answer 5 17 22

Total 29 29 58

Table 6.7: Distribution of participants who answered P1Q6 by the correctness of their
answers.

Responses to P1Q6

After participants find the requirements for handling hard-copy applications, in P1Q6 we

ask them if NCEA exam results are displayed to applicants. We also ask them to note

the page numbers as well as section headings where they found the answer.

Locating the answer to P1Q6 is harder than it is for P1Q3. The answer is found in 3.4.2

Completing an Accommodation Application under the Functional Specification section of

the ReqSpec document. In the UCM document, the answer is in the post-conditions of

5.9 Retrieve Secondary School details and NCEA results under the Use Cases section.

The answer to P1Q6 is ``No"".

We evaluate the correctness of participants' answers by looking at their responses to

P1Q6 as well as the locations of their answers. As shown in Table 6.7, we classify partici-

pants' answers into five categories. For participants who used the ReqSpec document, four

participants did not have answers or they were uncertain about the answer. Of the 29 par-

ticipants who used the ReqSpec document, 11 reported incorrect answers with locations

that did not match the actual answer. Seven participants using the ReqSpec document

did not find the right location of the actual answer but answered the question correctly.

This might be because participants inferred the answer from other information such as

screenshots in the ReqSpec document. Also, two participants using the ReqSpec docu-

ment did not answer the question correctly but reported the right location of the actual

answer. Approximately 17\% of the participants using the ReqSpec document answered

the question correctly with the correct location.

The distribution of participants using the UCM document who answered P1Q6 cor-

rectly differs from the distribution of participants using the ReqSpec document. Of the

29 participants who used the UCM document, four participants have neither the correct

answer nor the correct location. There are no participants who have the correct answer
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ReqSpec UCM Total
Clear answers about who
can run reports

12 19 31

Can't find information 14 1 15
Information is not specified
or not written

3 9 12

Total 29 29 58

Table 6.8: Number of participants who answered P1Q7 in three different types of re-
sponses.

but the wrong location of the actual answer. However, we find eight participants using

the UCM document reported the correct location of the actual answer, but their answers

were incorrect. Possibly participants did not read the information in the use case carefully.

More than 50\% of the participants who used the UCM document answered the question

correctly with the correct location.

Responses to P1Q7

The last question that we ask of participants is, ``who can run reports from the UAM

system?"" In this question we also ask participants to note the page numbers and section

headings where they found the answer. This question might be tricky to participants

because there is no clear information specified in either the ReqSpec document or the

UCM document.

We classify the responses to P1Q7 into three types as shown in Table 6.8. The first

type of responses belongs to participants who clearly answered the question about the

actors for running reports. An example of a clear answer to P1Q7 by a participant using

the ReqSpec document is as follows: ``The University will be able to run reports..."". 12

participants using the ReqSpec document and 19 participants using the UCM document

gave clear answers. In particular, 14 participants who used the UCM document reported

that no one could run reports, or the participants assumed the type of actors who could

run reports. Example responses by participants using the UCM document include, ``Not

specified under 5.11 Run report nor in use case diagram. I would assume UAM admins"";

``No one? ... use case not linked to any person(s)...""; ``No one. Most likely auto-run"";

``No one (empty actors field)..."". The reason for these responses might be related to the

presentation of information in the UCM document where the actor field in the 5.11 Run

report use case is empty.

The second type of responses concerns participants who could not find information to

answer P1Q7 and did not explain why. Fourteen participants using the ReqSpec document
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could not find information, whereas only one participant using the UCM document could

not find information about who could run reports. Example responses of the second type

include, ``... I cannot find answer for this question""; ``Could not find information under

`Reports' on page 26"".

The third type of responses is about the information not being specified or written

in the documents. Participants used reasoning for these answers. Nine UCM document

participants reported that the information was not specified or written in the document.

One participant also commented that ``the document may contain error as it has a section.

But without any `actor' ..."" Other participants who used the UCM document made the

following comments:

``It is not specified clearly. The only mention is that `the business' will be able

to make use of the reports..."",

``Unknown. I could not find the answer for this as the actors section was blank

on the use case on page 17. I also consulted the diagram but it also showed

no connection to any actors.""

On the other hand, of the 29 participants who used the ReqSpec document, three

participants reported that the information was not specified or written in the document.

One of these participants commented that ``I can't actually find who is allowed to run

reports. I guess it is inferred in various places that only staff members using the UAM

can, but I cannot find any direct quote stating this...""

The reason for these differences might be related to the presentation of information in

the UCM document, in which the actor field is explicitly stated. On the other hand, the

ReqSpec document does not contain any specific fields about the actors.
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Total Number of
Correct Answers

ReqSpec UCM Total

0 1 0 1
1 6 0 6
2 5 5 10
3 12 9 21
4 5 15 20

Total 29 29 58

Table 6.9: Distribution of participants using the ReqSpec document and participants
using the UCM document by the total number of correct answers from P1Q3 -- P1Q6.

Hypothesis Testing: Differences in Correctness of Answers (EH2)

To test for any differences in the number of questions answered correctly by participants

using different types of requirements document (EH2), we first calculate how many ques-

tions from P1Q3 -- P1Q6 each participant answered correctly. We exclude P1Q7 because

it is not possible to answer this question. Table 6.9 shows the distribution of participants

by the total number of correct answers.

As shown in Table 6.9, of the 58 participants, 41 participants (approximately 70\%)

answered three or more questions correctly. For participants using the ReqSpec document,

17 participants have three or more correct answers, whereas for participants using the

UCM document, 24 have three or more correct answers. This shows that participants

using the UCM document answer more questions correctly than participants using the

ReqSpec document.

We plot a 95\% confidence interval graph as illustrated in Figure 6.9. We use the confi-

dence interval graph to see if the means for the number of correct answers by participants

using the two documents are different. Figure 6.9 shows that there is no overlap between

the two confidence intervals. This suggests that there is a difference in the number of

correct answers.

The mean value for the ReqSpec document is 2.48 with a standard deviation of 1.12,

whereas the mean value for the UCM document is 3.34 with a standard deviation of 0.77.

We perform an independent-samples t-test, where the null hypothesis is that there is no

difference in the number of questions answered correctly by participants using different

documents. The t-test shows that there is a significant difference between participants

using the ReqSpec document and participants using the UCM document in the number

of correct answers. The test gives us a t-value of  - 3.41 with 49.55 degrees of freedom.

We obtain a two-tailed p-value of 0.001 which is less than the 0.05 level of significance.

Therefore, we reject the null hypothesis. Furthermore, the mean difference is  - 0.86,
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Figure 6.9: 95\% confidence intervals for the number of correct answers by our participants
in treatment ReqSpec and treatment UCM.

and the 95\% confidence interval for the difference is  - 1.37 and  - 0.36. We can see that

participants using the ReqSpec document answered an average of 0.86 questions less

correctly than participants using the UCM document. Moreover, Cohen's effect size value

is 0.89, which suggests high practical significance.

The analysis indicates a statistically significant difference in the number of questions

answered correctly by participants using different documents. This in turn gives us high

confidence to support our hypothesis EH2, correctness of answers. The magnitude of

the difference is also significant. The mean values suggest that participants using the

UCM document answered more questions correctly than participants using the ReqSpec

document.

Correctness of Answers by Experience

We observe the difference in the number of correct answers by different groups of partic-

ipants. Figure 6.10 illustrates how well each group of participants answers the questions

from P1Q3 -- P1Q6. The Graduate + Industry participants appear to answer more ques-

tions correctly than the Undergraduate participants. The mean value for the number

of questions answered correctly by Undergraduate participants is 2.74 with a standard

deviation of 1.06. The mean value for Graduate + Industry participants is 3.06 with a

standard deviation of 1.03. It seems that on average participants with more experience

answered more questions correctly than participants with less experience.

However, the 95\% confidence interval graph as shown in Figure 6.11 suggests that

there might not be any significant difference between participants with different level

of experience as the two confidence intervals overlap. To test whether the difference is

statistically significant, we perform an independent-samples t-test. The null hypothesis

for this test is that there is no difference in the number of correct answers by different
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Figure 6.10: Total number of questions (P1Q3 -- P1Q6) answered correctly by Undergrad-
uate and Graduate + Industry participants.

Figure 6.11: 95\% confidence intervals for the number of correct answers by Undergraduate
and Graduate + Industry participants.

groups of participants. We obtain a t-value of  - 1.18, with 56 degrees of freedom, and the

two-tailed p-value of 0.244. This suggests that there is no significant difference at the 0.05

level of significance. Hence, we cannot reject the null hypothesis. The mean difference

is  - 0.32, and the 95\% confidence interval of the difference is  - 0.87 and 0.23. Further,

Cohen's effect size value (d = 0.31) suggests low to moderate practical significance.

The statistical analysis shows that the number of correct answers by our participants

is not affected by their experience. The statistical tests show that the difference is not

statistically or practically significant.
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6.3.3 Part 2. Overview of the Software Document

In Part 2 of the questionnaire, we ask participants to assess how helpful they think the

requirements documents are to answer Part 1 questions. In this section we present the

results of Part 2 based on the three attributes of transparency. We also present the

analysis for testing EH3 (confidence of participants).

Accessibility of Information

As discussed previously in Section 6.1.5, we believe that the UCM document is better

for our participants to locate the page where they think the answer is than the ReqSpec

document. In question P2Q5a, we ask our participants how helpful the given document

is to identify the information that they might need to answer questions in Part 1.

Figure 6.12 shows participants' assessment on how well the documents were in helping

participants to identify information. Of the 29 participants using the ReqSpec document,

10 participants rated it good or very good whereas 21 participants using the UCM docu-

ment rated it good or very good. Nine participants using the ReqSpec document reported

it poor or very poor. For participants using the UCM document, one reported it poor

or very poor. Some participants also commented on how the documents helped them to

identify information. For example, one of the comments from participants using the UCM

document is ``Contents \& Use case diagram helped to identify the sections"".

We compute the mean values for the two treatments. The means are 3.03 and 3.90

with standard deviations of 0.94 and 0.77 for the ReqSpec document and the UCM doc-

ument respectively. The mean values suggest that the ReqSpec document and the UCM

document were more than satisfactory for our participants on average.

We also compare the two means by plotting a 95\% confidence interval graph as shown

in Figure 6.13. The confidence intervals show no overlap which suggests that there is

a difference. To test whether the difference is statistically significant, we perform an

independent-samples t-test. The null hypothesis for the test is that there is no difference in

participants' assessments on the accessibility of information using the ReqSpec document

and the UCM document. The t-test (t =  - 3.81, df = 56) indicates that the difference

is statistically significant (0.000) at the 0.05 level of significance. The mean difference is

 - 0.86, and the 95\% confidence interval of the difference is  - 1.32 and  - 0.41. Further,

Cohen's effect size value (d = 1.01) suggests a high practical significance.

The analysis shows that there is a difference in the accessibility of information using

different requirements documents. Since the UCM document mean is greater than the

ReqSpec document mean, the UCM document is better than the ReqSpec document in

terms of helping participants to identify the desired information.
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Figure 6.12: Participants' assessments on how well the ReqSpec document and the UCM
document were in helping participants to identify the desired information to answer ques-
tions in Part 1 (P2Q5a).

Figure 6.13: 95\% confidence intervals for the responses to P2Q5a by participants using
the ReqSpec document and the UCM document.

Accessibility of Information by Experience

We compare different groups of participants' assessments of the requirements documents

in helping them to identify information as shown in Figure 6.14. Approximately 25\% of

our Undergraduate participants rated the documents poor whereas less than 10\% of our

Graduate + Industry participants rated the documents very poor or poor. More than

half of our participants reported the documents as satisfactory or good.

The mean value for Undergraduate participants is 3.37 and the mean value for Gradu-

ate + Industry participants is 3.55 with standard deviations of 1.08 and 0.85 respectively.

The mean values suggest that the documents were more than satisfactory for both groups

of our participants on average.

A 95\% confidence interval graph as illustrated in Figure 6.15 compares the means. The

confidence intervals in Figure 6.15 overlap which suggests that there may be no significant

difference between the means.
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Figure 6.14: Assessments by different groups of participants on how well the documents
were in helping them to identify the information that they might need to answer questions
in Part 1 (P2Q5a).

Figure 6.15: 95\% confidence intervals for the responses to P2Q5a by different groups of
participants.

To test for any significant difference in the means between Undergraduate participants

and Graduate + Industry participants, we also perform an independent-samples t-test.

The null hypothesis for the test is that there is no difference between the two means. The t-

test gives a two-tailed p-value of 0.486 which is more than the 0.05 level of significance (t =

0.49, df = 56, mean difference =  - 0.18, 95\% confidence interval of difference =  - 0.69,

0.33). Therefore, we do not reject the null hypothesis. This suggests that there is no

significant difference in the means. The statistical analysis suggests that our participants'

assessments of the accessibility of the ReqSpec document and the UCM document was

not affected by their experience. Furthermore, Cohen's effect value (d = 0.19) suggests

low practical significance.

The statistical analysis shows no statistically significant difference in the accessibility of

information between Undergraduate participants and Graduate + Industry participants.

The difference is also not practically significant. The experience of our participants did

not affect our participants' ability in identifying information to answer the questionnaire.
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Figure 6.16: Participants' assessments of the helpfulness of the ReqSpec document and
the UCM document to understand the functionality of the software system (P2Q5c).

Figure 6.17: 95\% confidence intervals for the responses to P2Q5c by participants using
the ReqSpec document and the UCM document.

Understandability of Information

In Part 2 of the questionnaire, we ask participants how helpful they think that the docu-

ments are to understand information and how well they think that they have understood

the information in the documents. Figure 6.16 shows participants' assessments on the Re-

qSpec document and the UCM document in helping them to understand the functionality

of the software system (P2Q5c).

More than 60\% of our participants reported that both documents were good or very

good in helping them to understand the functionality of the software system. Two out of

the 58 participants reported that the documents were poor.

The mean values for treatment ReqSpec and treatment UCM are 3.62 and 4.00 with

standard deviations 0.62 and 0.80 respectively. A comparison between the two 95\% con-

fidence intervals suggests that there might be no significant difference in understanding

information using different documents as illustrated in Figure 6.17.
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Figure 6.18: Participants' self-assessments on how well they have understood the infor-
mation provided in the ReqSpec document and the UCM document (P2Q6a).

We perform an independent-samples t-test for any significant difference in the means.

The null hypothesis is that there is no significant difference in the means for treatment

ReqSpec and treatment UCM. The t-test gives some evidence against the existence of no

difference between the means (p = 0.049). The t-value is - 2.01 with 56 degrees of freedom.

The mean difference is  - 0.38, and the 95\% confidence interval of the difference is  - 0.76

and  - 0.002. Moreover, Cohen's effect value (d = 0.53) suggests a moderate practical

significance. Since the mean for the UCM document is greater than the mean for the

ReqSpec document, the UCM document is more helpful than the ReqSpec document in

participants' understanding of the functionality of the software system.

In P2Q6a, we ask a similar question about how well participants think that they have

understood the information provided in the documents. As shown in Figure 6.18, more

than half of the 58 participants reported that they have a good or very good understanding

of the documents. No participants reported that they understood the information poorly

except for four participants who used the ReqSpec document.

We plot a 95\% confidence interval graph to compare the means as shown in Figure 6.19.

It seems that there might not be any significant difference in participants' self-assessments

on how well they understood information in the documents as the two confidence intervals

do not overlap. The means are 3.52 and 3.83 with standard deviations 0.83 and 0.60 for

treatment ReqSpec and treatment UCM respectively.

We perform an independent-samples t-test to test the null hypothesis: there is no dif-

ference in the means for how well participants understood information using the ReqSpec

document and the UCM document. The t-test shows a two-tailed p-value of 0.109 which

suggests that there is no significant difference at the 0.05 level of significance (t =  - 1.63,

df = 51.09, mean difference =  - 0.31, 95\% confidence interval of difference =  - 0.69, 0.07).

Cohen's effect value is 0.43 which suggests a low to moderate practical significance.
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Figure 6.19: 95\% confidence intervals for the responses to P2Q6a by participants using
the ReqSpec document and the UCM document.

The statistical analysis shows that there is some evidence against the null hypoth-

esis. It seems that the UCM document is better than the ReqSpec document for the

understandability of functional requirements. However, the statistical analysis for P2Q6a

shows no significant difference in the understandability of information using the ReqSpec

document and the UCM document by our participants. The mean values from P2Q5c and

P2Q6a indicate that both documents were more than satisfactory in helping participants

to understand information. The analysis gives us some evidence to support our analysis

of understandability of the requirements documents as discussed in Section 6.1.5.

Understandability of Information by Experience

Figures 6.20 and 6.21 display the results of different groups of participants' assessments of

the understandability of information. In P2Q5c, the mean values for Undergraduate par-

ticipants and Graduate + Industry participants are 3.93 and 3.71 with standard deviations

of 0.68 and 0.78 respectively. In P2Q6a, the mean values for Undergraduate participants

and Graduate + Industry participants are 3.74 and 3.61 with standard deviations of 0.71

and 0.76. It seems that the requirements documents were more than satisfactory for both

groups of participants in helping to understand information. Participants' experience did

not affect the assessments of the understandability of information.

To compare the differences in the means, we plot two confidence interval graphs for

P2Q5c and P2Q6a as shown in Figures 6.22 and 6.23. The graphs show that there might

not be any significant differences between the means as the confidence intervals overlap.

To establish any significant difference between the means, we perform an independent-

samples t-test to test the null hypothesis that there is no difference between the means

for P2Q5c. Similarly, we perform an independent-samples t-test for P2Q6a. The t-test

shows p-value of 0.268 for P2Q5c (t = 1.12, df = 56, mean difference = 0.22, 95\%
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Figure 6.20: Assessments by different groups of participants on how well the documents
were in helping them to understand the functionality of the software system (P2Q5c).

Figure 6.21: Assessments by different groups of participants on how well they have un-
derstood the information provided in the requirements documents (P2Q6a).

confidence interval of difference =  - 0.17, 0.60). For P2Q6a, the t-test shows p-value of

0.513 (t = 0.66, df = 56, mean difference = 0.13, 95\% confidence interval of difference =

 - 0.26, 0.52). These tests also indicate that there are no statistically significant differences

at 0.05 level of significance. Further, Cohen's effect value for P2Q5c is 0.03 and for P2Q6a

is 0.18, which both suggest low practical significance.

The statistical analysis suggests that our Undergraduate participants and Graduate

+ Industry participants have similar ratings for how well the documents were in helping

them to understand information. Both groups of participants also have similar ratings

for how well they have understood the information provided in the documents.
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Figure 6.22: 95\% confidence intervals for the responses to P2Q5c by different groups of
participants.

Figure 6.23: 95\% confidence intervals for the responses to P2Q6a by different groups of
participants.

Relevance of Information

As discussed in Section 6.1.5, we believe that the UCM document provides more relevant

information to our participants for answering questions in Part 1 of the questionnaire

than the ReqSpec document. In Part 2 of the questionnaire, we ask two questions about

the relevance of information.

We first ask participants in P2Q4 whether they have to go through different parts

of the requirements documents in order to answer P1Q6. P2Q4 enables us to evaluate

the sufficiency of the information at a particular location to answer the questions. If the

information is insufficient, participants are likely to try and look for another location in

the document.

Table 6.10 shows the number of participants who either went through different parts

of the document or not. It appears that there were more participants who went through

different parts of the ReqSpec document than participants who went through the UCM

document to answer P1Q6. The observed proportion of yes to no for participants using
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ReqSpec UCM Total
Yes 20 11 31
No 9 18 27

Total 29 29 58

Table 6.10: Number of participants who either went through different parts of the re-
quirements document to answer P1Q6 (P2Q4) or not.

the ReqSpec document is 0.69:0.31, whereas the proportion of yes to no for participants

using the UCM document is 0.38:0.62. We compare the two proportions by using Fisher's

exact test. The null hypothesis for the test is that there is no difference between the

two proportions. We get a two-tailed p-value of 0.03 which is significant at the 0.05

level. Therefore, we reject the null hypothesis. This supports the existence of a difference

between participants using different documents to answer P1Q6. In addition, the Phi

coefficient of association (\phi =  - 0.31) suggests a weak negative association.

We also ask participants in P2Q5b to rate how helpful they think that the documents

are to read only the relevant information to answer questions in Part 1. Figure 6.24 shows

the distribution of participants' assessments on the requirements documents in P2Q5b.

Participants using the ReqSpec document seem to have varied opinions about the docu-

ment. On the other hand, approximately 80\% of participants using the UCM document

reported the UCM document was good or very good in reading relevant information.

The means for the responses by participants using the ReqSpec document and partic-

ipants using the UCM document are 2.97 and 3.76 with standard deviations of 1.12 and

0.95 respectively. We plot a 95\% confidence interval graph as illustrated in Figure 6.25

to compare the means. There is a difference in how well the documents helped partic-

ipants to read relevant information as the two confidence intervals do not overlap with

each other. We perform an independent-samples t-test to test the null hypothesis that

there is no difference between the means. We find that the two-tailed p-value is 0.005

from the t-test which is less than the 0.05 level of significance (t =  - 2.91, df = 56, mean

difference =  - 0.79, 95\% confidence interval =  - 1.34,  - 0.25). Hence, we reject the null

hypothesis. This indicates that there is a significant difference in the relevance of infor-

mation in the ReqSpec document and the UCM document. Furthermore, Cohen's effect

value (d = 0.76) suggests a moderate to high practical significance.

The analysis shows that the UCM document provides more relevant information than

the ReqSpec document. Fewer participants who used the UCM document went through

different parts of the document than participants who used the ReqSpec document. Par-

ticipants who used the UCM document tended to be more satisfied with the relevant

information than participants who used the ReqSpec document.
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Figure 6.24: Participants' assessments on how well the ReqSpec document and the UCM
document were in helping participants to read only the relevant information that they
needed to answer each question in Part 1 (P2Q5b).

Figure 6.25: 95\% confidence intervals for the responses to P2Q5b by participants using
the ReqSpec document and the UCM document.

Relevance of Information by Experience

Table 6.11 shows the number of participants with different experience who went through

different parts of the requirements documents. The number of Undergraduate participants

who answered yes to P2Q4 is almost the same as the number of Graduate + Industry

participants who answered yes to P2Q4. The observed proportion of yes to no for Un-

dergraduate participants is 0.56:0.44. The observed proportion of yes to no for Graduate

+ Industry participants is 0.52:0.48. We perform the Fisher's exact test for the null hy-

pothesis that there is no difference between the two proportions. The test gives us a

two-tailed p-value of 0.80 which suggests no significant difference between the two pro-

portions. Therefore, we do not reject the null hypothesis. In addition, the Phi coefficient

of association (\phi =  - 0.04) suggests little or no association.

Figure 6.26 shows how helpful participants found the requirements documents in read-

ing only the relevant information to answer Part 1 of the questionnaire. The means for
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Undergraduate Graduate + Industry Total
Yes 15 16 31
No 12 15 27

Total 27 31 58

Table 6.11: Number of participants in different groups went through different parts of
requirements documents in order to answer P1Q6 (P2Q4).

Figure 6.26: Assessments by different groups of participants on how helpful the require-
ments documents were in reading only the relevant information to answer each question
in Part 1 (P2Q5b).

the responses by Undergraduate participants and Graduate + Industry participants are

3.26 and 3.45 with standard deviations of 1.16 and 1.06 respectively. It seems that both

groups of participants rated the documents more than satisfactory for the relevance of

information.

To compare if there is any difference between the means, we plot a 95\% confidence in-

terval graph as illustrated in Figure 6.27. The confidence intervals overlap which suggests

that there might be no significant difference. We perform an independent-samples t-test

for the null hypothesis that there is no difference between the two means. The test shows

that there is no significant difference between the two means as the two-tailed p-value

is 0.51 at 0.05 level of significance (t =  - 0.66, df = 56, mean difference =  - 0.19, 95\%

confidence interval =  - 0.78, 0.39). Further, Cohen's effect value (d = 0.17) suggests low

practical significance.

The statistical analysis suggests that the relevance of information is not affected by

the experience of our participants. The analysis shows that no significant difference

in the number of Undergraduate participants and the number of Graduate + Industry

participants who went through different documents. We also find that the two groups of

participants have similar ratings for how helpful the documents were in reading relevant

information.
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Figure 6.27: 95\% confidence intervals for the responses to P2Q5b by different groups of
participants.

Hypothesis Testing: Confidence of Participants (EH3)

To test EH3, we ask participants in P2Q6b for their confidence in answering the questions

in Part 1 correctly. Figure 6.28 shows the distribution of participants' self-assessments on

question P2Q6b. Of the 29 participants in treatment ReqSpec, six participants answered

good for Part 1. On the other hand, of the 29 participants in treatment UCM, 18 reported

good or very good for their answers to Part 1. The mean responses for the ReqSpec

document and the UCM document are 2.76 and 3.62 with standard deviations 0.87 and

0.73 respectively. It seems that participants using the UCM document felt more confident

than participants using the ReqSpec document about the correctness of their answers.

As illustrated in Figure 6.29, the two confidence intervals do not overlap suggesting

a difference in participants' using different documents. To test for any statistically sig-

nificant difference, we perform an independent-samples t-test with the null hypothesis

that there is no difference between the mean responses. The t-test shows that there is

a significant difference as the two-tailed p-value is 0.00. The t-value we obtain is  - 4.09

with 56 degrees of freedom. Therefore, we reject the null hypothesis.

By examining the two means and the mean difference, we see that participants using

the ReqSpec document were less confident than participants using the UCM document.

The mean difference is  - 0.86. The difference in the 95\% confidence level is between

 - 1.29 and  - 0.44. We also calculate the effect size using Cohen's d, which suggests a high

practical significance (d = 1.07).

The analysis gives us high confidence to support EH3: there is significant difference

in the confidence of participants using different requirements documents. Since the UCM

document mean is greater than the ReqSpec document mean, participants were more con-

fident with their answers using the UCM document than participants using the ReqSpec

document.
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Figure 6.28: Participants' self-assessments on their confidence in answering Part 1 ques-
tions correctly using the ReqSpec document and the UCM document (P2Q6b).

Figure 6.29: 95\% confidence intervals for the mean responses to P2Q6b by participants
using the ReqSpec document and the UCM document.

Confidence of Participants by Experience

Figure 6.30 shows the distribution of participants' self-assessments on question P2Q6b.

More than 50\% of participants in each group reported satisfactory, good or very good to

P2Q6b. The mean value for Undergraduate participants is 3.15 with a standard deviation

of 1.03. The mean value for Graduate + Industry participants is 3.23 with a standard

deviation of 0.81. Both groups of participants seem to be confident in their answers to

Part 1 of the questionnaire. It appears that there is no difference between the two groups

of participants.

The 95\% confidence interval graph in Figure 6.31 shows that there might be no dif-

ference in the mean values between different groups of participants. We compute an

independent-samples t-test for comparing the two groups of participants. The null hy-

pothesis is that there is no difference in the mean values between Undergraduate partic-

ipants and Graduate + Industry participants. The t-test gives a two-tailed p-value of

0.748 which is not significant at the 0.05 level of significance. The t-value is  - 0.32, with
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Figure 6.30: Assessments by different groups of participants on confident they felt in
answering Part 1 questions correctly (P2Q6b).

Figure 6.31: 95\% confidence intervals for the responses to P2Q6b by different groups of
participants.

56 degrees of freedom. The mean difference is 0.08, and the 95\% confidence interval of the

difference is  - 0.56 and 0.41. Therefore, we cannot reject the null hypothesis. Further,

Cohen's effect size value (d = 0.09) suggests low practical significance.

The statistical analysis shows no difference in the confidence level of Undergraduate

participants and Graduate + Industry participants. This suggests that the experience of

our participants did not affect how confident participants felt in giving correct answers.
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Figure 6.32: A simple communication model in the context of the experiment.

6.3.4 Themes

Our experiment involves the researcher as the sender of information and participants

as the receiver of information. As shown in Figure 6.32, the channel is the ReqSpec

document or the UCM document. The questionnaire for the experiment is used as the

set of questions for a receiver to answer. In our experiment, we are interested in the

transparency of channel in presenting functional requirements of a software system to the

receiver. We are interested in exploring the following questions from the participants'

comments:

\bullet What affects the assessment of transparency of the communication channel?

\bullet What affects the accessibility, understandability, and relevance of the communica-

tion channel?

\bullet Are there any other interesting themes related to communication that emerged from

the experiment?

In this section, we discuss the themes that emerged from the participants' comments.

The themes are organised according to our attributes of transparency. Some themes iden-

tified from the experiment have sub-themes, which can be positive or negative comments

about software artefacts in general and the documents used in the experiment. There

are also comments which we coded as neutral themes. Figure 6.33 illustrates the ba-

sic elements of a theme. In addition, we include the total number of participants who

commented on each theme.
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Figure 6.33: Basic elements of a theme.

Factors Affecting Assessment of Transparency

In this section we discuss themes that affect the assessment of a communication channel's

transparency from the participants' comments. We find four main themes as summarised

in Figure 6.34. These themes are concerned with the assumptions that we made about

our working definition of transparency.

The first theme is ``transparency of information is context dependent"". We identify two

sub-themes that are related to this theme. The first sub-theme is about the relevance of

information. We discover the first sub-theme from the comments made by participants on

the effectiveness of different software documents or models in the demographic section.

