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Abstract.

Computer programming has been in existence since the 1940’s and the traditional approach to the development of software has been by individual programmers. Many commentators have made reference to the ‘crisis’ in the software industry resulting from an inability to match continually evolving user requirements, ineffectual and inflexible management methodologies, human error and the crippling costs of software modification. If the software industry is to tackle problems such as these it must continually strive to develop alternative techniques that will address these issues. An alternative approach, Pair Programming, has been proposed where the development of software is undertaken as a collaborative pair. As yet this approach has not been accepted as a mainstream technique. There remains much debate about its proposed strengths and inherent weaknesses. In this report the current literature is examined to establish in what direction research has been undertaken. An industry-based questionnaire has been conducted to gather existing attitudes towards this technique and an empirical study carried out, in which common tasks involved in the software development process are undertaken by an individual programmer and as a pair, so that results can be compared. The results of this research are discussed and used to formulate a set of guidelines aimed at providing support for the adoption and use of this technique.
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1 Introduction.

1.1 Aims and Objectives.

There are three main aims of the current research. The first is to gain a better general understanding of the nature of the process of Pair Programming. The second is to closely examine this process to identify its strengths and weaknesses and the third to develop guidelines to facilitate the introduction and adoption of this technique in a working environment. An overall objective is to give a comprehensive insight into the process so that those unfamiliar with its concepts will gain a more informed opinion of its viability and value.

To begin with, a summary of the current ‘Traditional’ approach to computer programming will be given, charting its beginnings and general evolution. A discussion will follow on the inherent problems faced by most software development organisations, financially, technically and socially. The concept of Pair Programming will be introduced as a variation on the traditional development approach. A definition will be given and references to its origin and use outlined. Using some empirical studies and anecdotal evidence the core principles as well as strengths and weaknesses will be stated. The wider implications of the use of this technique will be explored in relation to other HCI research in areas of group problem solving, brainstorming and common ground. 

A questionnaire has been designed and sent out to professionals in the software development industry. The results have been analysed in order to achieve a better understanding of the current attitudes to pair programming. The questionnaire data is split into two sections, one for those who have had experience of Pair Programming and another for those who have not. It is important to capture the main themes running through both sections in order to comprehend what factors prevent a greater uptake of this technique.

The nature of Pair Programming is then investigated through an empirical study. Several common activities found in the software development process have been identified and example tasks have been created. Comparisons will be made of how an individual and a pair complete these tasks in order to learn from the differences. Analysis of the results will be discussed and the findings used to develop a set of guidelines aimed at assisting the wider adoption of this technique. 

1.2 Traditional Approach.

The history of computer programming began with the development of Charles Babbage’s ‘Difference Engine’ in 1822. Tasks were carried out by setting gears in order to make the machine perform calculations. It wasn’t until the Second World War, when the British and American governments began to construct electronic computers to help break the codes the enemy used in communication, that the modern age of computing began. Still these early machines were similar to Babbage’s ‘Engine’ in that the entire system had to be rewired for each new program. Progress in the late 40s and early 50s saw the development of the first computer languages that did not require the programmer to translate ideas directly into binary with the use of computer programs known as compilers. The first major High Level language, FORTRAN appeared in 1957, developed by IBM for scientific processing and the trend of moving towards solving problems in a more human-like way began.

Along with the development of computer programming languages there was also the development of methodologies to organise and control the software development process. Williams and Kessler [44] make reference to the evolution of these software development methodologies and define four different models. The first approach recognisable was the ‘Code-and-fix’ model, which may be thought of as ad hoc and has no formal structure. This simple method was to look at a problem, code a solution, test it and repeat the process until a satisfactory result was obtained. As software systems grew in requirements and scale, the deficiencies in this approach began to emerge. 

In 1970 Royce [35] published the ‘Waterfall’ process, which applied a more formal approach. The development process was broken into five stages:

· Requirements Definition

· System and Software Design

· Implementation and Unit Testing

· Integration and System Testing

· Operation and Maintenance

The waterfall metaphor refers to the practice that once a stage is complete then it is never revisited. Subsequent versions of this process have allowed slight iterations in the various steps but it has been widely accepted that this approach is not well suited to application areas where the requirements are rapidly changing.

Again as the requirements of modern software became increasingly demanding, the limitations of the waterfall approach, with its lack of adaptability to changing requirements, became apparent. Bohem [5] proposed the ‘Spiral’ model. This is based on the waterfall model and the first two steps, ‘Requirements Definition’ and ‘System and Software Design’ are completed as before. The next two steps, ‘Implementation and Unit Testing’ and ‘Integration and System Testing’ would be applied to individual sections of the design and taken to completion. Once accomplished the next chunk of the design would be