According to one of the 58 participants, software documents' effectiveness in helping

participants to understand functional requirements depends on ``the type of project [that

they] are working on"". The participant further explained that ``[f]or a small project

a simple informal statement of work should be enough"". The comment suggests that

information required by stakeholders to understand requirements depends on the type of

project. This, in turn, suggests that the relevance of information depends on the context

in which the receiver is situated.

The second sub-theme is related to the understandability of information. This theme

comes from participants' comments on concerns about software artefacts in general. A

participant commented on ``finding the `right way' to describe software functionalities

\& descriptions to the client which suits their knowledge / usual approach of describing,

so they may better understand about the system"". Another participant mentioned that

``less technical documents would be useful for communication with stakeholders outside

of SE [(Software Engineering)]"". The comments show that information's presentation

is important to help the receiver to understand information. Moreover, the comments

show that how well the receiver understands information depends on the receiver's role.



132 An Experiment to Evaluate Transparency

Therefore, understandability of information depends on the context in which the receiver

is situated.

Another main theme affecting a receiver's assessment of the quality of channel's trans-

parency is related to the receiver's expectation of the communication channel. In our

experiment, the communication channel is either the ReqSpec document or the UCM

document. It is possible that our participants (receivers) have unreasonable expectations

for the quality of information presented in the requirements documents (communication

channel). Although there are no ``unreasonable"" comments in the experiment, one partic-

ipant seemed to have a negative feeling regarding the ReqSpec document in saying it ``was

a little annoying not being functionally driven"". This comment indicates the participant's

expectation that the structure of ReqSpec document be functionally driven. However, it

is unclear how the negative feeling affected the assessment of transparency.

The third theme is related to the receiver's prior knowledge and experience. As dis-

cussed in Chapter 3, the receiver's prior knowledge or experience affects how much time

the receiver expects to spend on obtaining and assessing information to answer his or her

questions. In our experiment, we identify three sub-themes related to this main theme.

The first sub-theme is a positive comment on the effectiveness of software documents in

the demographic section. The participant said it is ``easy to find information [within]

if you are familiar with the standard"", referring to requirements documents that follow

a specific format or standard. This comment implies that a receiver can easily access

information in a requirements document if the receiver knows the document's format or

standard. This in turn suggests that the receiver's familiarity with the standard can

improve the accessibility of information.

The second and third sub-themes are negative themes that we find from comments

on the ReqSpec document and the UCM document. Our participants commented on

the problems that they encountered when answering Part 1 of the questionnaire. Some

of our participants believed that their lack of knowledge or experience could affect how

they understood information provided in the requirements documents. For example, one

participant commented that the ReqSpec document ``... was a bit confusing to begin

with, but I think this is because of my lack of exposure to such document, and not the

document ..."" Another participant commented that he or she could not finish reading

the UCM document due to ``poor English skill"". The comments suggest that a receiver's

limited knowledge or experience affects the time it takes for the receiver to understand

information. In the experiment, one participant could not answer questions in Part 1 using

the ReqSpec document - the participant was not too sure ``how to acquire the relevant

information for a question"". The question that the participant could not answer was

P1Q7, one that many participants had trouble answering as discussed previously. The
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comment made by participants shows that the ability of a receiver in answering questions

can be affected by the receiver's uncertainty in looking for information.

The last theme affecting the assessment of transparency is related to the questions

that a receiver has in a simple communication model. In Chapter 3, we discussed our

assumption about the questions that a receiver has. The type of question depends on the

receiver's preconceived ideas of questions and finding answers. Their questions also affect

how the receiver finds desired information. This in turn affects the accessibility of infor-

mation. In our experiment, the questionnaire is used as the set of questions that a receiver

has to answer. We refer to the questions in the questionnaire as the researcher's ques-

tions. We find several comments made by participants on how the researcher's questions

affected participants' ability to find information. Firstly, participants' interpretations of

the questions affect how participants access information. It seems that one participant

could not find information as he or she could not understand the questions. Another

participant could not find information relevant to the questions. On the other hand, one

of the participants commented that he or she could find the information easily because

``the titles in the questionnaire matched the titles used in the document"". This suggests

that accessibility of information is affected by a receiver's interpretation of questions. It

also depends on the context, which in our experiment means the questionnaire.
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Figure 6.34: Themes that affects the assessment of transparency.



6.3 Analysis 135

Accessibility

We find seven themes that affect the accessibility of information as summarised in Figure

6.35. The first theme concerns how the sender of information affects accessibility. Partic-

ipants commented on concerns regarding the sender as well as software artefacts. These

concerns indicate that the accessibility of information might be hindered by the sender's

willingness to share information. The accessibility of information might also be affected

by a lack of software artefacts.

In the experiment, we find that the organisation of the ReqSpec document and the

UCM document have positive and negative effects on the accessibility of information. For

example, participants found the use case diagram, the document structure, and the table

of contents in the UCM document helpful in locating information. On the other hand,

participants using the ReqSpec document commented that headings and sections of the

document needed to be improved. An index and an appendix could be included in the

ReqSpec document to improve participants' locating information.

Another theme that arises from the experiment is the format of the document. Most

of our participants were given physical copies of the ReqSpec document and the UCM

document in the experiment. Participants were required to find information in the doc-

ument manually, which in turn could take more effort than searching for information

electronically. A few of our participants made that observation. One participant also

commented that his or her ``ability to manually search text has diminished"" because he

or she became used to finding information on a computer. It seems that information in

electronic format could help to improve accessibility of information.

We also find different factors that hinder participants in locating information within

the ReqSpec document or the UCM document. For example, participants using the

ReqSpec document found similar information was distributed throughout the document,

and as a result they were confused when trying to locate specific information. Some

participants using the ReqSpec document also commented that the table of contents was

not helpful for finding information or that the navigation of the document was not easy.

Similarly, one participant using the UCM document mentioned that he or she needed to

``... refer back and forth...""

Among the comments made by participants using the ReqSpec document, there is a

common theme regarding time. Out of all 58 participants, five participants who used the

ReqSpec document noted that they could not locate the information after spending 10

minutes or a long time on each question of Part 1 of the questionnaire. However, we did

not find any participants who used the UCM document commenting that they spent more

than 10 minutes on each question. Similarly, at least 10 of the 29 participants using the
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ReqSpec document mentioned that they needed to look through the document to answer

questions whereas no participants using the UCM document made that comment.
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Figure 6.35: Themes for the ``Accessibility"" attribute of transparency.
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Understandability

In the experiment we identify three main themes that are related to the understandability

of information. Figure 6.36 summarises the three understandability themes.

The first theme is related to the sender of information, in which the sender affects the

presentation of information. This in turn affects how well the receiver understands this

information.

The second theme is related to how the ReqSpec document and the UCM document

affect the understandability of information. According to our participants who used the

UCM document, the use case diagram was useful in helping them to understand the func-

tionality of the system. However, a few of the participants who used the UCM document

suggested that the use case diagram was insufficient. More diagrams like workflow dia-

grams could improve understanding of the system's functionality. Participants using the

ReqSpec document also suggested including use case diagrams as well as diagrams like

sequence diagrams in the document to help readers understand the system. Similarly,

participants using the ReqSpec document and participants using the UCM document

suggested that using pictures or illustrations helps in understanding.

The third theme is related to different factors that hinder participants' understanding

of the information. A few of our participants commented that they needed more time to

understand the information presented, particularly in the ReqSpec document. Similarly,

the terminology and abbreviations used in the ReqSpec document and the UCM document

were not easy for two of our participants. Another factor that hindered the participants'

understanding of information is the confusing nature of the information in the ReqSpec

document. Of the 58 participants, four participants commented that the information was

confusing.



6.3 Analysis 139

Figure 6.36: Themes for the ``Understandability"" attribute of transparency.
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Relevance

We find three main themes from the experiment that affect how relevant receivers thought

the information was to answer the questions. Figure 6.36 shows the summary of the

three themes conveying the relevance of the information. In the experiment, we find

26 participants commented that they could not answer questions sufficiently using the

requirements documents. Participants commented on problems such as missing detailed

information in the documents. Participants also commented on the information in the

documents being unclear which also affected their ability in understanding information.

In addition, there were comments regarding question P1Q7. Participants commented that

they could not find clear information or direct quotes to answer the question.

The second theme that we find is related to receivers having too much information

which might affect the time that receivers spend on answering their questions. Several

participants using the ReqSpec document reported that there was too much text to read in

the document. There were also two participants using the UCM document who reported

that the use cases were long. Furthermore, there were concerns about over-documentation

and long documents which could cause participants to spend too much time on document-

ing or reading irrelevant information.

Another theme is related to the problem of finding relevant information by our par-

ticipants. This theme comes mainly from the responses made by participants to P1Q7.

Twenty-three participants commented that they could not find the information at the

expected location to answer P1Q7. For example, one of the participants who used the

ReqSpec document reported that he or she ``looked in section 3 page 27 because contents

suggested data requirements but did not find relevant information."" Similarly, a partic-

ipant who used the UCM document answered P1Q7 with the comment: ``... not seen

relevant information on page 17. Neither for the Use Case Diagram on page 4."" Based

on such comments, we find that the information presented in the documents could be

irrelevant for answering questions.
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Figure 6.37: Themes for the ``Relevance"" attribute of transparency.
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Figure 6.38: Interesting additional themes that arise from the experiment.

Other Concerns

We find six interesting themes that arise mostly from the comments made to P2Q9 (con-

cerns about software artefacts or communication in general) in the experiment, as sum-

marised in Figure 6.38. We find these themes affect communication between the sender

and the receiver of information.

The first two themes about document format and incomplete information are related

to the completeness of information. Firstly, one of the participants commented that

``following standards ensure all the requirements clauses are covered"" when answering

demographic questions about different documents or models. This suggests that the

format or standard that a document follows affects the completeness of requirements for

a software system. This is important when the receiver is concerned with the completeness

of information. The second theme is related to the completeness of the ReqSpec document.

One participant mentioned that he or she ran out of time answering questions possibly

because of some incomplete sections in the document. This suggests that there was a

relevance problem concerning insufficient information.

Another theme we find is related to the accuracy of information. Two participants

mentioned problems in mismatch of code and documentation as well as incorrect spec-

ification from stakeholders. As well, one participant reported that the UCM document

might have an error when answering P1Q7. Although there were only a few responses

regarding accuracy of information, this theme of questioning the accuracy of information

is important to communication. As one of the participants commented, ``incorrect specs

from client leads to incorrect implementation"" which leads to waste of time and bad prod-

uct. Accuracy of information is also one of the important attributes of communication in

Chapter 5.

In the experiment, up-to-date information is important to participants. However, it
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seems difficult to keep information up-to-date as commented by five participants. Partic-

ipants as receivers might suspect the information, as in ``is the information up-to-date?"",

``what information has changed?"". Similarly, traceability of software artefacts seemed to

be important to two participants. Traceability could also be one of the questions that the

receivers have about software artefacts.

The last theme we find is related to the manageability of stakeholders. This theme

also appeared in Chapter 5 as one of the communication problems. Although the survey

did not show if this problem is significant in communication among stakeholders, we find

one of the participants mentioned that manageability of stakeholders was a problem in his

or her organisation. The participant commented that there were too many stakeholders

to deal with. Stakeholders sometimes sent different information. This in turn caused

confusion for developers and thus a waste of time.

6.4 Threats to Validity

In this section we discuss the threats to the validity of the experiment and the mitigations

to these threats. We assess the threats to validity based on Figure 6.39, which shows the

cause-effect construct for the experiment. The figure is based on the validity threats dis-

cussion by Trochim [113]. In the experiment, we theorise that the use of requirements

documents with improved transparency (a cause) can lead to a more effective communi-

cation (an effect). This is the top part of Figure 6.39. We then operationalise our theory

to the bottom part of Figure 6.39. We evaluate the requirements documents with acces-

sibility, understandability, and relevance as discussed in Section 6.1.5. We then observe

how well our participants answer questions using the ReqSpec document and the UCM

document. In the following sections, we first discuss the conclusion validity and internal

validity that are related to the observation part of the experiment. We also discuss the

construct validity which concerns the operationalisation of theory to observation. Finally,

we discuss the external validity of the experiment.

6.4.1 Conclusion Validity

As illustrated in Figure 6.39, conclusion validity concerns the conclusions made about the

program-outcome relationship. In the experiment, we need to be aware of any threats that

could affect the conclusions made about our hypotheses, EH1 (time), EH2 (correctness),

and EH3 (confidence). There were several potential threats in the experiment that could

lead us to incorrect conclusions.

Similar to the threat to conclusion validity of our survey, the main threat in the



144 An Experiment to Evaluate Transparency

Figure 6.39: Cause-effect construct for our experiment.

experiment was the conversion of ordinal scale (Very good, Good, Satisfactory, Poor, Very

poor) to numerical values. In the analysis of our experiment, we transformed the Likert

scale for P2Q6b into numerical values for testing EH3. We also transformed the Likert

scale for P2Q5 and P2Q6a for analysing participants' assessment on the accessibility,

understandability, and relevance of information. We then performed t-tests on the Likert

data to see if there were any statistically significant differences. The use of parametric

statistical tests on Likert data could violate statistical rules. This in turn could affect our

conclusions about the differences between the UCM document and the ReqSpec document.

However, according to Norman [81], parametric statistical tests could be used for analysing

Likert data without the ``fear of coming to the wrong conclusion"". Therefore, it was

reasonable to use parametric tests for analysing our data.

In our analysis, we used two-tailed tests to test the three hypotheses, EH1, EH2, and

EH3. The two-tailed tests helped us to determine if there were any statistically significant

differences between the two treatments regardless of the directions of such differences. To

test if the UCM treatment is significantly better than the ReqSpec treatment, one-tailed

tests could be used. Additional hypotheses for our experiment could be constructed to

capture the direction of interest. For example, we could have a new hypothesis in addition

to EH1: the time spent by participants using the UCM document is less than the time

spent by participants using the ReqSpec document to answer questions in Part 1 of the
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questionnaire. In this thesis, we determined if there were any differences between the

two treatments by using two-tailed tests. For future analysis, one-tailed tests would be

appropriate for detecting effects in the direction of interest.

In our experiment, how we assign the requirements documents could also threaten

the conclusion validity. If our assignment was biased toward one of the treatments, for

example participants with more experience received the UCM document, the conclusion of

the experiment could favour that treatment. To minimise assignment bias, we randomly

assigned documents to our participants in the experiment. This made sure that the

assignment of the documents was not bias toward the UCM document, which was more

transparent than the ReqSpec document.

We also have another threat regarding the random heterogeneity of participants in

our experiment. According to Wohlin et al. [122], individual differences could have a

larger effect on the outcome of the experiment than the treatments if subjects were very

heterogeneous. In our experiment, we focused on two types of participants, students and

software professionals. The year of study or the amount of work experience that our

participants have could affect how they use the requirements documents. However, from

the statistical analysis, we did not find the difference in the experience of our participants

has a significant influence on the effectiveness of the documents.

6.4.2 Internal Validity

Internal validity is concerned with whether there is a causal relationship between the

program and the outcome. When conducting our experiment, we need to ensure that the

outcome of the experiment is caused by the two treatments and not caused by uncontrolled

or unknown factors. There were several potential threats to the internal validity of our

experiment.

The first threat was related to participants' reactions during the experiment. Since

the experiment involved participants' reading requirements documents and answering

the questionnaire, our participants could feel frustrated if they could not find answers.

They would also feel tired if the questionnaire took too long to answer. This might lead

participants to answer randomly or not to answer the questionnaire at all. To reduce the

likelihood of participants' feeling negative about the experiment, we tried to minimise the

length of the questionnaire and to include questions that could be answered easily.

Another threat to the internal validity was how we selected our participants. We used

convenience sampling, in which our participants volunteered to take part in the exper-

iment. Our participants might be more motivated than the population in the software

industry. Our participants might feel more positive about the requirements documents
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than the population in the software industry. This in turn could affect the results of

how helpful the requirements documents were in answering questions. However, how our

participants perceive the requirements documents did not have a significant impact to

the hypothesis testing. This was because the goal of the experiment was to compare the

effectiveness of the requirements documents. The focus of the analysis was on determin-

ing which requirements document was more effective in helping participants to answer

questions.

6.4.3 Construct Validity

Construct validity is concerned with the operationalisation links between theory and ob-

servation of the experiment. In our experiment, we needed to evaluate whether the ques-

tions constructed actually tested the three hypotheses (the second operationalisation link

from the effect to the outcome). The main threat to the construct validity was the ex-

perimental design. We used the questionnaire as a set of questions that a receiver has in

the communication model for our participants. We also used the questionnaire to collect

participants' opinions about the requirements documents.

The wording of the questions could be a threat to construct validity, which would

also affect the conclusion validity. If the questions were ambiguous, our participants

might be unable to answer them. Participants could also misunderstand the questions

and give us wrong answers. In the experiment, we found that question P1Q4 might be

ambiguous to our participants using the UCM document. There was a confusion between

the word ``requirements"" used in the question and the word ``prerequisites"" used in the

UCM document. However, we did not find any significant impact on the correctness of

answers collected for that particular question.

The length of the questionnaire could also be a threat. Some questions might be left

unanswered as we limited the time that our participants could spend in the experiment.

Our assessment on the effectiveness of the requirements documents might be affected by

incomplete answers. To mitigate this threat, we minimised the number of questions in

the questionnaire. Participants were asked not to spend too much time on each question.

They were also asked to note down any problems if they could not answer the questions.

In addition, we conducted a pre-test to see how long it took to read the requirements

documents and to answer the questionnaire. This pre-test helped us to improve the

format of the questionnaire.

We also constructed the questions based on the wording used in the ReqSpec docu-

ment. Participants could identify keywords from the questions and thus find information

in the requirements documents. This could help participants to answer the questions
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within the time of the experiment. In addition, we tried to minimise bias in favour of

the UCM document by constructing the questionnaire based on the ReqSpec document.

For example, we asked participants about the requirements for handling hard-copy ap-

plications in P1Q4. The question was constructed based on the wording in the ReqSpec

document.

The difference in the year of study or work experience might affect the outcome of our

experiment which in turn would affect the conclusion of our experiment. For example,

graduate students might perform better in the experiment than undergraduate students

because they were more likely to have more experience with different software artefacts.

However, the data collected from the experiment did not show any significant difference

in how well the participants answered the questionnaire with respect to their experience.

Another threat to the construct validity is related to how the participants assess their

confidence in understanding the requirements documents. The participants might try

to give a better score about how well they understood the documents and how well they

answered the questionnaire. Their self-assessments might not represent what they actually

thought. This threat could affect the assessment of which requirements document was

more effective in helping participants to answer questions. To determine the effectiveness

of the documents, we not only looked at participants' self-assessments but we also looked

at the time spent and the number of questions answered correctly by participants in the

experiment.

How we assessed the correctness of answers to Part 1 of the questionnaire was a

potential threat to construct validity. The correctness of the answers was determined by

the researcher. The researcher might misinterpret the answers and which consequently

affected the conclusions made about the effectiveness of the requirements documents. It

was not easy to evaluate answers objectively as the questions in Part 1 of the questionnaire

were open-ended. To minimise the risk of misinterpretation, we also looked at the locations

where they found the information to answer some questions in Part 1. This helped us to

ensure that participants looked in the right locations for the answers rather than guessing

the answers. If the participants guessed the answers, this could affect our analysis about

the degree of transparency of documents. This in turn could also lead us to wrong

conclusions about the documents. In the experiment, we found a few participants inferred

the answers from screenshots instead of from the actual text.

In the experiment, we believe that the UCM document was more transparent than

the ReqSpec document. One potential threat to construct validity was that the UCM

document was not more transparent than the ReqSpec document. The effectiveness of the

documents in presenting functional requirements to participants could be caused by other

constructs such as the experience of participants. Such threat could affect our conclusions
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about transparency and its usefulness in requirements engineering. However, we analysed

the degree of transparency in the documents based on the three attributes of transparency

in Section 6.1.5. The preliminary transparency analysis showed that the UCM document

was more accessible and relevant than the ReqSpec document. Moreover, we found the

UCM document was more accessible and relevant to our participants than the ReqSpec

document from participants' responses to the questionnaire. Furthermore, we did not

find any significant differences in the effectiveness of the documents with respect to the

experience of participants. Therefore, based on the preliminary transparency analysis

and the results of the experiment, the UCM document was more transparent than the

ReqSpec document.

6.4.4 External Validity

External validity concerns the generalisation of the theory on top of Figure 6.39. The

main threat to external validity concerns our sampling method for the experiment. We

can not generalise our results to the population in the software industry as our partic-

ipants are mainly students and a small number of software professionals. It is difficult

to determine how well the knowledge and experience of the student participants have in

comparison with the population in the software industry. Our results are also limited to

one aspect of requirements engineering as we focus on presenting functional requirements

of a software system. However, the data collected from the experiment helps us to com-

pare the effectiveness of the two requirements documents. The results also give us high

confidence to support our hypotheses.

6.5 Summary

In this chapter we presented the design and the execution of our experiment. The exper-

iment was conducted to evaluate how useful transparency was in presenting functional

requirements of a software system using two types of requirements documents. We de-

termined that the UCM document was more transparent to our participants than the

ReqSpec document for answering questions about the functionality of a software system.

In Section 6.3, we presented the descriptive statistics of the experiment as well as the

hypothesis testing for EH1, EH2, and EH3. We also organised the comments made by

our participants into different themes.

The statistical analysis gives us high confidence to support our hypotheses. Firstly, we

find that there is a difference in the time spent to answer questions between participants

using the ReqSpec document and participants using the UCM document. On average,
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participants who used the UCM document spent less time answering questions in Part 1

of the questionnaire. Secondly, there is a difference in the number of questions answered

correctly by our participants. The results show that, out of four questions, participants

using the UCM document answered more questions correctly with an average score of 3.34

than participants using the ReqSpec document with an average score of 2.48. We also find

that participants who used the UCM document were more confident about their answers

than participants who used the ReqSpec document. The results suggest that the UCM

document was more effective than the ReqSpec document for participants in answering

questions about the functional requirements of a software system.

In the experiment, we observe the experiential differences between Undergraduate

participants and Graduate + Industry participants. The statistical analysis shows no

significant difference between the two groups of participants in the time spent in answering

questions and the number of correct answers. The analysis also shows that there is no

difference between the two groups of participants in the confidence of the correctness of

their answers.

The UCM document as we determined was more transparent than the ReqSpec doc-

ument. We find that the UCM document was more accessible to our participants for

identifying locations of information than the ReqSpec document. The results also suggest

that fewer participants went through different parts of the UCM document than those us-

ing the ReqSpec document to find relevant information. Moreover, participants tended to

be more satisfied with the UCM document than those using the ReqSpec document. The

findings from the experiment show that transparency is a useful attribute in presenting

functional requirements of a software system.

In the qualitative analysis, we find several themes that affect the assessment of trans-

parency of the communication channel. The themes relate to the assumptions about

transparency in Chapter 3. We also find themes that affect the accessibility, understand-

ability, and relevance of the channel. In addition, we find other interesting themes such

as the need for up-to-date information that emerge from participants' comments.

In the following chapter, we discuss the research questions that we addressed in this

thesis. We also discuss interesting points from the exploration and evaluation of trans-

parency. In addition, we discuss limitations of our research and improvements on our

survey and experiment.
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7
Discussion

In this thesis, we have explicated the concept of transparency for software engineering by

exploring existing notions of transparency and introducing a working definition of trans-

parency for software engineering. The exploration stage helped us to define a clear picture

of the concept of transparency and its boundaries for software engineering. We used the

working definition to observe and describe how transparency in requirements documents

affected stakeholders' ability to answer questions. Our evaluation of the importance of

transparency in software engineering involved the use of two types of requirements doc-

uments with different degrees of transparency in an experiment. The purpose of the

experiment was to support the hypothesis about the usefulness of the concept of trans-

parency in software engineering.

The exploration and evaluation of transparency have brought to light some interesting

points. These points help us to identify areas for future investigation of transparency in

software engineering. In this chapter, we discuss these points and inferences from our

research findings. We also discuss limitations of our research and improvements on our

survey and experiment. Before we discuss the interesting points from our research, we first

revisit our research objectives in the following section. We discuss the research questions

that we addressed in this thesis.
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7.1 Revisiting the Research Objectives

In this thesis, we explored two questions: what is transparency in software engineering

and how useful is transparency to software development. This thesis has two stages,

exploration and evaluation. In the exploration stage, we aimed to gain insights into the

basic concept of transparency and its relation to software engineering. We answered the

following two research questions:

\bullet RQ1. How much does the term ``transparency"" occur in the software engineering

literature?

The term ``transparency"" is widely used in the software engineering literature. In

the literature search, the term ``transparency"" appears in different areas of software

engineering. In Chapter 3, we look at how transparency is defined and used in the

following areas of software engineering: information privacy; computer ethics; secu-

rity, trust, and risk management; visual notations; agile development; dependable

systems; and requirements engineering. A percentage count or a systematic liter-

ature review on how much the term ``transparency"" occurs in the literature might

fully answer RQ1. However, the main purpose of the exploration stage is not to do a

precise count on the occurrence of the term ``transparency"" in software engineering.

The main purpose is to understand the concept of transparency and its relation

to software engineering. The literature search reveals the use of transparency in

different areas and the diversity of the implications of transparency in software en-

gineering. For example, transparency implies the visibility of information about a

software project in agile development. In the context of visual notations or graphical

representations, transparency implies the meaning of information could be inferred

from its appearance.

\bullet RQ2. What is the concept of transparency in the software engineering context?

We define transparency in software engineering as the degree to which stakeholders

can answer their questions by using the information they obtain about a software sys-

tem during its life cycle. This definition of transparency is based on the implications

found in Chapter 2. We evaluate our preliminary definition of transparency by using

a survey (Chapter 5). The survey results suggest that our definition is important for

communication in software projects. Moreover, this definition of transparency rests

on three attributes: accessibility, understandability, and relevance. These attributes

affect stakeholders' ability to see the information to achieve their goals. The survey

results also suggest that the three attributes are important or very important to our

definition of transparency.
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At the evaluation stage, we answered the third research question:

\bullet RQ3. How important is the concept of transparency to successful software develop-

ment?

To answer RQ3, we construct a set of hypotheses that show the importance of

transparency to different aspects of software development. We illustrate the impor-

tance of transparency in requirements engineering through an experiment (Chapter

6) based on responses to a questionnaire from software professionals and students.

The experiment demonstrates the usefulness of transparency in presenting functional

requirements of a software system to software developers and tertiary students. The

results from the experiment imply that the concept of transparency can be useful

for improving the software development process.

We have addressed the three research questions by collecting evidence about trans-

parency from a literature review, an exploratory survey, and a controlled experiment. In

the following section, we discuss the evidence collected from the survey and the experi-

ment.

7.2 Exploring Transparency

In the exploration stage, we explored existing notions of transparency from different areas

including software engineering (Chapter 2 and Chapter 3). We also collected opinions

from stakeholders, mainly software developers, about communication problems in software

projects and transparency in different contexts (Chapter 5). The exploration revealed

different implications of transparency used in different areas. It also revealed the lack of

specific measurable characteristics and ways to measure the concept of transparency in

software engineering. We discovered two interesting points from the exploration.

The first point relates to the communication problems reported by our participants

in the survey. When our participants were receivers of information, they reported more

problems with inaccessible and non-understandable information in a software project.

As senders of information, they have problems with stakeholders understanding their

information more frequently than other types of problems. This type of asymmetry in

the social sciences indicates an ``actor-observer"" bias or a ``superiority bias"". In an actor-

observer bias, the observer of an action is more likely than the actor of that action to

ascribe fault to the actor [64]. In a superiority bias, members of any group are more likely

to judge outsiders more harshly than other members within their own group [49].
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The two types of bias could explain the asymmetries found in our survey. Our partici-

pants could suffer from an actor-observer bias as they tended to report the communication

problems being the fault on the other side of the communication model. Our participants

might also suffer from a superiority bias as they could consider themselves to be above-

average in communication skills and the other side of the communication model being

below-average in communication skills. Therefore, the bias can affect the sender or re-

ceiver's assessment of the degree of transparency of information during communication

in the software life cycle. This in turn can affect senders' ability to accurately articulate

communication problems.

The second point also relates to the communication problems reported by our partic-

ipants in the survey. Our participants have reported inaccurate information as another

common problem in software projects. Problems with the accuracy of information can

affect communication in software projects as discussed in Section 1.4. They may also

affect receivers' assessment of the degree of transparency of information presented in the

communication channel. When the information is inaccurate, receivers may judge the in-

formation as irrelevant or insufficient to answer their questions. Receivers may thus assess

the inaccurate information as non-transparent. Therefore, the accuracy of information has

some effect on the receivers' ability to answer their questions. The effect of the accuracy

of information will depend on the type of receivers' questions. It seems that accuracy

could be the fourth attribute of transparency as it affects the receivers' ability to answer

questions. However, we believe that accuracy is not an attribute of transparency. This is

because inaccurate information could still be accessible and understandable to receivers.

The relevance of inaccurate information would depend on what questions receivers have.

If accuracy of information is not a concern for receivers, inaccurate information is trans-

parent to receivers when it is accessible, understandable and relevant to their questions.

Hence, accuracy is an attribute of information that enables or hinders transparency.

Similarly, other attributes of information such as valid and up-to-date information as

mentioned by our participants may also affect receivers' ability to answer their questions.

How much these attributes enable or hinder transparency will also depend on the questions

that receivers have. For example, if a receiver is concerned with the latest requirement

changes, the only relevant information to the receiver is about the requirements being

up-to-date. The second point suggests a need to investigate how different attributes of

information may affect receivers' ability to answer their questions. There is also a need

to analyse different types of questions a receiver may have during communication in the

software life cycle.
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7.3 Evaluating the Importance of Transparency

In the evaluation stage, we designed and conducted an experiment to compare two differ-

ent types of requirements documents in presenting functional requirements of a software

system. The results of the experiment (Chapter 6) demonstrated that a more transparent

requirements document was more effective for software developers and tertiary students

to answer questions about the functional requirements of a software system than a less

transparent requirements document. We discovered three interesting points from the

evaluation.

The first interesting point relates to the understandability of the requirements docu-

ments. From the comments made by our participants in the experiment, most of them

could understand the requirements documents. According to our participants who used

the UCM document, the use case diagram was useful in helping participants to understand

the functionality of the software system. However, a few of our participants commented

that the use case diagram was insufficient in the UCM document. They suggested that

more diagrams such as workflow diagrams would improve understandability. Interest-

ingly, participants who used the ReqSpec document suggested that the ReqSpec docu-

ment should include use case diagrams and other diagrams such as sequence diagrams

to help readers understand the software system. In addition, participants in both treat-

ments suggested that using pictures or illustrations could help readers to understand the

information presented in the requirements documents.

It seems that diagrams or pictures can help receivers understand information. The

number of diagrams or pictures presented in software artefacts can affect receiver's ability

to understand information. In the experiment, more diagrams or pictures may have

improved understandability of information in the requirements documents. However,

this is not always true. If our participants were unfamiliar with the notations used in the

requirements documents, problems such as misunderstanding of requirements as discussed

by Al-Rawas and Easterbrook [2] can occur. This raises a question for future research:

How much do diagrams or pictures affect the transparency of information presented in

software artefacts?

The second interesting point relates to the relevance of the requirements documents.

In the experiment, problems relating to unclear or missing detailed information affected

our participants' ability to find information. For example, 23 of 58 participants (ap-

proximately 40\%) commented that they could not find relevant information to answer

P1Q7 using either the ReqSpec document or the UCM document. P1Q7 was a tricky

question to our participants in the questionnaire as neither document had clear, specific

information. Some participants also could not find relevant information at the expected
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location to answer P1Q7 and tried to look for relevant information in other locations of

the documents again. It seems that missing or incomplete information in the documents

affects the assessment of relevance. This raises another question for future research: How

does missing or incomplete information affect the transparency of information presented

in software artefacts? This point is also related to the point discussed previously regard-

ing how different attributes of information may affect receivers' ability to answer their

questions.

In addition to missing or incomplete information, other interesting themes arise from

the comments on concerns about software artefacts or communication in general. Two of

the concerns focus on accuracy of information and the need for up-to-date information.

These two concerns also appeared in the point discussed previously regarding the effect

of different attributes of information on receivers' ability to answer their questions.

Lastly, we find an interesting observation from the experiment: the participants who

used the ReqSpec document might have inferred the answer to P1Q6 from information

such as screenshots instead of from the actual text. This might affect the assessment of

transparency. The inference of information might give participants a false sense that the

information presented in the ReqSpec document is adequate to answer their questions.

Participants might interpret the meaning of information differently to what is originally

intended and thus think that they have answered their questions sufficiently. This suggests

a need to consider how receivers use information when building a diagnostic framework,

also future work for research in transparency in software engineering.

7.4 Inferences

In this section, we discuss the inferences drawn from our research findings. We first

discuss the application of transparency in software engineering. We then discuss our

working definition of transparency in the context of the three attributes of transparency.

We discuss attributes of information that may affect receivers' assessment of transparency.

7.4.1 Application of Transparency

The results from the experiment demonstrate transparency's usefulness to requirements

engineering. The results show that a more transparent requirements document tends to be

more effective than a less transparent requirements document in presenting information

to software developers and tertiary students. The findings from the experiment suggest

that having a transparent requirements document is useful for conveying requirements to

stakeholders who have some knowledge or some experience in requirements engineering.
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Stakeholders can understand the functionality of a software system in a shorter period

of time using a transparent requirements document. They can be more confident about

the information obtained from a transparent requirements document. The findings from

the experiment also suggest that the degree of transparency of a requirements document

depends on how a receiver uses and perceives such document. The presentation of infor-

mation in a requirements document affects how a receiver uses the document, which in

turn affects how a receiver assesses the accessibility, understandability, and relevance of

information.

Transparency, as illustrated from the findings of the experiment, can affect how well

a communication channel conveys information to receivers. Hence, increasing the degree

of transparency in software artefacts improves stakeholders' ability to answer questions

about a software system in development. Good transparency enables stakeholders to

obtain information within a reasonable amount of time, and stakeholders are likely to be

more confident about the information. For example, software project managers can be

more confident about the project status when software artefacts that contain information

about their software projects are transparent. Then, they ask fewer questions about the

software developers and their work for the project when the information provided by

software developers about what they are doing is transparent. A transparent software

artefact can thus reduce the number of stakeholders' questions and can lead to a more

effective assessment of the software system. It also reduces the number of communication

channels needed for the sender to convey information to different stakeholders. This in

turn improves the software development process. Similarly, good transparency improves

the information presented about a software product. For example, users have a better

understanding of the features provided in the software product consulting transparent

user manuals.

To improve the software development process, or to improve the information about

a software product, our preliminary set of questions for determining the degree of trans-

parency is useful. As illustrated in the experiment, the questions in Table 6.1 (Chapter

6) are applicalbe to analyse transparency of a software artefact. In the experiment, these

questions determined the accessibility, understandability, and relevance of the require-

ments documents. This set of questions is the starting point for building a diagnostic

framework. It helps stakeholders at the sender side to diagnose problems in the commu-

nication channel during the software life cycle. For example, according to the interviews

conducted by Al-Rawas and Easterbrook [2], one programmer complained that he had to

read a large amount of text to understand a single requirement. If the sender of require-

ments (a requirements engineer or a software developer) had our set of questions, he would

diagnose that the information had problems with relevance. The programmer encountered
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relevance problems where he could not answer his questions within a reasonable amount

of time and the information was not directly connected to his questions. Therefore, the

set of questions for determining transparency is useful to software developers. In addition,

software developers can use this set of questions to explicitly think about the concept of

transparency when communicating with other stakeholders.

7.4.2 Attributes of Transparency

We have conceptualised transparency in software engineering and have argued that stake-

holders need communication with three attributes of transparency to answer their ques-

tions. Firstly, accessibility is important as it concerns how easily stakeholders can access

information to answer their questions. Accessibility must come before understandability

and relevance of information. Next, stakeholders need understandable information to an-

swer their questions. Lastly, if the information is relevant to their questions, stakeholders

can answer their questions within a reasonable amount of time. Therefore, these three

attributes are important for enabling stakeholders to use the information to answer their

questions.

We believe that our working definition is useful in software engineering as it reduces the

ambiguity of existing notions of transparency. For example, Dabbish et al. [30] stress that

transparency supports communication and coordination behaviours in software develop-

ment as it makes work visible to stakeholders. According to Dabbish et al., transparent

development environments allow everyone to ``see and have meaningful access to (almost)

everything"". However, from the literature, it is unclear how stakeholders see information

or what a meaningful access is. Our definition is clear about how well stakeholders ``see

and have meaningful access"" to information. Stakeholders should be able to answer their

questions using the information created in transparent development environments. Ac-

cessibility and understandability determine how well stakeholders see information. Stake-

holders can see information if they can access and understand the information. We can

also determine how meaningful the information is to stakeholders with relevance. The

information is meaningful to stakeholders if it is relevant to answering their questions.

Therefore, our working definition is useful in many ways for improving existing notions

of transparency.

However, our working definition is restricted. This is because we did not specify the

behaviour of the sender of information or the truthfulness of information provided to

stakeholders. Our definition depends on the judgement of stakeholders who obtain the

information during the software life cycle. As discovered in the exploration and evaluation

stages of our research, other attributes of information may affect the assessment of trans-
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parency. Some existing notions of transparency as we explored in software engineering

also imply that transparency has other attributes such as accuracy. For example, Ghezzi

et al. [48] assert that transparency makes a development available and easily accessible

for examination. They further suggest that a software product is visible if ``it is clearly

structured as a collection of modules, with clearly understandable functions and available

and accurate documentation"". This implies that a transparent software product has the

following attributes: understandability, availability, and accuracy of information.

Another example of different attributes of transparency is in the discussion by Sam-

paio do Prado Leite and Cappelli [95]. Sampaio do Prado Leite and Cappelli propose

that transparency is a general quality or a non-functional requirement for a software

system which relates to information disclosure. They identify 33 quality attributes that

contribute to transparency. Attributes such as accuracy and completeness are among

the 33. Two of our attributes of transparency - accessibility and understandability - are

also related to their definitions for accessibility, informativeness, and understandability.

However, as discussed in Section 3.2.7, our third attribute of transparency - relevance - is

not in their list of 33 attributes. Moreover, their definitions of the quality attributes are

ambiguous, and the context is unclear. Many of their quality attributes seem to depend

on the type of questions that stakeholders have. Furthermore, it is unclear how each of

the 33 quality attributes affects stakeholders' ability to answer their questions. It is also

unclear how these attributes affect the quality of information being disclosed to stakehold-

ers. An investigation of how other attributes of information may affect the assessment of

transparency can be carried out in future.

Although Sampaio do Prado Leite and Cappelli provide a list of attributes that con-

tribute to transparency, it seems difficult to apply all 33 attributes to achieve transparent

communication in software engineering. It also seems difficult to analyse the degree of

transparency in software engineering using all 33 attributes. Moreover, many of their qual-

ity attributes are dependent on the context in which stakeholders are situated. Not all

of their quality attributes contribute to transparency in software engineering every time,

whereas our three attributes are important to achieve transparency in software engineer-

ing. As an example, one of their quality attributes - operability - is not applicable to our

experiment, because ``the quality of being treated by surgical operation"" is not a concern

for the requirements documents. Our three attributes - accessibility, understandability,

and relevance - can be more easily applied for analysing the degree of transparency in

software engineering than Sampaio do Prado Leite and Cappelli's list of the 33 attributes.

The time it takes to analyse transparency would be shorter using our attributes than

using Sampaio do Prado Leite and Cappelli's attributes.

In summary, our working definition of transparency is useful to clarify ambiguous exist-
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ing notions of transparency in software engineering. The three attributes of transparency

are useful in determining how well stakeholders answer their questions about a software

system during its life cycle. The next step is to formalise our working definition of trans-

parency in software engineering. It is important to establish a formal definition to help

researchers to properly observe and interpret transparency in software engineering. The

formal definition will also help researchers to consolidate ideas relating to transparency in

software engineering. In addition, it will be important for constructing a credible diagnos-

tic framework based on an authoritative definition of transparency. Collecting supporting

evidence will formalise the definition of transparency. Evidence such as the validity and

appropriateness of the definition in software engineering will be required.

In this thesis, we have conducted two empirical studies (survey and experiment) which

supported our claims about transparency and its usefulness in software engineering. We

have also demonstrated the evaluation of transparency using our working definition in the

preliminary transparency analysis of the two requirements documents for the experiment.

However, the evidence that we collected in this thesis is limited. For example, the results

of the experiment demonstrated the usefulness of transparency in one aspect of software

engineering (requirements engineering). To formalise the definition in software engineer-

ing, evidence from different aspects of software engineering is needed. In the following

section, we describe the limitations of our research.

7.5 Limitations

We have presented the results from a survey in Chapter 5, in which we explored com-

munication problems from a software project stakeholders' point of view. The responses

collected from the survey showed that a majority of our participants frequently or always

encountered transparency problems in software projects. The responses also showed that

a majority of our participants were familiar with the term ``transparency"" used in more

than one context.

The main limitation of our survey was that we could not generalise the results to

the entire population involved in the software industry. However, the findings from the

survey helped us to gain insights into how frequently different types of communication

problems might occur in a software project. It also gave us an indication of the types

of communication problems software developers might encounter in a software project.

Furthermore, we identified other attributes such as accuracy that might be important

to communication in a software project. The attributes might also enable or hinder

transparency in software engineering.
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In the evaluation of transparency, we have conducted a controlled experiment as pre-

sented in Chapter 6. The experiment demonstrated the usefulness of transparency by

comparing two types of requirements documents with different degrees of transparency.

The results of the experiment showed that a more transparent document was more ef-

fective than a less transparent document in terms of the time spent by participants, the

correctness of participants' answers, and participants' confidence level in their answers.

There were three limitations of our experiment. Firstly, our experiment was lim-

ited in testing one aspect of software engineering, only requirements engineering. The

findings from the experiment showed that the UCM document was useful for presenting

functional requirements of a software system. Changing the questions could change the

degree of transparency of the requirements documents. This is because our definition of

transparency depended on the stakeholders' ability to answer their questions using the

received information. For example, if we asked participants to find non-functional require-

ments in the UCM document, the UCM document could become irrelevant to participants

as there was no information on non-functional requirements. Similarly, if we provide a

different software artefact such as a software architecture document to our participants

rather than a requirements document, the software artefact might not be transparent at

all. Our participants might have problems understanding the information presented in

the software artefact. They might also have problems with relevance of information as

the software artefact might contain no information about requirements of the software

system.

Secondly, our experiment was limited in testing whether participants have really

learned what the software system could do. In the experiment, participants were asked

to answer questions directly while reading requirements documents. The aim of the ex-

periment was to test how well the requirements documents were in helping participants

to understand the information presented within a limited amount of time. The focus of

the experiment was not on whether participants learned what they needed to know after

reading the requirements documents.

Lastly, our experiment was limited with respect to the type of participants we re-

cruited. Since the requirements documents were specific to software engineering, the

target audience was limited to stakeholders who have some knowledge about software de-

velopment or experience in the software industry. They also have some experience using

different software artefacts. If non-expert stakeholders such as end users were involved in

our experiment, the results might be different. For example, the UCM document might

be less useful to end users than the ReqSpec document because end users might not know

any notations for use case diagrams.

Although there were limitations in our survey and experiment, we have made progress
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towards a better definition of transparency in software engineering. We have also collected

evidence to support our hypotheses about the usefulness of transparency in software

engineering. In the following section, we discuss how the survey and the experiment

can be improved for any researchers who wish to reuse our survey questionnaire or to

reproduce our experiment.

7.6 Improvements on Survey and Experiment

During the course of the survey, we isolated three improvements that might be needed for

anyone who wished to reuse the questionnaire. Firstly, the demographic questions could

be improved to include more details about the participants. Our demographic questions

relied on participants' self-assessments for their knowledge and experience in software

engineering. It was difficult to divide the participants into distinctive groups from the

responses collected. This in turn made it difficult to observe the differences in the types of

communication problems encountered by different groups of participants. To improve the

survey, questions about participants' years of work experience and the types of software

projects that they were involved in could also be included.

The second improvement was to stress the importance of answering questions in the

survey. We discovered that there were a few missing or incomplete answers from the

responses collected. The results could be affected significantly if we had a large number

of incomplete responses. Therefore, questions where responses were important to address

the research questions could be emphasised in the survey to the participants.

Lastly, another improvement on the survey is related to the wording of the questions.

Some questions were broad and ambiguous such as the wording of Q7 and Q12 in the

questionnaire as discussed in section 5.4.3. To be more specific about communication

problems and transparency in software engineering, we could describe different scenarios

in the questionnaire. This would help participants to focus on particular areas in software

engineering.

For administering the experiment, we suggest two improvements to reproduce the ex-

periment. Firstly, the experiment was limited in measuring how well people understood

the information presented in the requirements documents. We could not assess if partic-

ipants actually understood the information based on their responses. Participants could

copy answers directly from the documents without understanding the content. To improve

this, another session which involves participants in building a prototype of the system to

test their understanding could be held.

Secondly, we found some participants did not read the instructions before starting the
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experiment. We did not require participants to read through the entire documents, but

some did. Moreover, a few of our participants noted down the start time after finishing

reading the documents. This could affect the time spent by our participants. However,

we did not notice any significant impact on the results from the analysis. To improve

the experiment, any ambiguous instructions should be clarified before commencing the

experiment. The experiment could also be divided into three parts with one part of the

experiment given at a time.

7.7 Summary

In this chapter, we discussed the answers to our research questions. Discussion included

interesting points from the exploration and evaluation of the concept of transparency in

software engineering. The interesting points were related to communication problems in

software projects, and factors as well as different attributes that could affect the assess-

ment of transparency in software engineering. We also discussed inferences such as the

usefulness of transparency to improve the software development process from our research

findings. In addition, we discussed the limitations of our research and improvements for

the survey and the experiment. For example, the wording of survey questions and the

procedure for the experiment could be improved to minimise ambiguity.

In the next chapter, we summarise the thesis and contributions of our research. We

also suggest areas for future research and conclude with thoughts about our research.
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8
Conclusion

8.1 Summary

The term ``transparency"" is widely used in software engineering as an important concept.

It appears in much of the software engineering literature with different implications but

without a proper definition of what it actually means. The term ``transparency"" im-

plies the notion of information being visible or open to stakeholders. Paradoxically, it

also implies that the information is not easily seen or noticeable to stakeholders. These

implications of transparency are useful to various aspects of software engineering. In par-

ticular, transparency's implication as visible information is useful to improve communi-

cation among stakeholders during software development. A lack of transparency hinders

communication in software development. However, there is very little investigation of

how transparency's implication of visible information might help software development.

Moreover, it is unclear what transparency is improving or how transparency might be

assessed in software engineering. These questions motivate this researcher to explore the

term ``transparency"" with its implication as visible information in software engineering.

The concept of transparency refers to the implication of making information visible to

stakeholders throughout the thesis.

In this thesis, we argue that the concept of transparency is important in software
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engineering because it is important for stakeholders to easily see information during com-

munication in software development. The concept of transparency will benefit software

developers in communicating information to stakeholders during the software life cycle.

Since the term is not clearly defined in software engineering, we need to first explore

notions of ``transparency"" from different areas. The exploration is the fundamental stage

that defines a clear picture of transparency and its boundaries in software engineering.

We evaluate the usefulness of the concept of transparency after the exploration. There-

fore, this thesis involves the exploration and evaluation of the concept of transparency in

software engineering. In Chapter 4, we discuss the scope of our research approach and

set hypotheses for research question 3 (RQ3).

To gain insights into what transparency should be and how it relates to software

engineering, a literature review on the concept of transparency from different areas is im-

portant. In Chapter 2, we explore how the concept of transparency is defined in philoso-

phy, organisations, business ethics, public participation, and computing. This exploration

reveals three common attributes of transparency useful in software engineering. These

attributes concern the accessibility, understandability, and relevance of information. The

degree of transparency of information depends on the sender who controls the informa-

tion sent to the receiver. It also depends on the time, the means, and receiver's skill to

communicate with the sender.

In Chapter 3, we propose a working definition for transparency in software engineering

based on the common attributes from Chapter 2. We define transparency as the degree to

which stakeholders can answer their questions by using the information they obtain about

a software system during its life cycle. This definition is tentative as a starting place

to help us to observe and interpret transparency's usefulness in software engineering.

We assert that accessibility, understandability, and relevance are important attributes of

transparency. These attributes are important for enabling stakeholders to answer their

questions about a software system.

In Chapter 3, we review existing notions of transparency in the following software

engineering-related areas where the notion of transparency concerns visibility or openness

of information: information privacy; computer ethics; security, trust, and risk manage-

ment; visual notations; agile development; dependable systems; and requirements engi-

neering. The literature review of transparency in software engineering is important for

helping us to see how transparency was defined in existing literature. It is also important

for us to see how our definition related to existing notions of transparency in software

engineering. The literature review reveals a lack of specific characteristics in current

definitions and ways to explicitly assess transparency.

In addition to the literature review, we conduct a survey to collect evidence to answer
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the research question: what is transparency in the software engineering context? The

survey results in Chapter 5 reveal that a majority of our participants frequently or always

encounter transparency problems in software projects. The results also reveal that a

majority of our participants are familiar with the term ``transparency"" used in more

than one context. Moreover, our participants indicate our definition of transparency

is important to communication in software projects. The three attributes are rated as

important or very important to our definition of transparency. The evidence collected

from the survey gives us confidence about our definition of transparency and its relation

with communication in software projects.

At the evaluation stage of transparency, we gather evidence to support our claim

about the usefulness of transparency in software engineering. In Chapter 6, results of an

experiment illustrate the importance of transparency in requirements engineering. The

experiment involves the comparison of the effectiveness of two requirements documents,

ReqSpec and UCM, with different degrees of transparency. From the experimental analy-

sis, we conclude that the UCM document is more effective in presenting the functionality

of a software system than the ReqSpec document because the UCM document is more

transparent than the ReqSpec document. The analysis also reveals that the previous

software experience of our participants does not have a significant impact on participants'

ability to use the requirements documents to answer questions.

In Chapter 6, we also illustrate a preliminary analysis of transparency of the two

requirements documents using a set of questions for determining the accessibility, under-

standability, and relevance of information. Based on the preliminary analysis of trans-

parency, we determine that the UCM document is more transparent than the ReqSpec

document by our definition. The findings from the analysis of the effectiveness of the

requirements documents thus support our hypothesis about a transparent requirements

document being more effective for software developers to answer questions about the re-

quirements of a software system than a non-transparent requirements document. The

results of the experiment demonstrate the usefulness of transparency in presenting func-

tional requirements of a software system to software developers and tertiary students.

The experiment helps us to gain confidence about the value of transparency in one aspect

of software engineering, requirements engineering.

In summary, this thesis explores the concept of transparency and demonstrates trans-

parency's usefulness in software engineering. Our findings suggest that the degree of trans-

parency affects how well a communication channel conveys information to the receiver.

Increasing the degree of transparency in software artefacts would improve stakeholders'

ability to answer questions about a software system. This implies that stakeholders should

obtain information within a reasonable amount of time and be more confident about the
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information with a transparent software artefact. A transparent software artefact would

reduce the number of stakeholders' questions and lead to a more effective assessment of

the software system. It would also reduce the number of communication channels needed

for the sender to convey information to different stakeholders. This in turn would im-

prove the software development process. Therefore, transparency is important to software

engineering for helping stakeholders to see information about a software system. In the

following sections, we summarise the contributions made and present some areas for future

research.

8.2 Contributions

This research results in three major contributions. The first contribution is to explicate

the concept of transparency in software engineering. We explore implications of trans-

parency from different areas such as philosophy and business ethics as well as software

engineering-related areas such as information privacy and agile development. Then we

propose a working definition of transparency in software engineering and discuss our three

attributes of transparency: accessibility, understandability, and relevance. The working

definition and the three attributes of transparency are important to help us observe and

interpret transparency's usefulness in software engineering. The working definition, once

formalised, will help researchers to consolidate ideas relating to transparency in software

engineering. It will also help software practitioners to articulate transparency problems

during the software life cycle.

The second contribution of this thesis is to establish the importance of the concept

of transparency in software engineering. We collect evidence about the concept of trans-

parency and its relation with communication in software projects through the exploratory

survey. This reveals that many communication problems are transparency problems in

software projects. Moreover, we also demonstrate the importance of transparency in re-

quirements engineering through the controlled experiment: a more transparent software

artefact is more effective to receivers of information to answer questions than a less trans-

parent software artefact. This helps us to gain confidence about the value of transparency

in software engineering. This will also encourage researchers and software practitioners

to think explicitly about transparency in software engineering.

The third contribution of this thesis is to start the validation process of our definition

of transparency in software engineering. We start that process through the survey and

the experiment. The survey enables us to evaluate our preliminary definition of trans-

parency and the three attributes of transparency. The experiment enables us to apply
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our definition to analyse the degree of transparency of the requirements documents. The

validation of our definition of transparency will help future researchers to improve what

the concept of transparency should be in software engineering. It will also help future

researchers to improve the structure of a diagnostic framework for software practitioners

to articulate problems in communication during the software life cycle.

8.3 Future Work

We identify several potential areas for investigation from the discussion of our research

findings. Much of the future work concerns our communication model, our definition, and

our three attributes.

In the survey, responses to communication problems are different depending on the

roles in our communication model. It will be interesting to investigate the asymmetry in

the communication problems reported by our participants.

The survey shows that our participants are familiar with the term ``transparency""

in different contexts. However, it is unclear if our participants are also familiar with

the application of existing notions of transparency in practice. An exploration of the

application of existing notions of transparency in software engineering can be carried out.

Such exploration will be useful to identify approaches that apply ``transparency"" in current

practice. Future researchers may apply our definition of transparency to improve existing

approaches. Important questions for the exploration are: Do stakeholders know how

existing notions of transparency can be applied? Are they already applying transparency

in practice?

In both the survey and the experiment, attributes such as accuracy and up-to-date

information are mentioned by our participants as important. It will be interesting to inves-

tigate how other non-transparency attributes affect communication and/or transparency

in software engineering.

In the experiment, our participants comment on different factors that affect the way

they use the requirements documents. For future work on transparency, researchers can

investigate how significant different factors affect accessibility, understandability, and rel-

evance of information. For example, questions such as, ``how do diagrams or pictures

affect transparency?"" can be investigated.

In addition, we have demonstrated the usefulness of transparency in requirements

engineering but not in other aspects of software engineering such as project manage-

ment, software design, software testing, and software maintenance. In future work on

transparency, an investigation into how transparency benefits other aspects of software
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engineering can be conducted.

In this thesis, we assume in our working definition of transparency that receivers

have reasonable expectations for information about a software system. The expectations

depend on receivers' prior knowledge, which in turn affects how receivers perceive infor-

mation presented in a communication channel. Therefore, how prior knowledge affects

receivers' expectations of information can be investigated. Moreover, we also assume that

receivers are reasonable stakeholders who have legitimate questions about a software sys-

tem. In the real world, receivers can misuse the software system by asking questions that

violate the security of the software system. It will be important to investigate the type

of questions that different receivers have and what type of questions senders should or

should not answer. Furthermore, we assume that the sender of information has no mali-

cious intentions. However, this is not always true. The sender can give receivers distorted

or false information about a software system. It will be important to investigate how

distorted or false information affect the degree of transparency in software engineering.

Further to our attributes of transparency, accessibility, understandability, and rele-

vance is future research investigating how each attribute of transparency relates to each

other and how significant each attribute is to transparency. Such an investigation will

improve the concept of transparency in software engineering.

Lastly, to apply the concept of transparency in practice, an investigation into how

transparency can be measured in software engineering will be needed. In this thesis, we

discuss the three attributes of transparency, which could be used as a part of the diagnostic

framework. To measure each attribute, a GQM (goal, question, and metrics) can be used.

Table 6.1 in Chapter 6 shows a preliminary structure of what the GQM might look like.

The table suggests that each attribute of transparency is a goal and the questions are

used to measure each attribute. The GQM as the diagnostic framework will be useful to

software developers to articulate communication problems during the software life cycle.

To improve the diagnostic framework, questions will need to be refined depending on

the purpose of communication during the software life cycle. Furthermore, appropriate

metrics will be required for answering each question in the diagnostic framework.

8.4 Final Thoughts

In this thesis, we explicate the concept of transparency and demonstrate its usefulness

in one aspect of software engineering. The concept of transparency will be beneficial to

software engineering as it will improve communication among stakeholders during the soft-

ware life cycle. If software developers explicitly think about transparency, it is more likely
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that they communicate with other stakeholders successfully during software development.

Moreover, as discussed in Chapter 1, too little transparency hinders communication dur-

ing software development. However, we have not yet explored the case when there is too

much transparency during software development. Too much transparency may incur a

high cost and may hinder the software development process. This is because the sender

of information may need to provide accessible, understandable, and relevant communica-

tion channels that accommodate different types of receivers. This can be costly as expert

and non-expert receivers may require different types of information as well as different

levels of detail about a software system. The next set of questions for research into trans-

parency should be: How do we measure and control the degree of transparency in software

engineering? How much transparency is enough for software development?
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B
Ethics Application for the Exploratory

Survey

1. Completed Research Project Application Form to the University of Auckland Hu-

man Participants Ethics Committee.

2. Participant Information Sheet.

3. Email Invitation Template.
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Reference Number 2010 /__484___ 
 

University of Auckland Human Participants Ethics Committee (UAHPEC)  
 

RESEARCH PROJECT APPLICATION FORM (2010) 
 

DECLARATION FOR ALL SIGNATORIES: 
The information supplied is, to the best of my knowledge and belief, accurate.  I have read 
the current Guiding Principles and Applicants’ Manual 2010

 

. I clearly understand the 
obligations and the rights of the participants, particularly in regard to obtaining freely given 
informed consent.  I have completed and submitted with this application the Application 
Checklist. 

SUPERVISOR:  
 

Name Professor Clark Thomborson 

Postal address Department of Computer Science, The University of Auckland, Private Bag 92019 
Auckland New Zealand 

Email address cthombor@cs.auckland.ac.nz 

Phone number +64 9 373 7599 ext 85753 

Department Department of Computer Science 

Signature  Date  

 
STUDENT (This includes Doctoral, Masters and Honours student): (If applicable) 

 
Name Yu-Cheng Tu 

Postal address Department of Computer Science, The University of Auckland, Private Bag 92019 
Auckland New Zealand 

Email address ytu001@aucklanduni.ac.nz 

Phone number +64 21 0471916 

Department Department of Electrical and Computing Engineering 

Name of degree Doctor of Philosophy in Electrical and Electronic Engineering 

Signature  Date  
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OTHER INVESTIGATORS: (If applicable) 
 
Names Associate Professor Ewan Tempero 

Organisation Department of Computer Science, The University of Auckland 

Is ethical approval being applied for from another institution?  NO 

 
 AUTHORISING SIGNATURES  

 
Name of Head of Department or 
Nominee 

 

Email address  

Signature of Head of Department 
or Nominee 

 Date  

 

Name of Pro Vice Chancellor 
(Māori) / Nominee 

 

Email address  

Signature of Pro Vice Chancellor 
(Māori) / Nominee  
(If applicable) 

 Date  
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APPLICATION CHECKLIST (Please delete whichever is not applicable) 
 
General Information 

Is the application form dated for the current year?  
(Any application not using the current form on the website will be returned.) 

YES  

Have you obtained all the signatures on pages 2 and 3 (wherever applicable)? YES  

Have you addressed the ethical issues on A4?   
(Please note that “Not applicable” is not acceptable.  The Committee will not consider the application if this is not 
answered adequately.) 

YES  

Have you completed all sections? YES  

Have you attached the advertisement? YES  

Have you attached the questionnaire? YES  

Have you attached the list of interview questions? N/A  

Have you attached the transcriber confidentiality agreement? 
(Please refer to the Applicants’ Manual Section 5c for sample format.) 

N/A  

Have you consulted an ethics advisor in preparing the application?  If yes, please provide the name and email 
address.  
 
Name of ethics advisor: ________________________________________________ 
 
Email: ______________________________________________________________ 

 NO 

 
Risk Assessment 

A. Risk of Harm  

 1. Does the research involve situations in which the researcher may be at risk of harm?  NO 

 2. Does the research involve the use of any method, whether anonymous or not, which might 
reasonably be expected to cause discomfort, pain, embarrassment, psychological or spiritual harm 
to the participants? 

 NO 

 3. Does the research involve processes that are potentially disadvantageous to a person or group, 
such as the collection of information which may expose the person/group to discrimination? 

 NO 

 4. Does the research involve collection of information about illegal behaviour(s) which could place the 
researcher or participants at risk of criminal or civil liability or be damaging to their financial 
standing, employability, professional or personal relationships? 

 NO 

* 5. Does the research involve any form of physically invasive procedure on participants, such as the 
collection of blood, body fluids, tissue samples, DNA, human tissue from a tissue bank, exercise or 
dietary regimes or physical examination? 

 NO 

* 6. Does the research involve any intervention administered to the participant, such as drugs, 
medicine (other than in the course of standard medical procedure), placebo, environmental 
conditions, food/drink? 

 NO 

* 7 Does the research involve processes that involve EEG, ECG, MRI, TMS, FMRI, EMG, radiation, 
invasive or surface recordings? 

 NO 

* 8. Is the research considered a clinical trial?  NO 

 9. Does the research involve physical pain beyond mild discomfort?  NO 

B. Informed and Voluntary Consent 

 1. Does the research involve participants giving oral consent rather than written consent? 
(If participants are anonymous the response is “No”). 
 

 NO 

 2. Does the research involve participation of children (seven years old or younger)?  NO 

 3. Does the research involve participation of children under sixteen years of age where parental  NO 
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consent is not being sought? 

 4. Does the research involve participants who are in a dependent situation, such as people with a 
disability, residents of a hospital, nursing home or prison, or patients highly dependent on medical 
care? 

 NO 

* 5. Does the research involve participants who are being asked to comment on employers?  NO 

 6. Does the research involve participants whose capacity to give informed consent is in doubt?  NO 

 7. Does the research use previously collected information or biological samples for which there was 
no explicit consent? 

 NO 

 8. Is any part of the research conducted in University of Auckland class time?  NO 

 9. Does the research involve Focus Groups?  NO 

C. Research conducted overseas 

 1. Will the research be conducted overseas?  NO 

D. Privacy and confidentiality issues 

 1. Does the research involve evaluation of University of Auckland services or organisational practices 
where information of a personal nature may be collected and where participants may be identified? 

 NO 

 2. Does the research involve University of Auckland staff or students where information of a personal 
nature may be collected and where participants may be identified? 

 NO 

 3. Does the research involve matters of commercial sensitivity?  NO 

E. Deception 

 1. Does the research involve deception of the participants, including concealment or covert 
observations? 

 NO 

F. Conflict of interest 

* 1. Does the research involve a conflict of interest or the appearance of a conflict of interest  for the 
researcher (for example, where the researcher is also the lecturer/teacher/treatment 
provider/colleague or employer of the participants, or where there is a power relationship between 
researcher and participants)? 

 NO 

G. Cultural sensitivity 

 1. Does the research have impact on Maori persons as Maori?  NO 

 2. Does the research raise any specific ethnicity or cultural issues on any cultural groups other than 
Maori? 

 NO 

H. Compensation to participants 

 1. Does the research involve payment or other financial inducements other than reasonable 
reimbursement of travel expenses or for time to participants? 

 NO 

I. Procedural 

 1. Does the research involve a requirement imposed by an outside organisation for University of 
Auckland Human Participants Ethics Committee approval, for example a funding organisation or a 
journal, in which the researcher wishes to publish? 

 NO 

If none of the answers to the above Risk Assessment is “Yes” there is likelihood that 
the application will be considered as Low Risk Application.  In this case, it will be 
reviewed immediately and you will hear the outcome within two weeks.  If the 
application is not deemed low risk, it will be automatically put into the next agenda for 
Full Review.   
  
NOTE: The Committee reserves the right to decide whether an application is low risk. 
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Have you included the following information in the Participant Information Sheet?  
(Please note that this is not an exhaustive list.  Please refer to the Applicants’ Manual Sections 2c and 5a for more 
information.) 
On University of Auckland Departmental letterhead YES  

Project title YES  

Researcher name  YES  

Position of staff and /or Degree of the student  YES  

Address by category, e.g. Participant Information Sheet for Manager N/A  

Explain the project in simple language YES  

Actual date/period for withdrawal of data  YES  

Length of time involvement YES  

Source of funding N/A  

State whether audio/videotaping N/A  

Data storage/retention/destruction/future use YES  

Confidentiality statement  YES  

Participation/non-participation statement  
(Please refer to the Applicants’ Manual Section 2c iv) 

YES  

Contact details (This includes the details of the researcher, supervisor, HOD and Chair) YES  

Approval wording YES  

 
Have you included the following information in the Consent Form?  
(Please note that this is not an exhaustive list.  Please refer to the Applicants’ Manual Sections 2d and 5b for more 
information.) 
On University of Auckland Departmental letterhead YES  

Project title YES  

Researcher name  YES  

Address by category, e.g. Consent Form from Manager N/A  

Actual date/period for withdrawal of data  YES  

Length of time involvement YES  

Consent for audio/videotaping N/A  

Data storage/retention/destruction/future use YES  

Confidentiality statement  YES  

Participation/non-participation statement YES  

Participant’s and / or legal guardian’s name, signature and date  N/A  

Approval wording YES  
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SECTION A: 
 

1. Project title 
 
Transparency in software development 

 
2. Aims/objectives of project  

(Describe in plain language that is comprehensible to lay people and free from jargon.) 
 
The main objective of this research project is to formulate a theory of transparency in 
software engineering. We would like to know if the concept of transparency has been 
considered by people involved in software projects and to find any software 
engineering problems that are related to transparency. We also aim to understand 
what transparency means in software engineering and to identify aspects of 
transparency that are important in practice. 
 
To achieve our objectives, we aim to answer the following research questions: 

- Has the concept of transparency been considered in the software industry? 
- What are the problems in software engineering that are related to 

transparency? 
- What is transparency in software engineering? 
- What are the properties of transparency in software engineering? 
- What should be transparent in software engineering? 

 
 

3. Research background 
(Provide sufficient information to place the project in perspective and to allow the significance of the project 
to be assessed.) 
 
The term “transparency” has appeared in different research areas such as government, business, and 
ethics. Transparency in many research areas refers to the quality of a process, or information being easily 
understood or recognised. It is also about making information accessible to stakeholders and enabling 
better decision-making [1]. Moreover, transparency is important for protecting stakeholder interests as 
well as enabling communication with stakeholders [2]. These notions of transparency are important to 
software engineering, because stakeholder communication is one of the key factors to the success of 
software projects. Poor communication between software developers and stakeholders would hinder the 
process for identifying what stakeholders want for the software system [3]. Poor communication would also 
result in misunderstanding of requirements of the software system and inaccurate documentation [4]. 
 
One way to prevent failures in stakeholder communication is to disclose all information relevant to the 
software system. However, this approach is limited. The information disclosed usually contains data of 
every variety, ranging from general system overview to detailed technical matters. The information 
disclosed might become unintelligible to stakeholders who are not experts in the area. The information 
might also become hard to comprehend when there is too much information available. These problems 
often appear in large infrastructure projects that involve public participation. To overcome these problems, 
information about the software system should be made accessible, relevant, and understandable to various 
stakeholders. The concept of transparency is therefore important for resolving these problems. 
 
However, based on our preliminary literature review, we found only a few articles that discussed the ideas 
of transparency in software engineering or related field. It seems that transparency is not a well-known 
concept in software engineering. Therefore in this research project, we plan to study the views of software 
industry on the concept of transparency. We also aim to identify any problems and solutions in practice 
relating to transparency. 
 
References 
[1] R. W. Oliver, What is transparency? McGraw-Hill, 2004. 
 
[2] A. Vaccaro and P. Madsen, “Corporate dynamic transparency: the new ict-driven ethics?” Ethics and 
Inf. Technol., vol. 11, no. 2, pp. 113-122, 2009. 
 
[3] H. Saiedian and R. Dale, “Requirements engineering: making the connection between the software 
developer and customer,” Information and Software Technology, vol. 42, pp. 419-428, 2000. 
 
[4] J. Coughlan and R. D. Macredie, “Effective communication in requirements elicitation: a comparison of 
methodologies,” Requirements Engineering, vol. 7, no.2, pp. 47-60, 2002. 
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4. Identify the ethical issues arising from this project and explain how they can be 
resolved. 
 (For example: confidentiality, anonymity, informed consent, participant’s rights to withdraw, conflict of 
interest, etc.) 
(UAHPEC expects applicants to identify the ethical issues in the project and explain in the documentation 
how they have been resolved.  The application will not be considered if this is not answered adequately.  A 
“Not applicable” response is not acceptable.) 
 
 
Confidentiality: We are unable to make guarantees to confidentiality of the data collected from the 
participants. This is because we will be using a web-based questionnaire for the research project, in which 
we have little control of data privacy on the Internet. There is some small risk of exposing data collected 
from the participants to other parties on the Internet. To mitigate this risk, all data collected will not be 
available on the Internet. Access to the data will be limited to the supervisors and the student of this 
research project. 
  
Anonymity: To help protect participant's privacy on the Internet, we will not collect any information that 
can be used to identify the participants. Moreover, we will not collect information that will identify other 
individuals or organisations that the participants work for. This also helps us to protect anonymity of the 
data collected from the participants. However, there are possibilities that the participants might 
accidentally reveal any personal or organisational information. To reduce the likelihood, participants will be 
made aware of the risks before consenting to participate in the research. We will also ask the participants 
not to provide any identifying information in the responses. We will remove any identifying information 
disclosed from the responses. In addition, the information provided by the participants will be analysed and 
reported anonymously. 

 
Since we will be using a web-based questionnaire for the research, it is possible for us to identify 
participants by their IP addresses. To help protect anonymity of participation, we will not track IP 
addresses of the participants. Moreover, we will not ask the participants for their email addresses or any 
information that directly reveal their identities. 
 
Rights to withdraw: Participant's rights to withdraw data from the research would not be possible, because 
the data is anonymous. We will not be able to identify individual participants and their responses. 
Participants will be made aware that they are unable to withdraw data after submitting the questionnaire in 
the PIS. However, participants are entitled to withdraw from involvement in the research at any time 
before submitting the questionnaire. 
 
Informed consent: Participants will not be required to sign consent forms due to anonymous responses. 
However, we will include a consent page at the beginning of the questionnaire that enables participants to 
indicate if they understand what is involved in the research. We will also note to the participants that by 
submitting the questionnaire indicates that they agree to participate in the research. 
 
 

SECTION B: 
 

1. Who are the participants in the research? 
(Delete those who do not apply) 
 
Adults 
 

 

  

  

 
2. Explain how many organisations, departments within the organisations, and 

individuals you wish to recruit.   
(Attach any letter of support you may have had from an organisation.) 
 
We wish to recruit as many individuals (who are or have been involved in software project) as we can. 

 
3. How will you obtain the names and contacts of participants? 

(If by advertisement or email, attach a copy to the application.  If through an agency holding these details, 
attach a copy of support letter.)  
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Recruitment of participants will occur via email. Email invitations will be sent to potential participants by 
using the student’s (Yu-Cheng Tu) personal contacts. A mailing list of professional software engineers will 
also be used with the permission of the mailing list owner and within the privacy declaration on the mailing 
list. Names and contacts of participants will not be obtained. 
 
 

4. Who will make the initial approach to potential participants? 
(For example: will the owner of the database send out letters?) 
 
The student (Yu-Cheng Tu) will make the initial approach by sending invitation for research participation to 
her personal contacts via email. The student will also ask the owner of the mailing list to forward the email 
for invitation to research participation. 
 

5. Is there any special relationship between participants and researchers? 
 
 NO 

 
6. Are there any potential participants who will be excluded? 

 
 NO 

 
SECTION C:  RESEARCH PROCEDURES 
 

1. Project duration (Dates during which data needs to be collected for this study and requires ethics 
approval.) 
 
 
From ______01/10/2010________ to _______30/09/2012______ 

 
2. Describe the study design. 

(For example: If it is a longitudinal study, explain what a longitudinal study is and provide the details.) 
 
This study is a retrospective study, which involves people from different software projects to look back at 
their experience in software engineering. The study will consist of two main parts. 
 
The first part of the study will ask participants to identify any problems related to information gathering 
and communication that they have encountered in software projects. The second part of the study will be 
asking participants to relate their knowledge and experience in software engineering with the concept of 
transparency. The study will also ask participants a few general questions about their roles in software 
projects as well as their level of knowledge and experience in software engineering. 
 
 

3. List all the methods used for obtaining information. 
(Delete those that do not apply) 
 
Questionnaires (attach questionnaire)  

  

 

 
4. Who will carry out the research procedures? 

 
 
The student (Yu-Cheng Tu). 

 
5. a) Where will the research procedures take place? 
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     (Physical location/setting) 
 
The research procedures will take place using web-based questionnaire. 

 
b) If the study is based overseas, which countries are involved? 
     (Provide local contact information on the PIS.) 
 
N/A 

 
c) If the study is based overseas, explain what special circumstances arise and how 

they will be dealt with?  Explain if there are any special requirements of the 
country (e.g. research visa) and/or the community with which the research will be 
carried out? 

 
N/A 

 
6. If the questionnaire is web-based, explain how anonymity can be preserved. 

(Indicate this on the PIS.) 
 
To help protect the anonymity of participation, IP addresses will not be tracked or saved in the 
questionnaire. Moreover, we will not ask for any information such as email addresses that can lead to the 
identification of the participants in the questionnaire. We will remove any personal or organisational 
information revealed from participants' responses. In addition, the results will be assessed and reported 
anonymously. 
 
 

7. How much time will participants need to give to the research? 
(Indicate this on the PIS.) 
 
Approximately 30 minutes. 

 
8. Will information on the participants be obtained from third parties?  

 
 NO 

  
9. Will any identifiable information on the participants be given to third parties? 

 
 NO 

 
10. Are you intending to conduct the research in University of Auckland class time? 

 
 NO 

 
11. Is deception involved at any stage of the research? 

 
 NO 

 
12. Is there any koha, compensation or reimbursement of expenses to be made to 

participants? 
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 NO 

 
13. a) Does the research involve the administration of any substance to participants? 

 
 NO 

 
b) Does this research involve potentially hazardous substances? 
 
 NO 

 
 

SECTION D: INFORMATION AND CONSENT  
 

1. By whom and how will information about the research be given to participants? 
(For example: in writing or verbally – a copy of information to be given to prospective participants in the 
form of a PIS must be attached to this application.) 
 
The student (Yu-Cheng Tu) will attach the PIS when sending invitation emails to prospective participants. 
There will be a consent page at the beginning of the questionnaire. 

 
2. a) Will the participants have difficulty giving informed consent on their own behalf? 

(Consider physical or mental condition, age, language, legal status, or other barriers.) 
 
 NO 

 
b) If participants are not competent to give fully informed consent, who will consent 

on their behalf? 
(For example: parents/guardians) 
 

N/A 

 
3. a) If a questionnaire is used, will the participants have difficulty completing the 

questionnaire on their own behalf? 
(Consider physical or mental condition, age, language, legal status, or other barriers.) 

 
 NO 

 
b) If participants are not competent to complete the questionnaire, who will act on 

their behalf? 
(For example: parents/guardians) 
 

N/A 

 
4. Is informed consent obtained in writing? 

 
 NO (Explain, justify and indicate in the PIS.) 

Because we will be collecting anonymous responses which require completed questionnaire as 
evidence of informed consent. 

 
5. Is access to the Consent Forms restricted to the Principal Investigator and/or the 

researcher? 
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YES   

 
6. Will Consent Forms be stored by the Principal Investigator, in a locked cabinet, on 

University premises? 
 
YES   

 
7. Are Consent Forms stored separately from data and kept for six years? 

 
  NO (Explain, justify and indicate in the PIS.) 

Because participants will not be required to sign consent forms separately. Completed 
questionnaire will be treated as consent forms. 

 
SECTION E:  STORAGE AND USE OF RESULTS 
 

1. Will the participants be audio-taped, video-taped, or recorded by any other electronic 
means such as Digital Voice Recorders?   
(Explain in the PIS and CF.  Consider whether recording is an optional or necessary part of the research 
design, and reflect this in the CF.) 
 
 
 

NO 

 
2. a) Will the recording be transcribed or translated? 

 
 NO   

 
b) Who will be transcribing the recordings?  

(If someone other than the researcher is the transcriber, attach a copy of the Confidentiality Agreement 
and indicate in the PIS and CF.) 
 

RESEARCHER OTHER (Explain)  
 

 
c) If recordings are made, will participants be offered the opportunity to edit the 

transcripts of the recordings? 
  
 
YES (Explain in the PIS and CF.  Where participants are asked to make a choice, this 
should be shown in the CF.) 

NO 

 
d) Will participants be offered their tapes or files of their recording (or a copy 

thereof)? 
  
YES (Explain in the PIS and CF.  Where participants are asked to make a choice, this 
should be shown in the CF.) 
 

NO 

 
3. If a questionnaire is used, please explain if there is any coding.   

 
 NO 

 
4. a) Explain how and how long the data (including audio-tapes, video-tapes, digital 

voice recorder, and electronic data) will be stored. 
(Indicate this in the PIS.  The period data is to be kept will be commensurate to the scale of its research.  
For peer reviewed publication that might be further developed, the University expects six years.) 

N/A 

N/A 

N/A 
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All data provided by the participants will not be made available on the Internet. Data will be used and 
stored until the completion of the PhD research of the student. 
 
 
b) Explain how data will be used. 

(Indicate this in the PIS.) 
 
Data will be analysed and reported anonymously for the PhD research of the student 
(Yu-Cheng Tu). Findings of this research will be reported in the student's PhD thesis. 
Data may also be used in conference papers for reporting the findings of this 
research project. 
 
 
c) Explain how data will be destroyed. 

(Indicate this in the PIS.) 
 
All data provided by the participants will be deleted after the completion of the PhD 
research of the student. 
 
 

5.  Describe any arrangements to make results available to participants. 
(Explain this in the PIS.) 
 
The raw data will not be made available to participants and the participants will not be able to withdraw 
any information that they had provided after submitting the questionnaire. However, participants are able 
to withdraw from the involvement in the research at any time before submitting the questionnaire. A 
summary of the research findings will be made available online. 
 
 

6. a) Are you going to use the names of the research participants in any publication or 
report about the research? 

(The PIS must inform the participants, and be part of the consent obtained in the CF.) 
 
 NO 

 
b) If you don’t use their names, is there any possibility that individuals or groups 

could be identified in the final publication or report? 
(This is a problem either when one is dealing with a small group of participants known to a wider public 
or when there is to be a report back to participants likely to know each other.) 

 
 NO 

 
SECTION F:  TREATY OF WAITANGI 
 

1. Does the proposed research have impact on Māori persons as Māori? 
 
 NO (Go to 

Section G.) 

 
2. Explain how the intended research process is consistent with the provisions of the 

Treaty of Waitangi. 
(Refer to the Applicants’ Manual 2010 for further information.) 
 
 

 
3. Identify the group(s) with whom consultation has taken place, describe the 

consultation process, and attach evidence of the support of the group(s). 
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4. Describe any on-going involvement the group(s) consulted has/have in the project. 

 
 

 
5. Describe how information will be disseminated to participants and the group 

consulted at the end of the project. 
 

 

 
SECTION G: OTHER CULTURAL ISSUES 
 

1. Are there any aspects of the research that might raise any specific cultural issues? 
 
 NO  (Go to 

Section H) 

 
2. What ethnic or cultural group(s) does/do the research involve? 

 
 

 
3. Identify the group(s) with whom consultation has taken place, describe the 

consultation process, and attach evidence of the support of the group(s). 
 
 

 
4. Describe any on-going involvement the group(s) consulted has/have in the project. 

 

 

5. Describe how information will be disseminated to participants and the group(s) 
consulted at the end of the project. 

 

 

SECTION H:  CLINICAL TRIALS 

1. Is this project a Clinical Trial? 
 
 NO  (Go to 

Section I) 

 
2. Is this project initiated by a Pharmaceutical Company? 

 
YES NO 
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3. Are there other NZ or International Centres involved? 
 
YES NO 

 
4. Is there a clear statement about indemnity? 

 
YES NO 

 
5. Is Standing Committee on Therapeutic Trials (SCOTT) approval required? 

 
YES (Attach) NO 

 
6. Is National Radiation Laboratory approval required? 

 
YES (Attach) NO 

 
7. Is Gene Therapy Advisory Committee on Assisted Human Reproduction (NACHDSE) 

approval required? 
 
YES (Attach) NO 

 
SECTION I:  RISKS AND BENEFITS 
 

1. What are the possible benefits to research participants of taking part in the research? 
 
There is no direct benefit to the participants taking part in this research. However, a 
summary of the research findings will be made available online. 
 
There will be benefits to the software engineering community. The results of this 
research will help researchers to understand how the software industry views the 
concept of transparency. The results will also help the researchers to formulate a 
definition of transparency for software engineering. Moreover, the results will benefit 
the software industry by making transparency problems explicit in software practice. 
This will help the software industry to improve the quality of the software 
engineering process as well as the information provided to people involved in 
software projects. 
 
 

2. What are the possible risks to research participants of taking part in the research? 
(Make sure that you have clearly identified/explained these risks in the PIS and CF(s).) 
 
Because of the use of web-based questionnaire, there is a small likelihood that the data provided by 
participants might be exposed to other parties on the Internet. To minimise the likelihood, we will not 
make the data publicly available on the Internet. Access to the data will be limited to the supervisors and 
student of this research project. 
 
Since there is a small likelihood that the data might be exposed to other parties on the Internet, there will 
be some small risk to the privacy of the participants. Participants might reveal their identities or the 
organisations that they work for in the responses. This might also put the participants at risks of losing 
their jobs if the responses contain information that might damage the reputation of organisations. To 
mitigate the risks, we will not ask for any information that can be used to identify the participants. We will 
not collect any information that will identify other individuals or organisations that the participants work 
for. Moreover, we will not track the IP addresses of the participants. However, it is possible that the 
participants might accidentally reveal any personal or organisational information. To reduce the likelihood, 
participants will be made aware of the risks before consenting to participate in the research. We will also 
ask the participants not to give any identifying information in their responses. We will remove any personal 
or organisational information disclosed. In addition, the results will be analysed and reported anonymously. 
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3. a) Are the participants likely to experience discomfort (physical, psychological, 

social) or incapacity as a result of the procedures? 
 
 NO 

 
b)  What other risks are there? 
 
N/A 

 
c) What qualified personnel will be available to deal with adverse consequences or 

physical or psychological risks? 
(Explain in the PIS.) 
 

N/A 

 
SECTION J:  FUNDING 
 

1. Have you applied for, or received funding for this project? 
 
 NO  (Proceed 

to Section K) 

 
2. From which funding bodies?  (Quote the contract reference number.)  

 
 

 
3. Is this a UniServices project? 

 
YES (Quote the contract reference number.) NO   

 
4. Explain investigator’s financial interest, if any, in the outcome of the project. 

 
 

 
5. Do you see any conflict of interest between the interests of the researcher, the 

participants or the funding body? 
 
YES (Explain.) NO 

 
SECTION K:  HUMAN REMAINS, TISSUE AND BODY FLUIDS 
 

1.  Are human remains, tissue, or body fluids being used in this research? 
 
 NO (Go to Section 

L.) 

 
2. How will the material be taken? 

(For example: at operation, urine samples, archaeological digs, autopsy.) 
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3. Is the material being taken at autopsy? 

 
YES NO 

 
4. Is material derived or recovered from archaeological excavation? 

 
YES (Explain how the wishes of Iwi and Hapū (descent groups), or similar interested 

persons, or groups, have been respected?) 
NO 

 
5. Will specimens be retained for possible future use? 

 
YES (Explain and state this in the PIS.) NO   

 
a) Where will the material be stored? 

 
 

 
b) How long will it be stored for? 

 
 

 
6.  a) Will material remain after the research process? 
 

YES (Explain and state this in the PIS.)   NO 

 
c) How will material be disposed of? 

(Explain how the wishes with regard to the disposal of human remains of the whanau (extended 
family) of similar interested persons will be respected.) 
 

 

 
d) Will material be disposed of in consultation with relevant cultural groups? 
 
YES (Explain and state this in the PIS.) NO   

 
7. Is blood being collected? 
 

YES (Complete this section and state in the PIS.) NO   

 
a) What is the volume at each collection? 

 
 

 
b) How frequent are the collections? 
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c) Who is collecting it? 

 
 

 
d) Explain how long it will be kept and how it will be stored. 

 

 
e) Explain how it will be disposed of. 

 
 

 
 

SECTION L:  OTHER INFORMATION 
 

1. Have you made any other related applications? 
 
 NO   

 
2. If there is relevant information from past applications or interaction with UAHPEC, 

please indicate and attach. 
 
N/A 

 
3. Are there any other matters you would like to raise that will help the Committee 

review your application? 
 
 NO 

 
 
 

--- END OF APPLICATION FORM --- 
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Department of Electrical and Computing Engineering 

The University of Auckland 
Private Bag 92019 

Auckland, New Zealand 
Phone: +64 9 373 7599 ext 88158 

 
Participant Information Sheet 

 

Project title: Transparency in software development 

 

Researchers: Yu‐Cheng Tu / Professor Clark Thomborson / Associate Professor Ewan Tempero 

 

To: potential participant 

 

This research is being undertaken as a part of a PhD degree at the Department of Electrical and 

Computing Engineering, University of Auckland by Yu‐Cheng Tu. The purpose of this research is to study 

the views of people involved in software projects on the concept of transparency. This research also 

aims to study how people gather information and communicate in software projects, and to identify any 

relevant issues that arise from information gathering and communication in software projects. 

 

Anyone who is directly or indirectly involved in software projects is invited to participate in this 

research. Participation in this research project is voluntary, and you may choose not to participate. 

 

Our research involves the use of an online questionnaire, which will take approximately 30 minutes to 

complete. The questionnaire will consist of two main parts. In the first part of the questionnaire, you will 

be asked about how you gather information and communicate with other people in software projects. 

You will also be asked about the problems that you or other people have encountered in software 

projects. In the second part, you will be asked some questions about the concept of transparency and 

how important it is to software engineering. 

 

The data that you provide will be used for the PhD research of the student (Yu‐Cheng Tu). Data may also 

be used to report findings of this research in conference papers. Findings of this research will be 

reported in the student’s PhD thesis. All data collected in this research will remain anonymous. Any 

identifying information such as your name, email and IP address will not be collected. Data will not be 

made publicly available on the Internet. They will only be available to the researchers of this research 

project, and will be stored until the completion of the PhD research of the student. 

 

If you decide to participate in this research, you have the right to withdraw from participation at any 

time before the point of submitting the questionnaire. However, due to the nature of anonymous 
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responses, you are unable to withdraw data provided by you from the research after the point of 

submitting the questionnaire. 

 

We will do our best to keep your information confidential. Please note that there is always some small 

risk of exposing data on the Internet, in which your privacy might be breached. To help protect your 

privacy, you will not be asked to provide any information that will personally identify you. In addition, 

we also ask you not to provide any information in your responses that could lead to the identification of 

individuals or organisations. This is to help protect you and your organisation from harm. However, if 

you accidentally or mistakenly revealed any personal or organisational information in your responses, 

this information will be removed. The information that you provide will be analysed and reported 

anonymously. 

 

If you are willing to participate, please complete the online questionnaire at 

http://www.cs.auckland.ac.nz/research/groups/ssg/homepages/yu‐cheng/questionnaire.html. You will 

not be asked to sign a consent form. However, there will be an electronic consent at the beginning of 

the online questionnaire. Please note that by submitting the online questionnaire indicates that you 

agree to take part in this research. 

 

A summary of the research findings will be made available online at 

http://www.cs.auckland.ac.nz/research/groups/ssg/homepages/yu‐cheng/summary.html after the 

completion of this research project. If you have any questions about the research, please contact us. 

Contact details are provided below. 

 

Contacts 

Professor Allan Williamson (Head of Department, Department of Electrical and Computing Engineering) 

  Phone: +64 9 373 7599 ext 87922 

  Email: ag.williamson@auckland.ac.nz 

 

Professor Clark Thomborson (Supervisor, Department of Computer Science) 

  Phone: +64 9 373 7599 ext 85753 

  Email: cthombor@cs.auckland.ac.nz 

 

Associate Professor Ewan Tempero (Supervisor, Department of Computer Science) 

  Phone: +64 9 373 7599 ext 83765 

  Email: e.tempero@cs.auckland.ac.nz 

 

Yu‐Cheng Tu (PhD student) 

  Phone: +64 21 0471916 

  Email: ytu001@aucklanduni.ac.nz 
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For any queries regarding ethical concerns you may contact the Chair, The University of Auckland 

Human Participants Ethics committee, The University of Auckland, Office of the Vice Chancellor, Private 

Bag 92019, Auckland 1142. Telephone 09 373‐7599 extn. 83711. 
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Email invitation to participate in the research. 
 
Subject: Invitation to participate in a PhD research project at the University of Auckland 
 
Hi, 
 
My name is Yu-Cheng Tu, and I am a PhD student at the University of Auckland. I would like to invite 
anyone who is directly or indirectly involved in software projects to take part in my research. The 
purpose of my research is to study what the concept of transparency means to the people involved 
in software projects. I am also aiming to study how people gather information and communicate in 
software projects. 
 
The research involves the use of an online questionnaire, which will take approximately 30 minutes 
to complete. In the questionnaire, you will be asked some questions about your experience in 
software projects and your knowledge about the concept of transparency. 
 
Your participation in this research is voluntary. You may choose not to participate. However, your 
participation and feedback will be of great value to my research. The results will help my research in 
understanding how the software industry views the concept of transparency as well as formulating a 
definition of transparency in software engineering. This in turn will help to improve the quality of the 
software engineering process.  
 
Attached is a copy of the Participant Information Sheet, which describes this research in detail. 
Please read it carefully. If you are willing to participate, please complete the online questionnaire at 
http://www.cs.auckland.ac.nz/research/groups/ssg/homepages/yu-cheng/questionnaire.html. 
 
A summary of the research findings will be made available online at 
http://www.cs.auckland.ac.nz/research/groups/ssg/homepages/yu-cheng/summary.html after the 
completion of this research project. If you have any questions about the research, you can contact 
me at ytu001@aucklanduni.ac.nz. Contact details are also provided in the Participant Information 
Sheet. 
 
Thank you for considering this request. 
 
Sincerely, 
Yu-Cheng Tu 
 
PhD Student 
Department of Electrical and Computing Engineering 
University of Auckland 
Supervisors: Prof. Clark Thomborson, Assoc. Prof. Ewan Tempero (Department of Computer Science) 
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Transparency in software developmentTransparency in software developmentTransparency in software developmentTransparency in software development

Project title: Transparency in software development

Researchers: Yu-Cheng Tu / Professor Clark Thomborson / Associate Professor Ewan Tempero

I have read the Participant Information Sheet, have understood the nature of the research and why I have been 
selected. I have had the opportunity to ask questions and have them answered to my satisfaction.

- I agree to take part in this research.

- I understand that participation in this research project is voluntary.

- I understand that I am free to withdraw participation at any time before the point of submitting the questionnaire.

- I understand that I will not be able to withdraw any data provided by me after the point of submitting the 
questionnaire.

- I understand that the online questionnaire will take approximately 30 minutes.

- I understand that my responses will remain anonymous and any identifying information such as name, email 
address, and IP address will not be collected.

- I understand the risks of losing data privacy when using an online questionnaire.

- I understand that data will be stored and used for the PhD research of the student (Yu-Cheng Tu) until the 
completion of the PhD research.

ELECTRONIC CONSENT: please select your choice below.
Click on the "agree" button below indicates that:
- You are aged 16 years or older, and
- You have read the above information, and
- You understand that, by submitting this questionnaire electronically you agree to 
take part in this research.

If you do not wish to participate in the research project, please decline by clicking on 
the "disagree" button.

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 30 September 2010 FOR 3 YEARS, 
REFERENCE NUMBER 2010/484

1. Participants Consent Form

*

agree

disagree
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There are 28 questions in this questionnaire, and it is not compulsory to fill in any questions you do not wish to. To progress through this 
questionnaire, please use the following navigation buttons:

● Click the "Next" button to continue to the next page.
● Click the "Prev" button to return to the previous page.
● Click "Exit this questionnaire" if you wish to exit.
● Click the "Submit" button (on the last page) to complete the questionnaire and exit.

Please note that when the "Next" button is clicked any responses made on the page will be saved.

Please click the "Submit" button (on the last page) to complete the questionnaire. Any responses made without clicking the "Submit" 
button will be treated as withdrawing from participating in the research.

For more information about the web-based survey host, please see SurveyMonkey at http://www.surveymonkey.com/, and it's Privacy Policy
and Security Statement.

199



Transparency in software developmentTransparency in software developmentTransparency in software developmentTransparency in software development

1. What aspects of the software project are you involved in? (Select all that apply)

2. What roles do you generally have in the software project? (Select all that apply)

3. How well do you believe that your knowledge or experience is in...

2. Demographics

 Very good Good Average Poor Very poor

The software project?     

Requirements engineering?     
Communicating with different stakeholders? (A stakeholder can be 
anyone who is involved in the software project, e.g. users, market 
analysts, regulators, software engineers)

    

Software engineering?     

Software requirements

Software design

Software development

Software testing

Software maintenance

Software configuration management

Project management

Quality management

Other (please specify)





Requirements engineer

Developer

Architect

Project manager

User / user representative

Client

Regulator

Other (please specify)
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4. What type of information do you look for in the software project? (Select the three 
most important)

5. How do you get to know the information in the software project?
For each statement below, choose 'Always' if the statement is true more than 90% of 
the time, 'Frequently' if it is true 50%-90% of the time, 'Seldom' if it is true less than 
50% of the time and 'Never' if the statement is not true.

3. Gathering information and communication in software projects

 Always Frequently Seldom Never

I consult comprehensive documentation.    

I consult informal documentation.    

I learn about the information at planning meetings.    
I learn about the information by informal discussions with other members of my 
organisation.

   

I learn about the information by informal discussions with clients.    

I innovate based on my knowledge of the problem domain.    

I am given the information that I need.    

I have to search for the information that I need.    

I have to interpret the documentation I consult.    

Business objectives

User requirements

System specification

Software architecture

Design rationale

Bug report

User manual

Cost analysis

Risk analysis

Market research

Other (please specify)





Other (please describe)
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6. How well do you think the following ways are in helping you to know the 
information in the software project?

7. What problems do you encounter when trying to know the information in the 
software project?
For each problem below, choose 'Always' if you encounter the problem more than 
90% of the time, 'Frequently' if you encounter the problem 50%-90% of the time, 
'Seldom' if you encounter the problem less than 50% of the time and 'Never' if you 
never encounter the problem.

 
Very
good

Good Satisfactory Poor
Very
poor

N/A

I consult comprehensive documentation.      

I consult informal documentation.      

I learn about the information at planning meetings.      
I learn about the information by informal discussions with other members of my 
organisation.

     

I learn about the information by informal discussions with clients.      

I innovate based on my knowledge of the problem domain.      

I am given the information that I need.      

I have to search for the information that I need.      

I have to interpret the documentation I consult.      

 Always Frequently Seldom Never

There are too many managers and clients to deal with.    

The information is difficult to understand.    

I don't know what information to look for in the software project.    

I can't find the information or it is difficult to obtain the information that I need.    

The information contains errors.    

The given information is not what I need.    

Other (please comment on how well you think other ways are in helping you)





Other (please describe)
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8. What type of stakeholder do you generally communicate with in the software 
project?
A stakeholder can be anyone who is involved in the software project, e.g. users, 
market analysts, software engineers.
(Select the three most important)

9. What type of information about the software project do you convey to other 
stakeholders?
A stakeholder can be anyone who is involved in the software project, e.g. users, 
market analysts, software engineers.
(Select the three most used)

Requirements engineer

Developer

Architect

Project manager

User / user representative

Client

Regulator

Other (please specify)





Business objectives

User requirements

System specification

Software architecture

Design rationale

Bug report

User manual

Cost analysis

Risk analysis

Market research

Other (please specify)
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10. How do you communicate with other stakeholders about the software project?
For each statement below, choose 'Always' if the statement is true more than 90% of 
the time, 'Frequently' if it is true 50%-90% of the time, 'Seldom' if it is true less than 
50% of the time and 'Never' if the statement is not true.

11. How well do you think the following ways are in helping you to communicate with 
other stakeholders?

 Always Frequently Seldom Never

I ask other stakeholders to consult comprehensive documentation.    

I ask other stakeholders to consult informal documentation.    

I give the information to other stakeholders at planning meetings.    
I give information about the project by informal discussions with other members of 
my organisation.

   

I give information about the project by informal discussions with clients.    

I don't communicate with other stakeholders.    

 
Very
good

Good Satisfactory Poor
Very
poor

N/A

I ask other stakeholders to consult comprehensive documentation.      

I ask other stakeholders to consult informal documentation.      

I give the information to other stakeholders at planning meetings.      
I give information about the project by informal discussions with other members of my 
organisation.

     

I give information about the project by informal discussions with clients.      

I don't communicate with other stakeholders.      

Other (please descirbe)





Other (please comment on how well you think other ways are in helping you)
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12. What problems do you encounter when you communicate with other 
stakeholders?
For each problem below, choose 'Always' if you encounter the problem more than 
90% of the time, 'Frequently' if you encounter the problem 50%-90% of the time, 
'Seldom' if you encounter the problem less than 50% of the time and 'Never' if you 
never encounter the problem.

13. What techniques do you use to help you in overcoming the problems 
encountered during communication with other stakeholders?
For each statement below, choose 'Always' if you use the technique more than 90% 
of the time, 'Frequently' if you use the technique 50%-90% of the time, 'Seldom' if you 
use the technique less than 50% of the time and 'Never' if you never use the 
technique.

 Always Frequently Seldom Never

There are too many managers and clients to deal with.    

The information is difficult to understand for other stakeholders.    

I don't know what information to give to other stakeholders.    
Other stakeholders can't find the information or it is difficult to obtain the 
information.

   

The information contains errors.    

The information given to the stakeholders is not what they need.    

 Always Frequently Seldom Never

Use of prototypes.    

Use of diagrams, e.g. use case diagrams.    

Use of formal methods, e.g. formal notations such as Z.    

Have regular meetings/discussions with other stakeholders.    
Have a communication channel that allows for continuous feedback, e.g. use of 
emails.

   

Other (please describe)





Other (please describe other techniques you used).
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14. How effective are the techniques in helping you to overcome the problems 
encountered during communication with other stakeholders?

 
Very
good

Good Satisfactory Poor
Very
poor

N/A

Use of prototypes.      

Use of diagrams, e.g. use case diagrams.      

Use of formal methods, e.g. formal notations such as Z.      

Have regular meetings/discussions with other stakeholders.      
Have a communication channel that allows for continuous feedback, e.g. use of 
emails.

     

Other (please comment on how effective other techniques are)
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15. Are you familiar with the term "transparency" used in the context of...? (Select all 
that apply)

We define transparency in software engineering as:
Enabling stakeholders to answer their questions about the software project.

A stakeholder can be anyone involved in the software project, e.g. users, market analysts, software engineers.

16. Has this concept of transparency been considered in software engineering?

17. Do you think this concept of transparency is important for...? (Select all that 
apply)

4. Transparency in software engineering

I am not familiar with the term "transparency" used in any context.

Philosophy (e.g. referential transparency, epistemic transparency).

Government, business, and ethics (e.g. transparency implies openness, and accountability of organisations).

Public participation (e.g. principle of making participation process and its outcome clear to the public).

Computing (e.g. network property that makes users unaware that they are interacting with the network).

Other (please describe)





Yes

No

Don't know

Helping you to know about the software project.

Helping you to communicate with other stakeholders.

Other (please describe)





207



Transparency in software developmentTransparency in software developmentTransparency in software developmentTransparency in software development
18. Are there any other terms used in software engineering to describe this concept 
of transparency?

19. To whom do you think this concept of transparency is required? (Select all that 
apply)

20. Which of the following problems that you encountered when trying to know the 
information in the software project do you think are related to this concept of 
transparency?
(Select all that apply)

Yes

No

Don't know

If yes, please specify the terms used.





Requirements engineer

Developer

Architect

Project manager

User / user representative

Client

Regulator

Other (please specify)





There are too many managers and clients to deal with.

The information is difficult to understand.

I don't know what information to look for in the software project.

I can't find the information or it is difficult to obtain the information that I need.

The information contains errors.

The given information is not what I need.

Other (please describe)
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21. Which of the following problems that you encountered when communicating with 
other stakeholders do you think are related to this concept of transparency?
(Select all that apply)

22. Are there other problems in software engineering that you think are related to this 
concept of transparency?

There are too many managers and clients to deal with.

The information is difficult to understand for other stakeholders.

I don't know what information to give to other stakeholders.

Other stakeholders can't find the information or it is difficult to obtain the information.

The information contains errors.

The information given to the stakeholders is not what they need.

Other (please describe)





Yes

No

Don't know

If yes, please describe the problems.
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We define transparency in software engineering as:
Enabling stakeholders to answer their questions about the software project.

A stakeholder can be anyone involved in the software project, e.g. users, market analysts, software engineers.

We believe that in order to achieve this concept of transparency, the information presented in 
software projects should have the following attributes:

● Accessibility. Information is accessible when it can be obtained easily.
● Relevance. Information is relevant when it is appropriate to the expectations of the 

stakeholders.
● Understandability. Information is understandable when it can be perceived by any 

stakeholders with reasonable knowledge.

23. How important do you think the attributes that we describe are to this concept of 
transparency in software engineering?

24. Are there other attributes that you think will be important to this concept of 
transparency?

 Very important Important Neutral Not important
Not related to 
transparency

Accessibility     

Relevance     

Understandability     

Yes

No

Don't know

If yes, please describe the attributes.
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25. In order to achieve this concept of transparency, what type of information in the 
software project do you think needs to be accessible, relevant and understandable?
(Select the three most important)

26. How effective do you think the following techniques will help in making information...to stakeholders?

a) Accessible. The information is accessible when stakeholders are able to obtain the information easily.
b) Relevant. The information is relevant when the information obtained is appropriate to the expectations of the stakeholders.
c) Understandable. The information is understandable when stakeholders, with reasonable knowledge, are able to perceive the 
information.

Use of prototypes.

Use of diagrams, e.g. use case diagrams.

Use of formal methods, e.g. formal notations such as Z.

Have regular meetings/discussions with other stakeholders.

 Very good Good Satisfactory Poor Very poor N/A

a) Accessible      

b) Relevant      

c) Understandable      

 Very good Good Satisfactory Poor Very poor N/A

a) Accessible      

b) Relevant      

c) Understandable      

 Very good Good Satisfactory Poor Very poor N/A

a) Accessible      

b) Relevant      

c) Understandable      

 Very good Good Satisfactory Poor Very poor N/A

a) Accessible      

b) Relevant      

c) Understandable      

Business objectives

User requirements

System specification

Software architecture

Design rationale

Bug report

User manual

Cost analysis

Risk analysis

Market research

Other (please specify)
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Have a communication channel that allows for continuous feedback, e.g. use of 
emails.

Other (please comment on what and how effective other techniques are).

Overall comments

27. Please comment on any other problems or concerns that you have regarding the 
concept of transparency.

28. Please comment on any other problems or concerns that you have in general 
regarding software engineering.

 Very good Good Satisfactory Poor Very poor N/A

a) Accessible      

b) Relevant      

c) Understandable      
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Thank you for taking part in this research. We appreciate your time and value your response in the questionnaire.

5. Thank you
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D
Ethics Application for the Controlled

Experiment

1. Completed Research Project Application Form to the University of Auckland Hu-

man Participants Ethics Committee.

2. Participant Information Sheet (Online Questionnaire).

3. Participant Information Sheet (Written Questionnaire).

4. Participants Consent Form (Written Questionnaire).

5. Assurance Letter from Department of Computer Science.

6. Poster.

7. Email Templates.
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RESEARCH/COURSEWORK PROJECT APPLICATION FORM  Ref: ____________ (For office only) 

Prior to completing the application form, please check whether: 
(i) exemption applies (refer the Guiding Principles Section 3e), or  
(ii) the matter needs to be referred to a Regional Ethics Committee or a Multi-Centre Ethics Committee for 
approval (refer the Guiding Principles Section 3c). 

The Guiding Principles for Research and Applicant’s Manual can be found on The University of Auckland 
Human Participants Ethics Committee (UAHPEC) website. 

Please note that the questions in the Research Project and Coursework application form are not exactly the 
same.  Please refer to the Notes below. 

Notes:  
1. On all applications from students (including Doctoral, Masters and Honours students), the Principal 

Investigator should be the appropriate supervisor.  
2. Questions prefixed with an R are applicable to a Research Project only. 
3. Questions prefixed with a C are applicable to a Coursework Application only. 

4. Questions without R or C are applicable to both Research Projects and Coursework Applications. 

5. Questions prefixed with an asterisk (*) are mandatory. 

6. Where an email address is requested, the email address used must be from The University of 
Auckland.  

7. Questions that are answered with a fixed set of choices (like Yes or No) have the possible answers 
separated with a slash (/). Please delete the incorrect answer. 

Please contact the UAHPEC Ethics Administrator at 373 7599 extn: 87830/83761/83711 or e-mail: 
humanethics@auckland.ac.nz if there are any queries on these procedures. 

GENERAL INFORMATION 

* Is this a Research Project or Coursework Application?  Research 

 

SECTION A: PERSONNEL 
*R  A:1 Principal Investigator Name:    

      Department:   

      E-Mail Address: 

      I.D. Number:  

      Signature: 

 

e.tempero@cs.auckland.ac.nz 

 

 

Computer Science 

Ewan Tempero 
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  A:2 Co-Investigator  Name:        
       

E-Mail Address:  

      I.D. Number: 

 

A:3 Student   Name:    

     E-Mail Address:  

I.D. Number:  

      Signature:  

 

 

*C  A:1 Course Coordinator Name:    

      Department:  

E-Mail Address: 

     I.D. Number:       

      Signature:  

 

 

*C  A:2 Course Administrator Name:  

I.D. Number:  

 
  A:4 Ethics Advisor  Name:    

     E-Mail Address:  

I.D. Number: 

Signature:  

 

Clark Thomborson 

c.thomborson@auckland.ac.nz 

 

 

 

Yu-Cheng Tu 

ytu001@aucklanduni.ac.nz 

 

 

 

3350030 

 

 

 

 

 

 

 

217



Page 3 of 27 

 

 

•  A:5 Maori Ethics Advisor  Name:    

     E-Mail Address:  

I.D. Number: 

Signature:  

 

*   A:6 Head of School / Department  

Name:    

     E-Mail Address:  

I.D. Number: 

Signature:  

 

SECTION B: RESEARCH PROCEDURES 
*R  B:1 Project Title   

Comparing the effectiveness of software document types in the presentation of 
functional requirements    

 

*C  B:1 Paper Name & Number   

    

 

*  B:2 Aims/Objectives of Project  

The main objective of this research project is to study the effectiveness of two different 
types of software documents in presenting functional requirements of a software 
system. We would like to know how well the software documents are in helping people 
to find information and to understand the functionality of a software system. In this 
research project, we aim to ask software practitioners as well as tertiary students 
studying in areas related to software engineering to review software documents. 
 
To achieve our objectives, we aim to answer the following research questions: 

• Which software document enables people to find a particular functional 
requirement more easily? 

• Which software document helps people to answer questions about the 

 

 

 

 

Gill Dobbie 

gill@cs.auckland.ac.nz 
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Describe in plain language the purpose, hypothesis/research questions and objectives of the research in 
language that is comprehensible to lay people and free from jargon.  

NOTE: All acronyms must be written out in full the first time they appear in the application, recruiting 
materials, Participant Information Sheet (PIS) and Consent Form (CF). 

 

*R  B:3 Summary of the Project (max 2000 characters) 

In our previous study, we asked people involved in software projects to identify any 
problems related to information gathering and communication that they have 
encountered in software projects. We also asked people about various definitions of 
transparency in different contexts as well as our proposed definition of transparency 
in software development. We found that people were familiar with the concept of 
transparency, but they were not so familiar with its use to software development. 
We believe that, if our definition is formalised in practice, software developers 
would be more successful in communicating with other stakeholders in a software 
project. The information provided by software developers would be more 
accessible, more relevant, and more understandable to stakeholders. Stakeholders 
would be able to assess the information provided by software developers more 
effectively. 
 
To test our belief about transparency in software development, we aim to study the 
effectiveness of the software artefacts used in communicating with stakeholders 
during software development. In particular, we focus on two types of software 
documents used for conveying functional requirements of a software system to 
stakeholders. We would like to compare functional requirements written in 
unstructured natural language with use case models. We hypothesise that use case 
models are more transparent than unstructured natural language. Information 
presented in use case models would be more accessible, more relevant, and more 
understandable to stakeholders. We also hypothesise that use case models are more 
effective in helping stakeholders to review the functionality of a software system. 
 
In this research project, we would like to ask software practitioners and tertiary 
students to review software documents in the form of either unstructured natural 
language or use case models. We aim to test our hypothesis about whether use case 
models are more transparent than unstructured natural language or not. We also 
aim to see which software document takes less time for software practitioners and 
tertiary students to find information about a software system as well as how well 
they answer questions about the functionality of a software system. 
 

functionality of a software system more correctly? 
• Which software document takes less time for people to review the functionality 

of a software system? 
• Can people find any inconsistencies or errors from the software documents? 
• Can people find anything missing from the software documents? 
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Please provide a detailed description of the project and its background which places the project in perspective 
and allows the Committee to assess its significance. 

*R  B:4 Project Duration 

  Start Date:     End Date:    

*  B:5 Describe the study design  

This study is a controlled experiment, which involves participants to review software 
documents in the form of either unstructured natural language requirements or use 
case models. Participants will be asked to answer a set of questions using the 
software documents given to them. The study will consist of the following parts. 
 

• Demographics: In this section, participants will be asked a few general 
questions about their study if they are currently studying. They will be asked 
about the type of software models or modelling languages that they have 
learned during their study. For participants who are working in the software 
industry, they will be asked questions about their roles in software projects, 
years working in the software industry as well as their views on different  
types of software document and models. 

• Part 1 (reviewing functionality of a software system): In this section, 
participants will be asked to read a software document and answer questions 
about the functionality of a software system described in the software 
document. 

• Part 2 (overview of the software document): In this section, participants are 
asked to comment on the quality of the software documents. Participants will 
also be asked to comment on how well they think that they have answered  
The questions in part 1, and how they would improve the given software 
documents for presenting functional requirements of a software system. 

 
 

*  B:6 List all the methods used for obtaining information.  

We will use web-based questionnaires and written questionnaires for the controlled 
experiment. Written questionnaires will be used for participants who will be able to 
physically attend the experiment. If participants are unable to attend the experiment 
session, web-based questionnaire will be used.   
  

     

  Interviews:  No 

  Note: If "yes", please attach the Interview Schedule when submitting your 
application. 

  Focus Groups:  No 

16/05/2012 31/12/2012 
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 Note: If "yes", please attach the Focus Group Questions when submitting your 
application. 

  Questionnaires: Yes 

  Note: If "yes", please attach the Questionnaire when submitting your application. 

  Observations:  No 

  Other:   No 

(If "yes" to Other, please explain)     

 

* B:7 Does the research involve processes that involve EEG, ECG, MRI, TMS, FMRI, EMG, 
radiation, invasive or surface recordings? No 

(If "yes", please explain)     

 

* B:8 Does the research involve processes that are potentially disadvantageous to a person 
or group (for example, the collection of information which may expose the person/group 
to discrimination)? No 

(If "yes", please explain)     

 

* B:9 Who will carry out the research procedures? 

The student (Yu-Cheng Tu).      

 If the research procedures will be carried out by a third party other than the researcher or co-investigators, 
please attach a copy of the confidentiality agreement when submitting your application. 

 

*  B:10a Where will the research procedures take place?  

We will book a private room for participants who are taking part in the written 
questionnaires. For other participants, the research procedures will take place using 
web-based questionnaires. 
 

 Please attach the appropriate Request for Site Access and Consent Form when submitting your application, if 
necessary. 
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*R B:10b Will the research be conducted overseas? No 

(If "yes", please indicate which countries are involved.)    
  

Please provide local contact details as well as those of contacts at the University – all of these should appear in 
the PIS. 

*R B:10c If the study is based overseas, explain what special circumstances arise and how they 
will be dealt with. Include any special requirements of the country (e.g. research visa) 
and/or the community with which the research will be carried out. 

(If study is based overseas, please explain.)      

Please also provide an undertaking to abide by any local laws relating to research, privacy and data collection. 
 

*  B:11a If a questionnaire is used, is the questionnaire web-based? Yes 

  Note: If "yes", please indicate this on the PIS 

*  B:11b If a questionnaire is used, is it an anonymous questionnaire? No 

(If "yes", please explain (and indicate on the PIS) how anonymity will be preserved.)
      

 

*  B:12 How much time will participants need to give to the research? 

(How many minutes/hours over how many weeks/months)   
Approximately 1 hour.    

  Please indicate this on the PIS.  

*R  B:13 Will information on the participants be obtained from third parties? No 

(If "yes", please explain) 

Note: If Yes, please explain (and indicate on the PIS) & attach a copy of the Support Letter 
where necessary when submitting your application. For example: information is to be 
obtained from participant's employer, teacher, doctor, etc. 

*R  B:14 Will any identifiable information on the participants be given to third parties?  

No 
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 (If "yes", please state who and explain)     

Normally identifiable information or recorded interviews cannot be shared with third parties. If this is 
intended it must be clearly documented in the PIS for all concerned. 

* B:15 Does the research involve evaluation of University of Auckland services or  
organisational practices where information of a personal nature may be collected and 
where participants may be identified? No 

(If "yes", please explain and indicate this on the PIS)     

   

* B:16 Does the research involve a conflict of interest or the appearance of a conflict of 
interest for the researcher? No 

(If "yes", please explain and indicate this on the PIS)     

 

*R  B:17 Does the research involve matters of commercial sensitivity? No 

(If "yes", please explain and indicate this on the PIS)     

 

*R B:18 Has the study design or the use of data been influenced by an organisation outside 
The University of Auckland? No 

(If "yes", please explain)     

 

*R B:19 Are you intending to conduct the research in The University of Auckland class  
time? No 

Please attach the approval from the Course Coordinator when submitting your application. 

* B:20 Does the research involve deception of the participants, including concealment or 
covert observations? No  

(If "yes", please justify its use and describe the debriefing procedure on the PIS) 
    

Please attach the debriefing sheet when submitting your application. 
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*R B:21 Is there any koha, compensation or reimbursement of expenses to be made to  
participants? Yes  

(If "yes", please explain the level of payment and indicate in the PIS) 
Participants who participated in the written questionnaire will be rewarded a movie 
voucher as a compensation of their time and effort at the end of the session. 
However, participants who answered the web-based questionnaire will not be 
rewarded. This is due to difficulties in locating where the participants are and 
identifying who have actually answered the web-based questionnaire.   
  

 

*  B:22a Is this an intervention study? No   

(If "yes", please explain and indicate this on the PIS)     

 

*  B:22b Does this research involve potentially hazardous substances? No   

(If "yes", please explain and indicate this on the PIS)     

 

*C  B:23 Will there be participants from outside this class? Yes / No 

(If "yes", please explain who they are and how much time will be required) 
    

 

SECTION C: PARTICIPANTS  
*  C:1 Who are the participants in the research? 

o Adults: Yes 

o Own Colleagues: No 

o Own Students:  Yes 

o Persons whose capacity to give informed consent (other than children) is  
compromised: No 

o Persons who are in a dependent situation, such as people with a disability, 
residents of a hospital, nursing home or prison, or patients highly dependent on 
medical care: No 

o Persons aged less than 16 years old where parental consent is being sought: No 

224 Ethics Application for the Controlled Experiment



Page 10 of 27 

 

o Persons aged less than 16 years old where parental consent is NOT being sought: 
No 

Note: If you answered "yes" to the question (above) on where parental consent is not 
sought for persons aged less than 16 years old, please indicate the age range of the 
persons below and explain in Section D2a & b 

    Less than 7 years old: Yes / No 

    Greater than 7 and less than 16 years old: Yes / No 

    Other: Yes / No 

(If "yes" to Other, please explain) 
 
 

 
 

* C:2 How many organisations and departments within the organisations within or outside 
of the University of Auckland will participate  
in your project?  

5 – 30 organisations/departments within organisations.    

 If you have letters of support, please attach these when submitting your application. 

 

*R C:3 How many individual participants (research participants) will participate in your  
project? _We wish to ask 30 – 100 individuals to participate in our research project._ 

 

* C:4 How will you identify potential participants and by which method are participants 
invited to take part in the research?  

(Please explain) 
Recruitment of participants will occur via email and advertisements. Email 
invitations will be sent to potential participants. Yellow pages and online directory 
will be used to identify potential software organisations. In addition, a mailing list 
of professional software engineers will be used with the permission of the mailing 
list owner and within the privacy declaration on the mailing list. Advertisements in 
the form of posters will be posted on notice boards within the University campus 
and with the permission of the University. People who are interested in the 
research project will be asked to reply to the email address provided in the email 
invitations and advertisements.     
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 Using a direct approach to recruit participants is not recommended. Please see the Applicant’s Manual for 
further information. Please attach the advertisement, media release, or notice, etc and the letter of 
permission from the agency supplying them (if applicable) when submitting your application. 

* C:5 Who will make the initial approach to potential participants?  
Researcher and/or Other 

(If "Researcher and/ or "Other", please specify and explain) 
The researchers will make the initial approach by sending invitation for research 
participation to potential participants via email. Advertisements will be posted on 
the notice boards within the University campus by the student (Yu-Cheng Tu). The 
student will also ask the owner of the mailing list to forward the email for 
invitation to research participation.    
   

 

*  C:6 Will access to participants be gained with consent of any organisation? No 

 (If "yes", please explain)     

If the research is to be conducted in any organisation, such as a business, non-governmental organisation or 
school, a separate PIS needs to be provided for the Chief Executive Officer, Principal or the owner of the 
business (i.e. the effective employer) seeking permission to access the employees as participants. See 
Applicant’s Manual Sections 2c-iv. 

*  C:7 Is there any special relationship between participants and researchers? No 

 (If "yes", please explain) 
     

It will not be appropriate, usually, for the researcher to recruit, members of their own family and friends as 
participants. 

*R C:8 Does the research involve University of Auckland staff or students where  
information of a personal nature may be collected and where participants may be 
identified? No 

(If "yes", please explain and indicate this on the PIS)     

 

* C:9 Does the research involve participants who are being asked to comment on 
employers? No 

(If "yes", please explain and indicate this on the PIS)     

 

*R  C:10 Are there any potential participants who will be excluded? No 
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(If "yes", please explain and state in here the criteria for excluding participants) 
    

 

SECTION D: INFORMATION AND CONSENT 
 

*  D:1 By whom and how will information about the research be given to participants? 

 (Please explain) 
The student (Yu-Cheng Tu) will give the information about the research with the PIS 
by email upon receiving response of interest from prospective participants. 
  

For example: A copy of information to be given to prospective participants in the form of a PIS must be 
attached to this application, whether this is to be given verbally or in writing. 

* D:2a Will the participants have difficulty giving informed consent on their own behalf? 
No 

 Consider physical or mental condition, age, language, legal status, or other barriers. 

* D:2b If participants are not competent to give fully informed consent who will consent on 
their behalf? 

   Parent or Guardian/Caregiver: Yes / No 

   Other: Yes / No 

(If "Other", please specify)     

 

* D:3a If a questionnaire is used, will the participants have difficulty completing the 
questionnaire on their own behalf? No  

Note: If yes, please answer the next question. If no, please skip the next question. 

Consider physical or mental condition, age, language, legal status, or other barriers. 

* D:3b If participants are not competent to complete the questionnaire, who will act on 
their behalf? 

   Parent or Guardian/Caregiver: Yes / No 

   Other: Yes / No 

(If "Other", please specify)     
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* D:4 Does the research involve participants giving oral consent rather than written 
consent? No 

(If "yes", please explain and justify and indicate this on the PIS)   
  

 

* D:5 Does the research use previously collected information or biological samples for 
which there was no explicit consent? No 

(If "yes", please explain)     

 

*R D:6 Is access to the Consent Forms restricted to the Principal Investigator and/or the 
researcher? Yes  

 (If "no", please explain and justify and indicate this on the PIS)   
  

In general, the CF can only be accessed by the PI and the researcher. 

*  D:7 Will Consent Forms be stored by the Principal Investigator, in a secure manner? 

  Yes  

(If "no", please explain and justify and indicate this on the PIS)   
  

In general, the CF has to be stored in a locked cabinet on university premises. 

*R D:8 Are Consent Forms stored separately from data and kept for six years?  
No  

(If "no", please explain and justify and indicate this on the PIS) 
For the web-based questionnaires, participants will not be required to sign consent 
forms separately. Completed questionnaires will be treated as consent forms. 
    

In general, the CF has to be stored separately from other data for six years.  
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SECTION E: STORAGE AND USE OF RESULTS 
* E:1 Will the participants be audio-taped, video-taped, or recorded by any other electronic 

means such as Digital Voice Recorders?  No 

(If "yes", please indicate the types of recordings)     

 Note: If "no", please skip question E2 (a-d). 

If recording is essential to the research, it should be indicated as such in all relevant PISs. The CF should state, 
'I understand that I will be recorded'. 

If recording is optional, this should be explained in the PIS. The CF should state "I agree / do not agree to be 
recorded". It should also state that, 'Even if you agree to being recorded, you may choose to have the recorder 
turned off at any time'. The PIS to Chief Executive Officers, Principals, and Board of Trustees should state 
recordings will be made only with the agreement of those recorded. 

* E:2a Will the recordings be transcribed or translated? No 

 Note: If "yes", please indicate this on the PIS & CF. 

Where any document is to be distributed to participants, it is to be provided for those participants in the 
language that will provide the most readily accessible presentation of adequate information. The UAHPEC 
requires English versions of documents to be submitted with an application. The UAHPEC does not require 
translations to be submitted with the application, but does expect to receive them after approval of the 
application and before they are used. For Languages other than English, see Applicant’s Manual Section 3j.  

* E:2b Who will be transcribing the recordings?  
Researcher / Other / Researcher and/or Other  

    

 (If "Researcher and/or "Other", please explain in PIS & CF who will do the transcription (if not the researcher) 
& how confidentiality of information will be preserved. Please attach Confidentiality Agreement when 
submitting).     

* E:2c If recordings are made, will participants be offered the opportunity to edit the 
transcripts of the recordings? Yes / No 

(Please explain)     

Only those who are recorded should be given the opportunity to review tapes or transcripts. Chief Executive 
Officers, for example, normally should not be given access to recordings made of their employees, nor to 
transcripts of these. If those who have been recorded are permitted to review tapes or transcripts, a clear 
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description should be provided in the PIS of the procedures for doing this. Where participants are asked to 
make a choice, this should be explained in the PIS and CF. 

* E:2d Will participants be offered their tapes or digital files of their recording (or a copy 
thereof)? Yes / No  

(If yes, please explain)     

Indicate in the PIS who will own the recorded data and how the data will be disposed of at the completion of 
the study. Options include, but are not limited to the participants retaining the recording, agreeing that the 
recording be destroyed, or consenting to its storage in a research archive. 

If the data have not been publicly archived, which requires the participant's agreement, storage should be 
accessible by the researcher and supervisor only. Where participants are asked to make a choice, this should 
be explained in the PIS and CF. 

* E:3 For the questionnaire, is any coding scheme used to identify the respondent? No 

(If "yes", please explain) 

 

Explain the coding procedure in the PIS. For example: Questionnaires are numbered 1-999 and a list is 
maintained to link participants with the questionnaire 

 

* E:4a Explain how and how long the data (including audio-tapes, video-tapes, digital voice 
recorder, and electronic data) will be stored. 

All data provided by the participants via web-based questionnaires will be stored 
in electronic devices within the University premises. Written questionnaires will be 
stored in a locked office within the University premises. All data will be used and 
stored for six years. 
     

 Explain in the PIS and CF in what format data will be stored. The period data is to be kept will be 
commensurate to the scale of its research. For peer reviewed publication that might be further developed, the 
University expects six years. See Applicant’s Manual Section 2c-ii and 3n.  

* E:4b Explain how data will be used. 

Data will be analysed and reported anonymously for the PhD research of the 
student. Findings will be reported in the student's PhD thesis and in publications.
     

 Note: Please indicate this on the PIS. 

*R E:4C Explain how data will be destroyed. 
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All electronic data will be deleted from all devices in a secure manner. All paper 
data will be destroyed using a paper shredder and disposed securely.  
   

 Please explain in the PIS & CF in what format, data will be subsequently destroyed. 

*  E:5 Describe any arrangements to make results available to participants. 

The raw data will not be made available to the participants. A summary of the 
research findings will be made available online.     

 Researchers should be aware that there is an ethical dimension to the formulation and publication of results 
and loss of copyright. The researcher must remain sensitive to the uses to which the research findings may be 
put. Wherever possible, the findings should be conveyed in a comprehensible form to those who participated 
in the research. Explain this in the PIS. 

*R E:6a Are you going to identify the research participants in any publication or report about 
the research? No 

 Note: If "yes", the PIS must inform the participants, and this must be part of the consent 
obtained in the CF. If "no", please answer the next question. 

*R E:6b Is there any possibility that individuals or groups could be identified in the final 
publication or report? No  

(If "yes", please explain here and describe in the PIS)     

 

SECTION F: TREATY OF WAITANGI 
* F:1 Does the proposed research have impact on Māori persons as Māori?  

No 

Note: If "yes", please answer the remaining questions in this section. If "no", please go  
straight to Section G. 

* F:2 Explain how the intended research process is consistent with the provisions of the 
Treaty of Waitangi. 

     

 

* F:3 Identify the group(s) with whom consultation has taken place, describe the 
consultation process, and attach evidence of the support of the group(s) when 
submitting the application. 
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*  F:4 Describe any on-going involvement the group(s) consulted has in the project. 

      

 

* F:5 Describe how information will be disseminated to participants and the group 
consulted at the end of the project.  

      

*  F:6 List all the Māori methodology used for obtaining information. 

Predominant use of a kanohi ki te kanohi (face to face) approach when establishing 
networks, interacting and engaging with individuals and organizations: Yes / No 

The use of karakia and appropriate protocols to conduct hui: Yes / No 

The use of powhiri, whakatau and mihimihi processes: Yes / No 

The use and promotion of te reo Maori: Yes / No 

The use of protective mechanisms regarding cultural and intellectual property of 
participants: Yes / No 

The use and significance of kai: Yes / No 

The use and active practice of culturally appropriate processes wherever possible: Yes / No 

Other: Yes / No 

(If "Other", please explain)      

 

SECTION G: OTHER CULTURAL ISSUES 
* G:1 Are there any aspects of the research that might raise any specific cultural issues?  

No 

Note: If "yes", please answer the remaining questions in this section. If "no", please go  
straight to Section H. 

 * G:2 What ethnic or cultural group(s) does the research involve? 
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* G:3 Identify the group(s) with whom consultation has taken place, describe the 
consultation process, and attach evidence of the support of the group(s) when 
submitting your application. 

      

 

*  G:4 Describe any on-going involvement the group(s) consulted has in the project. 

      

 

*R G:5 Describe how information will be disseminated to participants and the group(s) 
consulted at the end of the project. 

      

  Note: Please indicate this on the PIS and CF. 

SECTION H: RISKS AND BENEFITS 
*R H:1 What are the possible benefits to research participants of taking part in the research? 

Participants who participate in the written questionnaire will be rewarded a movie 
voucher for their time and effort. However, there is no direct benefit to the 
participants taking the web-based questionnaire. 
 
There will be benefits to student participants. Students will be able to know about 
how software documents may look like in the software industry. They will also 
have the opportunity to learn how functional requirements of a software system 
can be presented. 
 
There will be benefits to the software engineering community. The result of this 
research will help researchers to test their hypotheses about transparency. 
Researchers will be able to identify attributes of software documents that will help 
stakeholders to find and understand information about a software system more 
effectively. The software industry will be able to articulate problems in software 
documents using the attributes. Software practitioners will be able to improve the 
quality of information provided to stakeholders based on the attributes identified  
in this research project. 
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*  H:2 Is the research likely to place the researcher at risk of harm? No 

(If "yes", please clearly identify/explain these risks here and in the PIS and CF) 
       

   

* H:3 Is the research likely to cause any possible harm to the participants, such as physical 
pain beyond mild discomfort, embarrassment, psychological or spiritual harm? No 

(If "yes", please clearly identify/explain these risks here and in the PIS and CF) 
       

 

* H:4 Does the research involve collection of information about illegal behaviour(s) which 
could place the researcher or participants at risk of criminal or civil liability or be 
damaging to their financial standing, employability, professional or personal 
relationships? No 

(If "yes", please clearly identify/explain these risks here and in the PIS and CF) 
       

 

* H:5 Is it possible that the research could give rise to incidental findings? No 

(If "yes", please explain how you will manage the situation)    
    

 Note: Clearly identify/explain these risks in the PIS and CF. 

* H:6 Describe what provisions are in place for the research participants should there be 
adverse consequences or physical or psychological risks. 

Participants will be asked to record the code on the software documents given to 
them in the questionnaire. The code is used for the researchers to identify which of 
the two software documents were being used to answer the questionnaire. 
Participants will not be identified with the code used. 
 
Moreover, we will not ask for any information that can be used to identify the 
participants in the questionnaire. We will not collect any information that will 
identify other individuals or organisations that the participants work for. However, 
it is possible that the participants might accidentally reveal any personal 
information. To reduce the likelihood, participants will be made aware of the risks 
before consenting to participate in the research. We will also ask the participants 
not to give any identifying information in their responses. We will remove any 
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personal or organisational information disclosed. We will not make the data 
publicly available on the Internet. Access to the data will be limited to the 
researchers of this research project. In addition, the data collected will be analysed 
and reported anonymously. 
 

 Note: Please explain this in the PIS and CF. 

 

SECTION I: HUMAN REMAINS, TISSUE AND BODY FLUIDS 
*  I:1 Does the research involve use of human blood, body fluids, or tissue samples?  

No 

 Note: If "no", please go to Section J. If "yes", please explain in the PIS. Provide a copy of the 
information to be given to the Transplant Coordinator (if necessary), and state the 
information that the Transplant Coordinator will provide to those giving consent. Complete 
the remaining questions in this section. 

* I:2 Are these samples obtained from persons involved in research or will the tissue be 
obtained from a tissue bank? 

       

 

* I:3 Is the tissue imported or taken in New Zealand? Imported / NZ 

(If "imported", please indicate the country of origin)     

 Note: If ethics approval is obtained from the country of origin, please attach the approval 
when submitting your application.  

* I:4 Describe how the sample / specimen is taken. 

       

 

* I:5a Is blood being collected? Yes / No 

 Note: If "yes", please indicate this on the PIS and answer the next 4 questions. If "no", 
please skip the next 4 questions. 
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* I:5b What is the volume at each collection? 

       

 

* I:5c How frequent are the collections?  

       

* I:5d Who is collecting it? 

       

 

* I:5e Is the collector trained in phlebotomy? Yes / No 

(If "no", please explain)      

 

*  I:6a Will the sample / specimen be retained for possible future use? Yes / No 

(If "yes", please explain and state this in the PIS and CF)    
  

Note: If "yes", please answer the next 2 questions. If "no", please skip the next 2 questions.  

*  I:6b Where will the material be stored? 

       

 

*  I:6c How long will it be stored for? 

       

 

*  I:7a Will material remain after the research process? Yes / No 

(If "yes", please explain and state this in the PIS and CF)    
   

Note: If "yes", please answer the next 2 questions. If "no", please skip the next 2 questions 

*  I:7b How will material be disposed of? 
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* I:7c Will material be disposed of in consultation with relevant cultural groups? Yes / No 

(If "yes", please explain and state this in the PIS and CF)    
    

   

SECTION J: CLINICAL TRIALS 
*R  J:1 Is the research considered a clinical trial? No 

Note: If "yes", please include the declaration of the trials in the PIS under Compensation” 
and attach Form A or Form B when submitting your application and answer the remaining 
questions in this section. If "no", please go straight to Section K. 

UAPHEC adopts the definition of clinical trial of the World Health Organisation and New Zealand Ministry of 
Health. That definition is 'a clinical trial is any research study that prospectively assigns human participants or 
groups of humans to one or more health-related interventions to evaluate the effects on health outcomes'. 
See Applicant’s Manual Section 5d for the declaration of the trials and Forms A and B. 

 

*R  J:2 Is this project initiated by a Pharmaceutical Company? Yes / No 

Note: If "yes", please attach the letter from the Pharmaceutical Company when submitting 
your application. 

*R  J:3 Are there other NZ or International Centres involved? Yes / No 

  Note: If "yes", please attach the support letter when submitting your application. 

 

*R  J:4 Is there a clear statement about indemnity? Yes / No 

(If "no", please explain)        

Note: If "yes", please attach a copy of the indemnity when submitting your application. 

*R J:5 Is Standing Committee on Therapeutic Trials (SCOTT) approval required?  
Yes / No 

Note: If "yes", please attach a copy of the SCOTT approval when submitting your 
application. 

*R  J:6 Is National Radiation Laboratory (NRL) approval required? Yes / No 

Note: If "yes", please attach a copy of the NRL approval when submitting your application. 
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*R J:7 Is Gene Therapy Advisory Committee on Assisted Human Reproduction (NACHDSE) 
approval required? Yes / No 

Note: If "yes", please attach a copy of the NACHDSE approval when submitting your 
application. 

 

SECTION K: FUNDING 
*R  K:1 Have you applied for, or received funding for this project? No 

Note: If "yes", please answer the remaining questions in this section. If "no", please go 
straight to Section L. 

*R  K:2 From which funding institution? 

       

 

*R  K:3a Is this a UniServices project? Yes / No 

*R  K:3b Is this a Research contract? Yes / No 

*R  K:3c Is this a Commercial or consulting contract? Yes / No 

*R  K:4 Contract reference number 

       

 

*R K:5 Do you see any conflict of interest between the interests of the researcher, the 
participants or the funding body? Yes / No 

(If "yes", please explain)        

 

SECTION L: OTHER INFORMATION 
*  L:1 Have you made any other related applications? Yes 

(If "yes", please provide Approval Reference Number)  
2010/484       

 

* L:2 Is there any relevant information from past applications or interaction with UAHPEC? 
No 
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(If "yes", please indicate it here and attach the relevant information when submitting 
your application)        

 
* L:3 Please provide a summary of all the ethical issues arising from this project and  

explain how they are to be resolved. 
(For example: confidentiality, anonymity, informed consent, participant’s rights to withdraw, conflict of  
interest, etc.) 
 
 
Confidentiality: We are unable to make guarantees to complete confidentiality of the responses 
made from the participants. This is because we have little control of data privacy on the Internet 
when using web-based questionnaires. There is some small risk of exposing data collected from 
the participants to other parties on the Internet. To mitigate this risk, all data collected will not 
be made available on the Internet. We will also store the written questionnaires in a locked 
office within the university premises. The consent forms will also be stored in a locked office, but 
separately from the questionnaire. Access to all the data collected for this research project will 
be limited to the researchers of this research project. 
 
Anonymity: In this research project, it is not possible to collect the written questionnaires 
anonymously. For written questionnaires, participants' handwriting might be recognisable by the 
student (Yu-Cheng Tu). To minimise this risk, the consent forms will be distributed and collected 
separately from the questionnaire. The student (Yu-Cheng Tu) will distribute the consent forms 
at the beginning of the session. Once the participants have agreed to participate and signed the 
consent forms, the student will collect the forms and distribute the questionnaire. When 
collecting the consent forms, the student will ask the participants to put the forms facing down 
on the table so the student will not see their handwriting. The student will not be able to 
associate the names with participants’ handwriting. The student will put the forms in an 
envelope and delivered to the PI unopened. The consent forms will be stored separately from 
the questionnaire. Handwriting from the consent forms will not be used for comparing with the 
questionnaire. 
 
Moreover, we will not identify individual participants in their responses. We will not ask for any 
information that directly reveals participants' identities in the questionnaire. Participants will be 
warned not to provide any personal information in their responses. We will also remove any 
identifying information disclosed from the responses. We will analyse and report the information 
provided by the participants anonymously. 
 
Rights to withdraw: Participant's rights to withdraw data from the research would not be 
possible. This is because we will not be able to identify individual participants and their 
responses. Participants will be made aware that they are unable to withdraw data after 
submitting the questionnaire in the PIS. However, participants are entitled to withdraw from 
involvement in the research at any time before submitting the questionnaire. 
 
Informed consent: Participants will not be required to sign consent forms for the web-based 
questionnaires. However, we will include a consent page at the beginning of the questionnaire 
that enables participants to indicate if they understand what is involved in the research. We will 
also note to the participants that by submitting the questionnaire indicates that they agree to 
participate in the research. 
 
Conflict of interest: There is some small likelihood that our participants are students of the 
principal investigator and co-investigator. Participants will only be contacted by the student  
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(Yu-Cheng Tu). Moreover, the experiment sessions will be conducted by the student  
(Yu-Cheng Tu) only. The principal investigator and co-investigator will not be involved in the 
sessions. We will also emphasise in the PIS that the information collected for this research 
project will not affect students' grades. When recruiting potential student participants, we will 
rely on advertising and we will not make any personal approaches to students. 
 
UAHPEC expects applicants to identify the ethical issues in the project and explain in the documentation how 
they have been resolved.  The application will not be considered if this is not answered adequately.  A “Not 
applicable” response is not acceptable. 
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SECTION M: APPLICATION CHECKLIST 
* Have you attached the Participant Information Sheet? (See Applicant’s Manual Sections 2b-

ii, 2c and 5a for explanation and sample): Yes 

* Have you attached the Consent Form? (See Applicant’s Manual Sections 2b-iii, 2d and 5b 
for explanation and sample): Yes 

*  Have you attached the advertisement? : Yes 

*  Have you attached the questionnaire? : Yes 

*  Have you attached the list of interview questions? : No 

* Have you attached the confidentiality agreement? (See Applicant’s Manual Sections 2b-vii 
and 5c for explanation and sample) : No    

* Have you attached any other supporting documents (for example: approval from Course 
Coordinator, debriefing sheet)? : No 

* Have you completed the Application Checklist (Preliminary Assessment)? : Yes  
       

APPLICATION CHECKLIST (Please delete whichever is not applicable) 
 
 
Preliminary Assessment 

A. Risk of Harm  

 1. Does the research involve situations in which the researcher may be at risk of harm?  NO 

 2. Does the research involve the use of any method, whether anonymous or not, which might 
reasonably be expected to cause discomfort, pain, embarrassment, psychological or spiritual harm 
to the participants? 

 NO 

 3. Does the research involve processes that are potentially disadvantageous to a person or group, 
such as the collection of information which may expose the person/group to discrimination? 

 NO 

 4. Does the research involve collection of information about illegal behaviour(s) which could place the 
researcher or participants at risk of criminal or civil liability or be damaging to their financial 
standing, employability, professional or personal relationships? 

 NO 

* 5. Does the research involve any form of physically invasive procedure on participants, such as the 
collection of blood, body fluids, tissue samples, DNA, human tissue from a tissue bank, exercise or 
dietary regimes or physical examination? 

 NO 

* 6. Does the research involve any intervention administered to the participant, such as drugs, 
medicine (other than in the course of standard medical procedure), placebo, environmental 
conditions, food/drink? 

 NO 

* 7 Does the research involve processes that involve EEG, ECG, MRI, TMS, FMRI, EMG, radiation, 
invasive or surface recordings? 

 NO 

* 8. Is the research considered a clinical trial?  NO 

 9. Does the research involve physical pain beyond mild discomfort?  NO 
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B. Informed and Voluntary Consent 

 1. Does the research involve participants giving oral consent rather than written consent? 
(If participants are anonymous the response is “No”). 
 

 NO 

 2. Does the research involve participation of children (seven years old or younger)?  NO 

 3. Does the research involve participation of children under sixteen years of age where parental 
consent is not being sought? 

 NO 

 4. Does the research involve participants who are in a dependent situation, such as people with a 
disability, residents of a hospital, nursing home or prison, or patients highly dependent on medical 
care? 

 NO 

* 5. Does the research involve participants who are being asked to comment on employers?  NO 

 6. Does the research involve participants (other than children) whose capacity to give informed 
consent is in doubt? 

 NO 

 7. Does the research use previously collected information or biological samples for which there was 
no explicit consent? 

 NO 

C. Research conducted overseas 

 1. Will the research be conducted overseas?  NO 

D. Privacy and confidentiality issues 

 1. Does the research involve evaluation of University of Auckland services or organisational practices 
where information of a personal nature may be collected and where participants may be identified? 

 NO 

 2. Does the research involve University of Auckland staff or students where information of a personal 
nature may be collected and where participants may be identified? 

 NO 

 3. Does the research involve matters of commercial sensitivity?  NO 

 4. Does the research involve Focus Groups?  NO 

E. Deception 

 1. Does the research involve deception of the participants, including concealment or covert 
observations? 

 NO 

F. Conflict of interest 

* 1. Does the research involve a conflict of interest or the appearance of a conflict of interest  for the 
researcher (for example, where the researcher is also the lecturer/teacher/treatment 
provider/colleague or employer of the participants, or where there is a power relationship between 
researcher and participants)? 

YES  

G. Cultural sensitivity 

 1. Does the research have impact on Maori?  NO 

 2. Does the research raise any specific ethnic or cultural issues not relating to Maori?  NO 

H. Requirements imposed from outside The University of Auckland 

 1. Does the research involve a requirement imposed by an organisation outside The University of 
Auckland? 

 NO 
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Department of Computer Science 

The University of Auckland 
Private Bag 92019 

Auckland, New Zealand 
Phone: +64 9 373 7599 ext 85857 

 
Participant Information Sheet 

 
Project title: Comparing the Effectiveness of Software Document Types in the Presentation of 
Functional Requirements (Online Questionnaire) 
 
Researchers: Yu-Cheng Tu / Associate Professor Ewan Tempero / Professor Clark Thomborson 
 
To: The Participant 
  
This research project is being undertaken by Yu-Cheng Tu, a PhD student studying in Software 
Engineering. This research is a part of a PhD degree at the Department of Electrical and Computing 
Engineering, University of Auckland. The purpose of this research is to study the effectiveness of 
software documents in presenting functional requirements of a software system. Participants have 
been selected by responding to our email invitations or advertisements and agreeing to participate 
in this research. 
 
Our research involves the use of an online questionnaire, which will take approximately 1 hour to 
complete. The questionnaire will consist of the following parts. 

• Demographics (5 minutes): In this section, you will be asked a few general questions about 
your study if you are currently a tertiary student. If you are working in the software industry, 
you will be asked about your roles in software projects as well as your experience with 
different types of software documents and models. 

• Part 1. Reviewing functionality of a software system (40 minutes): In this section, you will 
be asked to review a software document (attached in the email) that describes the 
functional requirements of a software system. You will need to answer questions about the 
software system based on the information provided in the document. Please do not spend 
more than 40 minutes on this part. You are not required to go through everything in the 
software document to answer the questions. 

• Part 2. Overview of the software document (15 minutes): In this section, you will be asked 
some questions about the quality of the software document given to you and how you 
would improve the document for presenting functional requirements of a software system. 

 
The data that you provide will be used for the PhD research of the student (Yu-Cheng Tu). Data will 
also be used to report findings of this research in conference papers and journal articles. Findings of 
this research will be reported in the student’s PhD thesis. Any identifying information such as your 
name and IP address will not be recorded in the data. All information that you provide in the 
questionnaire will remain anonymous. Data will not be made publicly available on the Internet. They 
will only be available to the researchers of this research project, and will be stored securely in 
electronic devices within the university premises for a period of six years. After that period, the 
information will be destroyed from all devices in a secure manner. 
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Participation in this study is voluntary. You can be assured that neither your grades nor academic 
relationships with the Department of Computer Science at The University of Auckland or any 
member of the staff will be affected by either refusal or agreement to participate in this study. This 
assurance is provided by the Head of Department of Computer Science. If you decide to participate 
in this research, you have the right to withdraw from participation at any time before the point of 
submitting the questionnaire. However, you are unable to withdraw data provided by you from the 
research after the point of submitting the questionnaire. This is because the data will not contain 
any information that will be identified as belonging to any particular participants. The information 
that you provide will be analysed and reported anonymously. 
 
If you are willing to participate, please complete the online questionnaire at the link provided in the 
email. You will not be asked to sign a consent form. However, there will be an electronic consent at 
the beginning of the online questionnaire. Please note that by submitting the online questionnaire 
indicates that you agree to take part in this research. 
 
A summary of the research findings will be made available online at 
http://www.cs.auckland.ac.nz/research/groups/ssg/homepages/yu-cheng/expSummary.html after 
the completion of this research project. If you have any questions about the research, please contact 
us. Contact details are provided below. 
 
Contacts 
Professor Gill Dobbie (Head of Department, Department of Computer Science) 
 Phone: +64 9 373 7599 ext 83949 
 Email: gill@cs.auckland.ac.nz  
 
Associate Professor Ewan Tempero (Supervisor, Department of Computer Science) 
 Phone: +64 9 373 7599 ext 83765 
 Email: e.tempero@cs.auckland.ac.nz 
 
Professor Clark Thomborson (Supervisor, Department of Computer Science) 
 Phone: +64 9 373 7599 ext 85753 
 Email: cthombor@cs.auckland.ac.nz 
 
Yu-Cheng Tu (PhD student, Department of Electrical and Computing Engineering) 
 Phone: +64 21 0471916 
 Email: ytu001@aucklanduni.ac.nz 
 
 
 
 
 
For any queries regarding ethical concerns you may contact the Chair, The University of Auckland 
Human Participants Ethics committee, The University of Auckland, Research Office, Private Bag 
92019, Auckland 1142. Telephone 09 373-7599 extn. 83711. Email: humanethics@auckland.ac.nz. 
 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 23 
May 2012 FOR (3) years, Reference Number 8118
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Department of Computer Science 

The University of Auckland 
Private Bag 92019 

Auckland, New Zealand 
Phone: +64 9 373 7599 ext 85857 

 
Participant Information Sheet 

 
Project title: Comparing the Effectiveness of Software Document Types in the Presentation of 
Functional Requirements (Written Questionnaire) 
 
Researchers: Yu-Cheng Tu / Associate Professor Ewan Tempero / Professor Clark Thomborson 
 
To: The Participant 
 
This research project is being undertaken by Yu-Cheng Tu, a PhD student studying in Software 
Engineering. This research is a part of a PhD degree at the Department of Electrical and Computing 
Engineering, University of Auckland. The purpose of this research is to study the effectiveness of 
software documents in presenting functional requirements of a software system. Participants have 
been selected by responding to our email invitations or advertisements and agreeing to participate 
in this research. 
 
Our research involves the use of a written questionnaire, which will take approximately 1 hour to 
complete. You will be informed about the time and the location where the experiment session will 
be held in the email. The student (Yu-Cheng Tu) will be present throughout the experiment session. 
At the beginning of the experiment session, you will be given and asked to sign a consent form if you 
agree to take part in this study. To minimise the possibility of recognising your handwriting by the 
student (Yu-Cheng Tu), please place the consent form facing down on the table. After the consent 
form has been collected from you, you will be given a software document and a questionnaire. The 
questionnaire will consist of the following parts. 

• Demographics (5 minutes): In this section, you will be asked a few general questions about 
your study if you are currently a tertiary student. If you are working in the software industry, 
you will be asked about your roles in software projects as well as your experience with 
different types of software documents and models. 

• Part 1. Reviewing functionality of a software system (40 minutes): In this section, you will 
be asked to review a software document that describes the functional requirements of a 
software system. You will need to answer questions about the software system based on the 
information provided in the document. Please do not spend more than 40 minutes on this 
part. You are not required to go through everything in the software document to answer the 
questions. 

• Part 2. Overview of the software document (15 minutes): In this section, you will be asked 
some questions about the quality of the software document and how you would improve 
the document for presenting functional requirements of a software system. 

At the end of the experiment session or when you have completed the questionnaire, please return 
the written questionnaire to the student (Yu-Cheng Tu). 
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The data that you provide will be used for the PhD research of the student (Yu-Cheng Tu). Data will 
also be used to report findings of this research in conference papers and journal articles. Findings of 
this research will be reported in the student’s PhD thesis. All information that you provide in the 
questionnaire will remain anonymous. Data will not be made publicly available on the Internet. They 
will only be available to the researchers of this research project, and will be stored in a locked office 
within the university premises for a period of six years. After that period, the information will be 
destroyed using a paper shredder and disposed securely. 
 
Participation in this study is voluntary. You can be assured that neither your grades nor academic 
relationships with the Department of Computer Science at The University of Auckland or any 
member of the staff will be affected by either refusal or agreement to participate in this study. This 
assurance is provided by the Head of Department of Computer Science. If you decide to participate 
in this research, you have the right to withdraw from participation at any time before the point of 
submitting the questionnaire. However, you are unable to withdraw data provided by you from the 
research after the point of submitting the questionnaire. The consent form will be stored separately 
and will not be used to identify your handwriting. The consent form will not be associated with the 
questionnaire. The questionnaire will not contain any information that will be identified as belonging 
to any particular participants. The information that you provide will be analysed and reported 
anonymously.  
 
At the end of the experiment session, you will be rewarded a movie voucher as a compensation for 
your time and effort in completing the questionnaire. A summary of the research findings will be 
made available online at http://www.cs.auckland.ac.nz/research/groups/ssg/homepages/yu-
cheng/expSummary.html after the completion of this research project. If you have any questions 
about the research, please contact us. Contact details are provided below. 
 
Contacts 
Professor Gill Dobbie (Head of Department, Department of Computer Science) 
 Phone: +64 9 373 7599 ext 83949 
 Email: gill@cs.auckland.ac.nz  

Associate Professor Ewan Tempero (Supervisor, Department of Computer Science) 
 Phone: +64 9 373 7599 ext 83765 
 Email: e.tempero@cs.auckland.ac.nz 

Professor Clark Thomborson (Supervisor, Department of Computer Science) 
 Phone: +64 9 373 7599 ext 85753 
 Email: cthombor@cs.auckland.ac.nz 

Yu-Cheng Tu (PhD student, Department of Electrical and Computing Engineering) 
 Phone: +64 21 0471916 
 Email: ytu001@aucklanduni.ac.nz 
 
For any queries regarding ethical concerns you may contact the Chair, The University of Auckland 
Human Participants Ethics committee, The University of Auckland, Research Office, Private Bag 
92019, Auckland 1142. Telephone 09 373-7599 extn. 83711. Email: humanethics@auckland.ac.nz. 
 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 23 
May 2012 FOR (3) years, Reference Number 8118
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Department of Computer Science 

The University of Auckland 
Private Bag 92019 

Auckland, New Zealand 
Phone: +64 9 373 7599 ext 85857 

 
Participants Consent Form 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 
Project title: Comparing the Effectiveness of Requirements Documents in the Presentation of 
Functional Requirements (Written Questionnaire) 

Researchers: Yu-Cheng Tu / Associate Professor Ewan Tempero / Professor Clark Thomborson 

I have read the Participant Information Sheet, have understood the nature of the research and why I 
have been selected. I have had the opportunity to ask questions and have them answered to my 
satisfaction. 

• I understand that this consent form will be stored separately from the questionnaire for a 
period of 6 years before it is destroyed. 

• I understand that this consent form will not be used to associate my handwriting with the 
questionnaire. 

• I agree to take part in this research. 

• I understand that participation in this research project is voluntary. 

• I understand that the Head of Department of Computer Science has provided signed 
assurance that neither my grades nor academic relationship with the Department of 
Computer Science at The University of Auckland or any member of the staff will be affected 
by either refusal or agreement to participate in this research project. 

• I understand that I am free to withdraw participation at any time before the point of 
submitting the questionnaire. 

• I understand that I will not be able to withdraw any data provided by me after the point of 
submitting the questionnaire. 

• I understand that the questionnaire will take approximately 1 hour. 

• I understand that I will receive a movie voucher as a compensation for my time and effort in 
completing the questionnaire. 

• I understand that data will be stored and used for the PhD research of the student  
(Yu-Cheng Tu) for 6 years, after which they will be destroyed. 

 
 
Name           
 
Signature        Date                                         
 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 23 
May 2012 FOR (3) years, Reference Number 8118 
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Department of Computer Science 

The University of Auckland 
Private Bag 92019 

Auckland, New Zealand 
Phone: +64 9 373 7599 ext 85857 

 

16 May 2012 

 

Assurance from Department of Computer Science 
 

Project title: Comparing the Effectiveness of Requirements Documents in the Presentation of Functional 

Requirements. UAHPEC Reference number 8118 

 

Researchers: Yu‐Cheng Tu / Associate Professor Ewan Tempero / Professor Clark Thomborson 

 

Dear Participant, 

 

I assure you that neither your grades nor academic relationship with the Department of Computer 

Science at The University of Auckland or any member of the staff will be affected by either refusal or 

agreement to participate in the research project stated above. 

 

 

 
Professor Gill Dobbie 

Head of Department 

Department of Computer Science 
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EARN A MOVIE VOUCHER  
IN A SOFTWARE DOCUMENT REVIEW 

STUDY! 

Are you a tertiary student studying in Software 

Engineering, Computer Science, Information Technology 

or any other related areas? 

 

A PhD student needs you to take part in a 

study! 

 

 

 

 

 

 

If you are interested to participate, contact:  

Yu-Cheng Tu  ytu001@aucklanduni.ac.nz 

PhD Student 
University of Auckland 

 

For a Limited Time Only! 
 
 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 23 May 
2012 for (3) years, Reference Number 8118 

The study is about investigating how effective different types of software documents 

are in presenting functional requirements to different people. It will take approximately 

1 hour. You will be asked to review a software document and answer a questionnaire. 

You will receive a movie voucher at the end of the session. 
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Email invitation to participate in the research. 
 

Subject: Invitation to participate in a PhD research project at the University of Auckland 

 

Hi, 

 

My name is Yu-Cheng Tu, and I am a PhD student researching in Software Engineering at the 

University of Auckland. I am conducting a study to investigate how effective different types of 

software documents are in presenting functional requirements to different people. I would like to 

invite anyone who is either: 

 involved in software development (e.g. software developer, requirements engineer, 

project manager, client of a software project), or 

 tertiary students studying in Software Engineering, Computer Science, Information 

Technology, or any other related areas to take part in my research. 

 

The research involves the use of a questionnaire (either online or written), which will take 

approximately 1 hour to complete. You will be given a software document that describes the 

functionality of a software system. In the questionnaire, you will be asked some questions about the 

software document. 

 

Your participation in this research is voluntary. You may choose not to participate. However, your 

participation and feedback will be of great value to my research. The results will help my research in 

identifying attributes of software documents that will help stakeholders to find and understand 

information a software system more effectively. These attributes will be useful for software 

practitioners to improve the quality of information provided to stakeholders during software 

development.  

 

If you are interested to participate in my research, please contact me at ytu001@aucklanduni.ac.nz 

before 2012. You may choose to complete the questionnaire online or during one of our experiment 

sessions. If you would like to participate in the experiment session, please also let me know the 

times that you will be available. 

 

If you have any questions about this research, please feel free to contact me. Thank you for 

considering this request. 

 

Sincerely, 

Yu-Cheng Tu 

 

PhD Student 

University of Auckland 

Supervisors: Assoc. Prof. Ewan Tempero, Prof. Clark Thomborson (Department of Computer Science) 
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Email template for replying to prospective participants (online questionnaire) 
 

Hi (participant's name), 

 

Thank you for your interest. Here is a short description about the research procedures: 

 

The questionnaire will consist of a demographic section and two main parts. In the demographic 

section, you will be asked some general questions about your study and what software models you 

have learned during your study (if you are a student). If you are working in the software industry, 

you will have questions about your roles in software projects and how well you think different types 

of software documents are. In the first part of the questionnaire, you will be asked to answer 

questions about a software system based on the information provided in the software document 

attached to this email. In the second part of the questionnaire, you will be asked some questions 

about the quality of the software document and how you would improve the software document. 

 

Attached is a copy of the Participant Information Sheet, which describes this research in detail. 

Please read it carefully. You will also find attached a copy of the software document that describes 

the functionality of a software system. If you are willing to participate, please complete the online 

questionnaire at http://www.surveymonkey.com/s/5GJ3CJT. 

 

Thank you for taking part in this research project. If you have any questions, please feel free to 

contact me. 

 

Sincerely, 

Yu-Cheng Tu 

 

PhD Student 

University of Auckland 

Supervisors: Assoc. Prof. Ewan Tempero, Prof. Clark Thomborson (Department of Computer Science) 
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Email template for replying to prospective participants (written 

questionnaire) 
 

Hi (participant's name), 

 

Thank you for your interest. Here is a short description about the research procedures: 

 

At the beginning of the experiment session, you will be given a software document that describes 

the functionality of a software system and a questionnaire for you to complete. The questionnaire 

will consist of a demographic section and two main parts. In the demographic section, you will be 

asked some general questions about your study and what software models you have learned during 

your study (if you are a student). If you are working in the software industry, you will have questions 

about your roles in software projects and how well you think different types of software documents 

are. In the first part of the questionnaire, you will be asked to answer questions about a software 

system based on the information provided in the software document given to you. In the second 

part of the questionnaire, you will be asked some questions about the quality of the software 

document and how you would improve the software document. At the end of the session, you will 

receive a movie voucher as a compensation for your time and effort. 

 

Attached is a copy of the Participant Information Sheet, which describes this research in detail. 

Please read it carefully. If you are willing to participate, please let me know when you are available. I 

will arrange the experiment session at a time that is convenient for you. 

 

Thank you for taking part in this research project. If you have any questions, please feel free to 

contact me. 

 

Sincerely, 

Yu-Cheng Tu 

 

PhD Student 

University of Auckland 

Supervisors: Assoc. Prof. Ewan Tempero, Prof. Clark Thomborson (Department of Computer Science) 
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E
Questionnaire for the Controlled

Experiment

\bullet Demographics (industry).

\bullet Demographics (student).

\bullet Part 1 Reviewing Functionality of a Software System.

\bullet Part 2 Overview of the Software Document.
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Comparing the Effectiveness of Software Document 
Types in the Presentation of Functional Requirements – 

Questionnaire

Thank you for taking part in this research project. Please try to answer every question in this  
questionnaire. You may choose not to answer any of the optional questions (marked with Optional)  
that you think will take more than 10 minutes to complete.

Demographics (5 minutes)
1. What aspects of the software project are you involved in? (Select all that apply)

2. What roles do you generally have in a software project? (Select all that apply)

Demographics (industry) - 1

Requirements

Design

Development

Testing

Maintenance

Project management

Quality management

Other (please specify)

Requirements engineer

Client

Regulator

User / user representative

Architect

Project manager

Developer

Other (please specify)
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3. How many years have you been working in the software industry?

4. How do you usually get to know the requirements for the software product?

(Select all that apply)

5. What type of documents or models do you usually use or receive from the ways you use in 
Q4 (to know about the requirements for the software product)? How effective do you think 
the documents or models are in helping you to understand the functional requirements of the 
software product?

a) Requirements written in natural language (the requirements document does not follow 
any specific formats or standards such as ISO documentation standards).

How effective is this? Comments

Demographics (industry) - 2

0 - 4 years 5 - 9 years 10 - 14 years 15 - 19 years 20+ years

I consult comprehensive documentation.

I consult informal documentation.

I learn about the requirements by informal discussions with other members of my organisation.

I learn about the requirements by informal discussions with clients.

I learn about the requirements at formal meetings with clients and/or other members of my 
organisation.

Other (please specify)

Very good
Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

I never receive or use this for understanding 
the requirements
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b) Requirements written in structured natural language (the requirements document follows 
a specific format or standard such as ISO documentation standards, IEEE standards or 
templates provided by your organisation). 

How effective is this? Comments

c) Requirements written in formal notations such as Z.

How effective is this? Comments

d) Use case models.

How effective is this? Comments

e) Entity-relationship diagrams.

How effective is this? Comments

Demographics (industry) - 3

Very good
Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements
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f) Architecture/design documents.

How effective is this? Comments

g) User manuals.

How effective is this? Comments

h) Informal diagrams such as rich picture, storyboards, spray diagram.

How effective is this? Comments

i) Other (please specify) 

Demographics (industry) - 4

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements
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6. Optional: What type of documents or models do you prefer to use for understanding 
functional requirements of a software product. Please also comment on why you prefer 
using such documents or models.

End of demographic questions

Demographics (industry) - 5
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Comparing the Effectiveness of Software Document 
Types in the Presentation of Functional Requirements – 

Questionnaire

Thank you for taking part in this research project. Please try to answer every question in this  
questionnaire. You may choose not to answer any of the optional questions (marked with Optional)  
that you think will take more than 10 minutes to complete.

Demographics (5 minutes)
1. Which institution are you currently studying at?

2. What degree and major are you studying?

3. Which year are you in your study?

4. Did you learn any software models or modelling methods during your study? (Select all that 
apply)

Demographics (student) - 1

year 1 year 2 year 3 year 4 year 5+

Data flow diagrams

Unified Modelling Language (UML)

State machines

Activity diagrams

Entity-relationship diagrams

Use Case Models

Other (please specify)

I didn't learn any software models or modelling methods
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5. Do you have any working experience in the software industry? If yes, please also answer Q6 
– Q9.

 

6. How long have you been working in the software industry?

7. How do you usually get to know the requirements for the software product?

(Select all that apply)

8. What type of documents or models do you usually use or receive from the ways you use in 
Q7 (to know about the requirements for the software product)? How effective do you think 
the documents or models are in helping you to understand the functional requirements of the 
software product?

a) Requirements written in natural language (the requirements document does not follow 
any specific formats or standards such as ISO documentation standards).

How effective is this? Comments

Demographics (student) - 2

0 - 4 years 5 - 9 years 10 - 14 years 15 - 19 years 20+ years

Yes No

I consult comprehensive documentation.

I consult informal documentation.

I learn about the requirements by informal discussions with other members of my organisation.

I learn about the requirements by informal discussions with clients.

I learn about the requirements at formal meetings with clients and/or other members of my 
organisation.

Other (please specify)

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements
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b) Requirements written in structured natural language (the requirements document follows 
a specific format or standard such as ISO documentation standards, IEEE standards or 
templates provided by your organisation). 

How effective is this? Comments

c) Requirements written in formal notations such as Z.

How effective is this? Comments

d) Use case models.

How effective is this? Comments

e) Entity-relationship diagrams.

How effective is this? Comments

Demographics (student) - 3

Very good
Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

261



f) Architecture/design documents.

How effective is this? Comments

g) User manuals.

How effective is this? Comments

h) Informal diagrams such as rich picture, storyboards, spray diagram.

How effective is this? Comments

i) Other (please specify)

Demographics (student) - 4

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements

Good
Satisfactory

Poor, but I have to use it
Poor, I have to guess the requirements

Very good

I never receive or use this for understanding 
the requirements
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9. Optional: What type of documents or models do you prefer to use for understanding 
functional requirements of a software product. Please also comment on why you prefer 
using such documents or models.

End of demographic questions

Demographics (student) - 5
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Part 1. Reviewing Functionality of a Software System (40 minutes)
Please spend no more than 40 minutes on this section. Please answer the following questions based 
on the information presented in the document as best as you can. If you cannot answer a question  
or if you feel it is taking too long to answer a question, please write down the problem in one or two  
sentences. For example, “I can't find the answer from the given document after spending 10  
minutes”, “I don't understand the question”, etc.

1. Please select the code written on the top left of the document given to you.

2. Please write down the start time for answering this part of the questionnaire.

3. What is the name of the system that is the primary web authentication system for the 
University?

Questionnaire - 1

ReqSpec2012

UCM2012
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4. What are the requirements for handling applications submitted in hard copies? (Please spend 
no more than 10 minutes on this question)

Please describe where and how you found information about this functionality. Please note 
down the page numbers and section headings that you have looked for finding this 
functionality. E.g. I first read the table of contents. Then I went through Section 2 and 3. The 
requirement is on pg. 2, Section 2 Solution Overview.

5. How are hard-copy applications being processed?

6. Are the NCEA exam results displayed to the applicant? Please also note down the page 
numbers and/or section headings where you found the answer.

Questionnaire - 2
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7. Who can run reports from the UAM system? Please also note down the page numbers and/or 
section headings where you found the answer.

8. Please write down the finish time for answering this part of the questionnaire.

End of part 1 questions

Questionnaire - 3
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Part 2. Overview of the Software Document (15 minutes)

1. Optional: Did you find any duplicated or redundant information in the given document?

Please write down what information was duplicated or redundant in the document.

2. Optional: Did you find any inconsistencies or errors in the given document? E.g. errors in 
the terminology used in the document.

Please describe what inconsistencies or errors you have found in the document.

3. Optional: Did you find any information missing for describing the functionality of the 
software system?

Please describe what information you think is missing in the document.

Questionnaire - 4

Yes No

Yes No

Yes No

267



4. Did you have to go through different parts of the document (e.g. going to different sub 
sections) in order to answer Q6 about NCEA exam results in part 1?

Comments

5. How well do you think the given document is in helping you to...

Comments
a) Identify the information 

that you may need to 
answer the questions in 
part 1?

b) Read only the relevant 
information that you 
need to answer each 
question in part 1?

c) Understand the 
functionality of the 
software system?

6. How well do you think that...

Comments
a) You have understood the 

information provided in 
the given document?

b) You have answered the 
questions in part 1 
correctly?

Questionnaire - 5

Very good
Good
Satisfactory
Poor
Very poor

Yes

No

Good
Satisfactory
Poor
Very poor

Very good

Good
Satisfactory
Poor
Very poor

Very good

Good
Satisfactory
Poor
Very poor

Very good

Good
Satisfactory
Poor
Very poor

Very good
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7. Optional: If you ran out of time to answer questions in Part 1, what were the problems you 
encountered?

8. Optional: Please comment on whether you liked or didn't like the given software document. 
How would you improve the document for presenting the functionality of the software 
system?

Questionnaire - 6
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9. Optional: Please comment on any problems or concerns that you have in general regarding 
software artefacts produced (e.g. software documents, class diagrams, test suite, etc.), or 
communication with other stakeholders during the life cycle of a software product.

End of the questionnaire

Questionnaire - 7
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1 Summary 
1.1 Background 

The University Accommodation Management system, UAM, is a specialised student 

housing solution. Applicants for student accommodation register by completing an 

online application via a link from the University website. 

The Identity Management System (IMS) was introduced to the University in 2008 

and is the University's system of record for identity information and primary web 

authentication. There is currently no automated integration between UAM and the 

IMS. 

In order to bring some efficiency and provide a better user experience for students it 

is desirable to integrate the UAM system with the IMS – ensuring that a student only 

needs to register and update personal data in one system. Additionally, it would be 

beneficial to pass various affiliation information from other University systems to 

UAM to keep them informed of any student’s status changes. 

 

 

1.2 Scope 

The following items are considered to be in scope; 

 Integration with the IMS for the Accommodation Application process to eliminate 

the need for students/applicants to register and enter personal details in more 

than one system.  

 UAM Integration with IMS for any changes or updates to personal details for 

accommodation applicants or current students who have previously registered 

online. 

 The integration of relevant Affiliations a person has with the University to UAM as 

they are up updated in the various downstream systems. 

 

1.3 Dependencies 

This project is dependent upon: 

 ITS resource being available to do the development 

 The accommodation package (UAM) being able to integrate suitably with the IMS 

 

 

1.4 References 

None 
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1.5 Glossary of terms 

Term Meaning 

UAM 

 

University Accommodation Management (UAM) system is the 

University’s specialised student housing solution. 

SAP The Student Administration Platform. 

IMS The Identity Management System (IMS) is the University’s master 

repository for Personal Data. It stores and maintains details of all 

persons that the University has a relationship with, including 

students, staff, visitors, alumni and contractors. 

AfUE Application for University Entrance. This is an application for 

recording applications for admission to programmes of study at the 

University. It interfaces with the IMS for the Personal and Contact 

details of the applicants. 

ULN University Login Name – assigned to persons in the IMS when an 

Identity becomes resolved. 
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2 Solution Overview 
When a prospective or current student wants to submit an online Application for 

Accommodation at the University they will use the links currently provided on 

various web pages, e.g. the University Home page ‘Accommodation’ link, or via the 

Application for University Entrance (Accommodation Services link).  

The solution for accommodation follows the pattern already established for similar  

web forms like the Application for University Entrance. Applicants visiting the 

Application for Accommodation for the first time will be required to register 

themselves in the IMS and provide all the necessary personal data.  The applicant 

will then be transferred back to the accommodation form where their personal data 

will be displayed ‘read only’. A link back to the IMS will be provided in order that 

applicants can update personal data at any time. 

Additionally, it would be useful for Accommodation staff to have basic student-

related information provide to UAM from other systems, to assist them in processing 

an applicant’s request for accommodation. 

 
3 Functional Specification 

 

3.1 Process models 

3.1.1 Account Registration 
Under an Integrated systems approach, the ‘Account Login’ section on the University 

Accommodation Home page  will direct the user to the IMS for Sign in. For someone 

who has previously registered with the university, they can use their University ID (7 

character number), ULN (if they are already a student) or the personal email address 

they used to create their account. If they are new to the University then they will be 

taken to the IMS registration screen (for Accommodation applicants). They will be 

required to enter the following; 

1. Email Address 

2. First Name 

3. Last Name 

4. Password 

Following completion of this form and acceptance of the terms and conditions they 

will be sent a confirmation email. They will be required to complete the verification 

by clicking on the ‘Complete Your Registration’ link and populating the following 

information (some of which is compulsory).  

1. Title  

2. Middle Names  

3. Preferred Name  

4. Previous Name 

5. Mobile Phone Number (required) 

6. Home Phone Number (required) 

7. Correspondence Address (required) 

8. Gender (required) 

9. Date of Birth (required) 

10. Citizenship (required) 
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11. Residency (if not an NZ citizen) 

12. Ethnicity (required) 

13. Emergency Contact details (required) 

14. National Student Number (NSN) 

Once this page is complete the applicant can return to the Accommodation portal – 

Home Page and lodge an application. 

Note: Where an UAM administrator enters an application on behalf of an applicant, 

they will need the ability to create the identity in the IMS first. Then they will enter 

the IMS ID number into UAM manually and push the person message from the IMS 

in order to populate the required personal data fields. This process for gathering 

personal data would also be the same for non-student accommodation residents, 

who are currently entered into UAM through the Administration pages. 

3.1.2 Completing an Accommodation Application – IMS Identity Data  
Once an Applicant has either logged in or registered (in the IMS) and completed 

their verification they can begin a new Application, by selecting the ‘My Application’ 

link from the home page – as they do today. The UAM system will recognize them as 

being logged in, receiving their credentials from the IMS, using the 7 character 

unique University ID as the link between the two systems. 

The Select Application page of the UAM system will look no different to how it is 

currently and once an applicant selects their application type and clicks on ‘Save and 

Continue’ - they will be transferred to the ‘Personal Details’ page. This page will be 

modified from what they see today, as all fields (not just ‘Family Name’ and ‘First 

Name’) will be display only. A link will exist on the page to ‘Update Personal Details’, 

which will transfer the user to the IMS (in a new browser window) where they can 

maintain their own data. When they return to the ‘Personal Details’ page their 

applicant information will be updated with whatever was saved in the IMS. This will 

be a near real-time update. 

Similarly, with the ‘Contact Details’ page in the Accommodation Application – all 

fields will be read only with three separate buttons to link to different parts of the 

IMS for adding and/or updating Addresses, Phone & Email and Emergency Contacts 

details. A new browser window will be opened in the IMS on the appropriate page – 

and when saved will push a near-real time message to the Accommodation system 

to update anything that has changed. 

   

3.1.3 Synchronising Affiliation data 
Some affiliations (which represent the relationships a person has with the University) 

are displayed in the IMS. These are maintained in a number of University systems 

and sent via messaging to University Login Management system and LDAP (which is 

where the IMS is reading these from). When these affiliations are updated (or when 

a user is initially sent to the Accommodation system) these will be sent via message 

to the UAM database (for internal use only) using an Application Programming 

Interface (API) - supplied by UAM. This will enable administrators to have up to date 

information relating to an applicant’s (or current resident’s) status with the 

University. The Affiliations of interest to UAM are;  

a. Applicant 

b. Undergraduate Student 

c. Postgraduate Student 

d. Doctoral Student 
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e. Alumni 

 

3.1.4 Other Student Related data 
NCEA Test Results 

When an applicant selects the ‘School Leaver’ option on the UAM application form 

they will be prompted for their National Student Number (NSN) if it is not already 

stored against their IMS identity. Note: NSN will be included in the personal data 

collection once an applicant verifies their email address, but will be optional at this 

stage. When an applicant proceeds to select their Accommodation Application type, 

and they select Option1 (School Leaver), a check on the database will be made to 

determine if their NSN number has been collected. If not, it will prompt them for it. 

When it is entered, or on confirmation that it has been entered, a web service will 

pull all relevant NCEA test data from the SAP database. Note: at this stage CIE and 

IB results sent from the Ministry of Education do not contain the NSN number so it 

will not be possible to collect these results automatically using the NSN number. 

 

Scholarship Information 

As part of the Education question in the Accommodation Application, information is 

gathered on whether an applicant has applied for or intends to apply for a 

scholarship. If an applicant has previously applied the information relating to this 

application is currently stored in SAP (though in the future this will be in Scholarship 

Management) and could be retrieved by a web service and posted directly to the 

UAM database via an API. The current scholarship question will be left in place, for 

cases where applicants intend to apply or have applied for a scholarship that is not 

centrally managed, i.e. some faculties manage their own scholarships. 

 

Photos 

All students are required to have an ID card photo entered in the university ID card 

system. A message is published from this system every time a new photo is added 

for a student. There is a requirement for the UAM system to subscribe to this 

message where a student is a current accommodation applicant or resident. This will 

update the UAM database directly via an API. 

3.2 Business Rules / Regulatory Requirements 

Type of 

Rule  

Identifier 

 

Rule details 

Regulation  All requirements of the Public Records Act 2004 must be 

observed and adhered to. 

Regulation  All requirements of the Privacy Act 1993 must be observed and 

adhered to. 

Regulation  All requirements of the University's Employment Code - Access to 

Personal Information policy must be observed and adhered to. 
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3.3 Assumptions 

 Assumption 

1. The Identity Management System will be the master for all personal data and will be 

responsible for sending any changes relating to people that the Accommodation 

system is interested in as they are updated or added. 

 

3.4 Functional Requirements 
 

Requirement 

# 

Requirement Description Navigation Dependencies  

/ Traceability 

 

1 An Accommodation Applicant should 

only be required to register once with 

the University in order to apply for 

Admission to a Programme of Study 

and to stay in a University Residence. 

A single ID should be used to access 

both Applications and eventually be 

used as their Student ID once they 

are accepted into a Programme. 

  

2 Personal and Contact Details required 

for the Accommodation Application 

should be created and maintained in 

the IMS. A user should be able to 

access the IMS to amend these details 

directly from an Application within 

UAM. 

  

3 The UAM system should be updated 

automatically when a person (who is 

either an Applicant, a current 

University Accommodation resident or 

who has been offered a place in a 

University residence) changes or 

updates their personal or contact 

details in the IMS.  

  

4 The UAM system should be updated 

automatically when a person’s (who is 

either an Applicant, a current 

University Accommodation resident or 

who has been offered a place in a 

University residence) affiliations with 

the university change. 
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5 A report is required to identify persons 

with current accommodation 

applications who are not current 

students and whose applications for 

admission have been declined.   

  

6 A report is required to identify current 

University residents who are no longer 

active students (or were never 

enrolled). 

  

7 Photos from a student’s id card are 

required to be sent to UAM when they 

are added or updated in the ID card 

system. 

  

8 Secondary School details and NCEA 

results (from Year 12 onwards) should 

be sourced from SAP data (and 

populated in the UAM database) if this 

available at the time an applicant 

completes the form – and we have 

received their NSN. 

  

9 Scholarship information should be 

pre-populated in the UAM database, 

from SAP, if it exists at the time an 

applicant completes the form. 

  

10 Hard Copy Applications – for those 

students that submit a hard-copy 

application, Accommodation staff 

require the ability to create user 

accounts in the IMS (on their behalf). 

They can then manually enter the IMS 

ID into UAM and then push the 

relevant person message from the 

IMS. 

  

11 Non-Student Applications – the 

business require the ability to process 

applications for non-students also. 

These persons will still require the 

same IMS registration (entered 

manually by UAM staff) and be pushed 

from the IMS in the same way as is 

the case with manually entered 

student applicants. 
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3.4.1 Account Registration (online Student Applicants) 
 

 

 

 

  

281



 

UAM IMS Requirements Specification | Version: 4.0 | Status: Draft   Page 11 of 39 

From the ‘Sign up for a new account’ link: 

 

 

Clicking on the register Button will invoke the following message; 
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Confirmation Email from IMS 

 

 
 

 

Clicking on the ‘Complete your registration’ link will bring up the following message; 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The University 
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Student (and potential student) Application 

Clicking on the ‘Continue’ button opens up the Personal and Contact Details Page (tbd) 

 

 
 

 

 

 

 

Application for Accommodation 

*Required fields 
 

Your name 
Full legal name 
Important: Please ensure the name reflects the legal name on passport or birth certificate 

Title                                               

*First name 

Middle names 

*Last name 

Preferred name 
Use this section to indicate other names 

Do you have a preferred name that is different from your full legal name? ☐Yes ☐No  

Do you have a previous or maiden name?     ☐Yes ☐No 
 

Your contact details 
*Home phone  ☐ Preferred Contact number 

*Mobile phone  ☐ Preferred Contact number 

*Mailing address 

Start typing your address. If you have an overseas address select Enter Overseas Address, or if you can’t 
find your NZ address, select Manually enter a NZ address. 
 
        or     
 

*Home address       ☐ Same as Mailing address 
 

Your demographics 
*Gender       ☐Male ☐Female 

*Date of birth 

*Citizenship 

*Ethnicity 

Emergency Contact 
*Contact Name 

*Relationship 

Email 

Home phone * 

Mobile phone 

Work phone 

Address 
 

Your National Student Number (NSN) 
If you are applying as a New Zealand School Leaver then please provide your NSN 

NSNs are the unique numbers used to identify students on the New Zealand National Student Index 

 

Enter overseas address Manually enter a NZ Address 

Next 
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If a person selects a citizenship other than ‘New Zealand’, ‘Australia’ or ‘Cook Islands’ they 

are presented with this question (per the current AfUE) 

 

 
 

Click on Next once all Fields are populated and receive the following Confirmation message; 

 

 
 

Clicking on Continue will take you into the ‘Welcome’ page (with Profile Summary in top left 

hand corner) of the Accommodation Application. 

 

  

*Citizenship 
 
*Are you a permanent resident of New Zealand?  ☐Yes ☐No 
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3.4.2 Completing an Accommodation Application  
Once signed in or immediately after completing the Registration steps in Section 3.4.1 an 

applicant will be directed to the ‘Welcome’ page.  

 

Using the ‘My Application’ link starts the Application process. 

 

After selecting the type of applicant you are, and selecting ‘Save & Continue’ you are 

presented with your personal details. Note: the Personal and Contact Details pages are the 

same regardless of the Application type, e.g. School Leaver, International Student, or Other 

Applicants. 

286 UAM IMS Requirements Specification



 

UAM IMS Requirements Specification | Version: 4.0 | Status: Draft   Page 16 of 39 

 

For Type 1 Applications (School Leavers), the following additional question should be asked, 

if the NSN is not already in the IMS for the applicant; 

 

This will enable the retrieval of any stored NCEA exam results in SAP (e.g. year 12 NCEA) for 

Applicants. Given the sensitive nature of this data the results should be only populated in the 

database tables and not displayed to the applicant. 

 

 

This page would be pre-populated with data from the IMS. Click on Update personal details to 

go to the IMS and change or add data (see below).  

Clicking on the ‘Confirm & Continue’ button will take the user to the Contact Details page. 

 

Your National Student Number (NSN) 
If you are applying as a New Zealand School Leaver then please provide your NSN 

NSNs are the unique numbers used to identify students on the New Zealand National Student Index 

 
Next 
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The Add/Update IMS buttons will take the applicant to the following IMS pages to maintain 

their person data; 

Add/Update Address Details – IMS 

 

 

Click on Update Address 
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Note: When Entering an Address you can enter a Contact Name (required by 

Accommodation) 

 
 

This is then displayed as a ‘care of’ (or c/o); 
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Add Update Email & Phone – IMS 
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Add / Update Emergency Contact Details – IMS 
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Other Application Information 

 
1. NCEA Test Results and School Details 

 

Section 3 of the UAM Application (Section 4 for international applicants) requires Secondary 

School details and results, Proposed Tertiary Study and Scholarship information – some of 

which is asked for and stored in other University systems; 

 

This is the current page in the Accommodation Application 

 
 

For NZ School Leavers who have NCEA results – they will no longer be required to fill out 

section a) of this form – as we would have collected their NCEA result and school 

information from SAP at the time that entered their NSN. 

 

However, the section will need to remain (and be re-worded accordingly). See sample 

below; 
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2. Scholarship Information 

Section c) of this application page should stay as it is. However, we will also be importing 

any SAP scholarship information (i.e. whether an applicant has applied for a scholarship, 

and if so, the name of the scholarship) for accommodation applicants from the new 

Scholarship Management system. These will only relate to centrally administered 

scholarships and not those managed by the faculties. The Scholarship Management online 

application system is currently in development and is unlikely to be available to provide this 

information at Go Live. Instead this integration will be turned on when Scholarship 

Management is implemented. Given that the above question will remain in the application 

form, UAM will continue to capture this information manually from applicants. 

 

 

3.4.3 Synchronising Other Personal Data 
IMS Changes and Affiliation data 

When an affiliation (of interest to UAM) is added to or removed from a person that exists in 

the UAM database (i.e. a current applicant, and past or present University resident), a 

message should be published from the IMS and subscribed to by UAM to update the 

person’s record. The IMS will send all Affiliation changes to UAM for all IMS identities, but 

will update only those persons that exist in the UAM database, via an API. Note: UAM is 

interested in any change to a person’s identity record that is not captured by the processes 

in Section 3.4.1 and 3.4.2 of this document. 

The Affiliations of interest to UAM are;  
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a. Applicant 

b. Undergraduate Student 

c. Postgraduate Student 

d. Doctoral Student 

e. Alumni 
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Photos 

Along with the affiliation data - photos should also be published to UAM, and re-sent 

whenever they are updated in the ID card system – for students who are current 

accommodation applicants or residents (as with the affiliation messages). Currently, there 

is an outbound message from the ID card system which UAM will subscribe to receive newly 

added or updated photos. 

Note: Given the size of the files in relation to photos it will be necessary for the UAM 

administrators to clean out photos that are not required on a regular basis, e.g. for those 

applicants that never become residents. 

 

3.4.4 Reports 
Once Affiliation data is interfaced into UAM, the business will be able to better identify 

persons who are either currently staying at a University residence and are not entitled to 

(as they are no longer or never were a student) or have an outstanding accommodation 

application but have been refused entry to a programme of study at the University. Reports 

are required to be written that will use the affiliation information of a person in the UAM to 

determine their eligibility to accommodation. 

Data required for the Report will be; 

a. UAM ID number 

b. UniversityID 

c. Legal Name 

d. Resident Status 

e. Resident Year 

f. Enrolment Term 

g. Enrolment Status 

h. Residence 

i. Current Affiliations 
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3.5.8 Configuration Data 

3.5.8.1 IMS Relationship Values: 
Currently the Accommodation application has a free text field for the description of an 

applicant’s relationship to their Emergency Contact. The IMS Emergency Contact is validated 

against the following ‘relationship’ values; 

 

Relationship Descriptions 

1. Aunt 

2. Brother 

3. Daughter 

4. Employee 

5. ExSpouse 

6. Father 

7. Father-in-Law 

8. Flatmate 

9. Friend 

10. Grandchild 

11. Grandfather 

12. Grandmother 

13. Guardian 

14. Mother 

15. Mother-in-Law 

16. Neighbour 

17. Nephew 

18. Niece 

19. Non-Qualified Adult 

20. Other 

21. Other Relative 

22. Partner 

23. Self 

24. Sister 

25. Son 

26. Spouse 

27. Uncle 

 

3.5.8.2 Ethnicity 
Below is a comparison of the Ethnicity values in the IMS and the current UAM 

application. UAM will be required to bring their values in line with the IMS. 

 

IMS Value UAM Value Comments 

Australian Australian  

British and Irish British UAM has these listed separately 

Cambodian Cambodian  

Chinese Chinese  

Cook Island Maori Cook Island Maori  

Dutch Dutch  

Fijian Fijian  
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Filipino Filipino  

German German  

Greek Greek  

Indian Indian  

 Irish See above 

Italian Italian  

Japanese Japanese  

Korean Korean  

Latin American/Hispanic Latin American/Hispanic  

 Malaysian Not in IMS 

Middle Eastern Middle Eastern  

Niuean Niuean  

North American North American  

NZ European/Pakeha NZ European/Pakeha  

NZ Maori NZ Maori  

No Response  Not in UAM 

Other  Not in UAM 

Other African Other African  

Other Asian Other Asian  

Other European Other European  

Other Pacific Island Other Pacific Island  

Other South East Asian Other South East Asian  

Polish Polish  

African South African/African No South African group in IMS 

 South African/European No South African group in IMS 

Samoan  No Samoan group in UAM 

South Slav South Slav  

Sri Lankan Sri Lankan  

Tokelauan Tokelauan  

Tongan Tongan  

Vietnamese Vietnamese  

 

3.5.8.3 Citizenship & Residency 
In UAM there are currently only 4 Citizenship Groups; 

1. NZ Citizen 

2. Australia Citizen 

3. Permanent Resident 

4. Overseas 

In the IMS Citizenship equates to the Country Code on an individual’s passport – currently 

there are 255 country codes (per SAP Country table). The residency will be derived from the 

Citizenship (in the IMS), i.e. New Zealand and Australian citizens will be given residency of 

NZ and Australia. All other persons will be required to disclose whether or not they are 

permanent residents or if not, they will be deemed to be ‘Overseas’. 
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3.5.8.4 Address Regions 
In UAM there are currently only 16 Regions available against the physical address. These 

are; 

1. Auckland 

2. Bay of Plenty 

3. Canterbury 

4. Gisborne 

5. Hawkes Bay 

6. International 

7. Manawatu Wanganui 

8. Marlborough 

9. Nelson 

10. Northland 

11. Otago 

12. Southland 

13. Taranaki 

14. Waikato 

15. Wellington 

16. West Coast 

In the IMS there is no Region validation. Instead, for NZ address there is in-built validation 

as you enter the address. For some foreign address there is State or County validation 

based on the country selected.  
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3.6 Configuration Requirements 

Given the difference in some of the values stored in the IMS for Countries, 

Citizenship and Ethnicity, it will be necessary to change the current edit table values 

in UAM to be in alignment. Additionally, if the affiliation is to be brought into UAM 

there may be some configuration required to store these. 

 

3.7 Non-Functional Requirements 

 

3.7.1 Security 
With the change to have users sign into the UAM Application using their IMS 

credentials, the sign-on security within UAM will have to be re-written to accept the 

IMS ID and passwords. It will be no less secure than it is currently and there should 

be no need for any change to roles and security profiles within UAM. This will be 

detailed as part of technical specification. 

3.7.2 Performance 
A change to master login information and personal and contact data within the IMS 

adds extra complexity and with it, potential for performance degradation. Any web 

service or messaging from the IMS to UAM should happen in near-real time, as it 

does with similar interfaces between the IMS and the AfUE or IMS and SAP. The 

users should not notice that they are in fact in another system and any transferring 

between the two should be seamless. 

3.7.3 Training 
Training will be required for UAM staff in regards to how the IMS should be used by 

Accommodation Applicants. There may be additional affiliation functionality within 

UAM that staff need to be trained in also. 

3.7.4 User Documentation 
This specification will provide the necessary information for staff to understand any 

new functionality and how the Application process will work once integrated with the 

IMS. 

3.7.5 On-going support and maintenance 
The UAM system is currently and will continue to be supported by SMS. The 

Integration with the IMS will be supported by IT Service. 
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3.7.6 Technical Approach – API’s and Web Services 
The UAM system has a number of Application Programming Interfaces (API) available to 

load data from external systems. UAM will subscribe to the existing IMS Person message2 

using the University’s Enterprise Service Bus (ESB) to create a web service to pass and filter 

the data coming from the IMS, which will then be processed by the relevant API. 

 

3.8 Testing 

 

3.8.1 Test Scenarios 

Req # Test Scenario Expected Outcome 

1 Add a new Accommodation Application 

for a new user – not previously 

registered with the University 

Accommodation Application submitted 

– UAM and IMS are linked using the 

University ID 

2 Modify an Accommodation Application for 

a new Applicant using IMS credentials to 

log in 

Can access Accommodation Application 

using IMS login credentials  

2 Add an Accommodation Application for a 

user who has previously filed an 

application in the AfUE – and does not 

have all the necessary personal and 

contact details in the IMS 

Can create an Accommodation 

Application and required fields show up 

on the personal and contact details 

pages in the UAM application. 

2 Add an Accommodation Application for a 

user who was a Friend of the university 

and already has an University ID and 

password 

Can create an Accommodation 

Application and required fields show up 

on the personal and contact details 

pages in the UAM application. 

2 Change some personal details for an 

Applicant while completing step1 of the 

UAM application 

Personal detail changes can be made 

from using the link to the IMS. Upon 

save the user is returned to the UAM 

Accommodation Application where the 

changes are reflected on the personal 

Details Page. 

2 Change some contact details for an 

Applicant while completing step2 of the 

UAM application 

Contact detail changes can be made 

from using the link to the IMS. Upon 

save the user is returned to the UAM 

Accommodation Application where the 

changes are reflected on the Contact 

Details Page. 

3 Change some personal details for an 

Applicant directly in the IMS 

Personal detail changes are sent to 

UAM and update the database. 

3 Change some contact details for an 

Applicant directly in the IMS 

Contact detail changes are sent to UAM 

and update the database. 

4 Change an applicant’s affiliations from 

applicant to student 

Personal detail changes are sent to 

UAM and update the database. 
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4,5 Remove an accommodation applicant’s 

‘applicant’ affiliation in SAP, i.e. change 

their Programme Status to ensure it is 

NOT one of the following; 

AD(Approved) 

AP(Pending) 

PM(Prematriculant) 

WT(Waitlisted) 

Then run the Affiliation Report 

Personal detail changes are sent to 

UAM and update the database. The 

report runs successfully and shows the 

applicant whose status has changed. 

4,6 Drop a student (who is currently in a 

University Residence) from their 

programme of study. Then run the 

Affiliation Report   

Personal detail changes are sent to 

UAM and update the database. The 

report runs successfully and shows the 

applicant who has been dropped. 

11 Create an application for a NCEA student The Education page of the application 

will not ask for secondary school 

details 

11 Create an application for a CIE student The secondary school details and 

results questions on the Education 

page of the application will be 

displayed 

10 Upload a photo for an accommodation 

applicant, in the ID card system 

A photo will be sent to the UAM 

database for an existing applicant 

12 Enter a scholarship application in SAP for 

a person who has an active 

accommodation application. 

Scholarship information will be passed 

from SAP into the UAM database. 
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4 Approval and Change Control 
 

Version # Description of Change Author 

1.0 Initial draft   

2.0 Update following meetings with Accommodation staff  

3.0 Update following meeting with Development and 

Solutions Architects staff 

 

4.0 Update following conversations with the Integration 

Architecture office 

 

Review 

Date Name and Position 

  

  

  

  

  

  

  

 Approval 

Date Name and Position Signed 
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1. Summary 

1.1 Background 
The University Accommodation Management system, UAM, is a specialised student housing 

solution. Applicants for student accommodation register by completing an online application 

via a link from the University website. 

The Identity Management System (IMS) was introduced to the University in 2008 and is the 

University's system of record for identity information and primary web authentication. There 

is currently no automated integration between UAM and the IMS. 

In order to bring some efficiency and provide a better user experience for students it is 

desirable to integrate the UAM system with the IMS – ensuring that a student only needs to 

register and update personal data in one system. Additionally, it would be beneficial to pass 

various affiliation information from other University systems to UAM to keep them informed 

of any student’s status changes. 

1.2 Glossary of terms 
Term Meaning 

UAM 

 

University Accommodation Management (UAM) system is the 

University’s specialised student housing solution. 

SAP The Student Administration Platform. 

IMS The Identity Management System (IMS) is the University’s master 

repository for Personal Data. It stores and maintains details of all 

persons that the University has a relationship with, including 

students, staff, visitors, alumni and contractors. 

AfUE Application for University Entrance. This is an application for 

recording applications for admission to programmes of study at the 

University. It interfaces with the IMS for the Personal and Contact 

details of the applicants. 

ULN University Login Name – assigned to persons in the IMS when an 

Identity becomes resolved. 
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2. Solution Overview 
When a prospective or current student wants to submit an online Application for 

Accommodation at the University they will use the links currently provided on various web 

pages, e.g. the University Home page ‘Accommodation’ link, or via the Application for 

University Entrance (Accommodation Services link).  

The solution for accommodation follows the pattern already established for similar  web 

forms like the Application for University Entrance. Applicants visiting the Application for 

Accommodation for the first time will be required to register themselves in the IMS and 

provide all the necessary personal data.  The applicant will then be transferred back to the 

accommodation form where their personal data will be displayed ‘read only’. A link back to 

the IMS will be provided in order that applicants can update personal data at any time. 

Additionally, it would be useful for Accommodation staff to have basic student-related 

information provide to UAM from other systems, to assist them in processing an applicant’s 

request for accommodation.  
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3. Use Case Diagram 
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4. Actors 

4.1 Applicant 
Actor Applicant 

Description The person who wants to submit an application for Accommodation at 

the University. 

Example Prospective or current student 

4.2 UAM administrator 
Actor UAM administrator 

Description The person who processes an applicant's request for accommodation. 

Example Accommodation staff 

4.3 IMS 
Actor IMS 

Description The Identity Management System (IMS) is the University’s master 

repository for Personal Data. It stores and maintains details of all 

persons that the University has a relationship with, including students, 

staff, visitors, alumni and contractors. 

4.4 ID card system 
Actor ID card system 

Description The University's ID card system. 

4.5 SAP 
Actor SAP 

Description The Student Administration Platform. 

 

  

316 UAM/IMS Integration Use Case Model



 

UAM IMS Use Case Model                                                                                                            Page 6 of 17 
 

 

5. Use Cases 

5.1 Make a new application 
Actors Applicant or UAM administrator 

Trigger The applicant wants to submit an application for Accommodation at the 

University. 

Prerequisites None. 

Post-conditions The applicant or the UAM administrator will have completed an 

Accommodation Application successfully. 

Normal flow of 

events 

1. The 'Account Login' section on the University Accommodation Home 

page directs the user to the IMS for Sign in (see use case “Account 

login”). 

2. Once the applicant has either logged in or registered (in the IMS) and 

completed their verification, the applicant can begin a new Application, 

by selecting the 'My Application' link from the home page. 

3. The applicant selects their application type and clicks on 'Save and 

Continue' – they will be transferred to the 'Personal Details' page (see 

use case “View/update personal details”). 

4. The applicant is then transferred to the 'Contact Details' page in the 

Accommodation Application (see use case “View/update contact details”) 

after viewing or updating their personal details. 

5. The applicant completes the remaining parts of the Accommodation 

application. 

Variations If the applicant submits a hard-copy application or the applicant is not a 

student, a UAM administrator will enter the application for them (see use 

case “Manually enter IMS ID”). 

Use Case 

associations 

The related use cases are: 

 Account login 

 View/update personal details 

 View/update contact details 

 Manually enter an IMS ID 
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5.2 Account login 
Actors Applicant, IMS 

Trigger The 'Account Login' section on the University Accommodation Home page 

directs the user to the IMS for Sign in.  

Prerequisites None. 

Post-conditions The applicant will have been successfully logged in. 

Normal flow of 

events 

1. The 'Account Login' section on the University Accommodation Home 

page directs the user to the IMS for Sign in. 

2. For someone who has previously registered with the university, they 

can use their University ID (7 character number), ULN (if they are 

already a student) or the personal email address they used to create 

their account. 

3. The applicant is being redirected to the 'Welcome' page in the 

Accommodation Application once signed in. 

Variations If the applicant is new to the University then the applicant will be taken 

to the IMS registration screen (see use case “Register a new account”). 

Use Case 

associations 

This use case is extended by the “Register a new account” use case. 
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5.3 Register a new account 
Actors Applicant or UAM administrator, IMS 

Trigger 1. The applicant is being taken to the IMS registration screen before 

completing an Accommodation Application, or 

2. The UAM administrator creates an IMS identity on behalf of an 

applicant. 

Prerequisites The applicant is new to the University. 

Post-conditions The applicant or the UAM administrator will have successfully completed 

the registration. The applicant can return to the Accommodation portal – 

Home page and lodge an application. 

Normal flow of 

events 

1. The applicant is taken to the IMS registration screen. 

2. The applicant is required to enter the following; 

 Email Address 

 First Name 

 Last Name 

 Password 

3. Following completion of this form and acceptance of the terms and 

conditions the applicant will be sent a confirmation email. 

4. The applicant is required to complete the verification by clicking on the 

'Complete Your Registration' link and populating the following 

information (some of which is compulsory). 

 Title  

 Middle Names  

 Preferred Name  

 Previous Name 

 Mobile Phone Number (required) 

 Home Phone Number (required) 

 Correspondence Address (required) 

 Gender (required) 

 Date of Birth (required) 

 Citizenship (required) 

 Residency (if not an NZ citizen) 

 Ethnicity (required) 

 Emergency Contact details (required) 

 National Student Number (NSN) 

5. Once this page is complete, the applicant can return to the 
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Accommodation portal – Home page and lodge an application. 

Variations None. 

Use Case 

associations 

None. 
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5.4 Manually enter an IMS ID 
Actors UAM administrator 

Trigger 1. The UAM administrator enters an application on behalf of an applicant, 

or 

2. The UAM administrator processes applications for non-student 

accommodation residents, who are currently entered into UAM through 

the Administration pages, or 

3. The UAM administrator processes applications for those students that 

submit a hard-copy application. 

Prerequisites None. 

Post-conditions The UAM administrator will have successfully gathered the personal data 

from the IMS. 

Normal flow of 

events 

1. The UAM administrator enters an application on behalf of an applicant. 

2. The UAM administrator creates the identity in the IMS first (see use 

case “Register a new account”). 

3. The UAM administrator enters the IMS ID number into UAM manually. 

4. The UAM administrator pushes the person message from the IMS in 

order to populate the required personal data fields. 

Variations None. 

Use Case 

associations 

This use case includes the use case “Register a new account”. 
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5.5 View/update personal details 
Actors Applicant, IMS 

Trigger The applicant is being transferred to the 'Personal Details' page in the 

Accommodation Application. 

Prerequisites The applicant has logged in. 

Post-conditions The information on the 'Personal Details' page in the Accommodation 

Application will be updated with whatever was saved in the IMS. This will 

be a near real-time update. 

Normal flow of 

events 

1. The applicant is being transferred to the 'Personal Details' page. All 

fields are display only on this page. 

2. The applicant can maintain their own data by clicking the link 'Update 

Personal Details' on the page. This link will transfer the user to the IMS 

(in a new browser window). 

3. The applicant returns to the 'Personal Details' page after updating 

their information in the IMS. 

Variations None. 

Use Case 

associations 

None. 
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5.6 View/update contact details 
Actors Applicant, IMS 

Trigger The applicant is being transferred to the 'Contact Details' page in the 

Accommodation Application. 

Prerequisites The applicant has logged in. 

Post-conditions The information on the 'Contact Details' page will be updated with what 

was saved in the IMS. 

Normal flow of 

events 

1. The applicant is being transferred to the 'Contact Details' page in the 

Accommodation Application - all fields are read only with three separate 

buttons to link to different parts of the IMS for adding and/or update 

Addresses, Phone & Email and Emergency Contacts details. 

2. A new browser window will be opened in the IMS on the appropriate 

page – and when saved will push a near-real time message to the 

Accommodation system to update anything that has changed. 

3. The applicant returns to the 'Contact Details' page after updating their 

contact information in the IMS. 

Variations None. 

Use Case 

associations 

None. 
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5.7 Synchronise affiliation data 
Actors IMS 

Trigger When affiliations are updated (or when a user is initially sent to the 

Accommodation system). 

Prerequisites None. 

Post-conditions The UAM system has up to date information relating to an applicant's (or 

current resident's) status with the University. 

Normal flow of 

events 

1. When an affiliation (of interest to UAM) is added to or removed from a 

person that exists in the UAM database (i.e. a current applicant, and past 

or present University resident), a message is published from the IMS and 

subscribed to by UAM to update the person's record. 

2. The IMS sends all Affiliation changes to UAM for all IMS identities, but 

updates only those persons that exist in the UAM database, via an 

Application Programming Interface (API). The Affiliations of interest to 

UAM are; 

 Applicant 

 Undergraduate Student 

 Postgraduate Student 

 Doctoral Student 

 Alumni 

Variations None. 

Use Case 

associations 

None. 
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5.8 Add/update student’s ID photo 
Actors ID card system 

Trigger When a new photo is added or updated for a student who is a current 

accommodation applicant or resident. 

Prerequisites None. 

Post-conditions The photos for students are being updated in the UAM system. 

Normal flow of 

events 

1. A message is published from the university ID card system every time 

a new photo is added for a student. 

2. The UAM system updates the photos for students who are current 

accommodation applicants or residents whenever it receives a message 

from the ID card system. This updates the UAM database directly via an 

API. 

Variations None. 

Use Case 

associations 

None. 
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5.9 Retrieve secondary school details and NCEA results 
Actors Applicant, SAP 

Trigger When an applicant selects the 'School Leaver' option for the 

Accommodation Application type. 

Prerequisites The applicant has logged in. 

Post-conditions Secondary School details and NCEA results (from Year 12 onwards) will 

be sourced from SAP data (and populated in the UAM database) if this is 

available at the time an applicant completes the form – and we have 

received their National Student Number (NSN). Any stored NCEA exam 

results in SAP will not be displayed to the applicant. 

Normal flow of 

events 

1. When the applicant selects the 'School Leaver' option on the UAM 

application form, the applicant will be prompted for their National 

Student Number (NSN) if it is not already stored against their IMS 

identity. 

2. When the NSN number is entered, or on confirmation that it has been 

entered, a web service will pull all relevant NCEA test data and school 

information from the SAP database. The applicant is no longer required 

to fill out the section on secondary school details in the Accommodation 

Application. 

Variations None. 

Use Case 

associations 

None. 
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5.10 Enter scholarship information 
Actors Applicant, SAP 

Trigger When an applicant answers the section on University scholarship as part 

of the Education question in the Accommodation Application. 

Prerequisites The application has logged in. 

Post-conditions Scholarship information will be pre-populated in the UAM database, from 

SAP, if it exists at the time an applicant completes the form. 

Normal flow of 

events 

1. The applicant answers information on whether he or she has 

previously applied for or intends to apply for a scholarship in the 

Accommodation Application. 

2. If an applicant has previously applied the information relating to this 

application is currently stored in SAP (though in the future this will be in 

Scholarship Management system) and could be retrieved by a web 

service and posted directly to the UAM database via an API. 

3. The current scholarship question will be left in space, for cases where 

applicants intend to apply or have applied for a scholarship that is not 

centrally managed, i.e. some faculties manage their own scholarships. 

Variations None. 

Use Case 

associations 

None. 
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5.11 Run report 
Actors  

Trigger Once Affiliation data is interfaced into UAM, the business will be able to 

better identify persons who are either currently staying at a University 

residence and are not entitled to (as they are no longer or never were a 

student) or have an outstanding accommodation application but have 

been refused entry to a programme of study at the University. Reports 

are required to be written that use the affiliation information of a person 

in the UAM to determine applicant's eligibility to accommodation. The 

requirements for the report is: 

 To identify persons with current accommodation applications who 

are not current students and whose applications for admission 

have been declined. 

 To identify current University residents who are no longer active 

students (or were never enrolled). 

Prerequisites None. 

Post-conditions Data required for the Report will be; 

 UAM ID number 

 UniversityID 

 Legal Name 

 Resident Status 

 Resident Year 

 Enrolment Term 

 Enrolment Status 

 Residence 

 Current Affiliations 

Normal flow of 

events 

 

Variations None. 

Use Case 

associations 

None. 
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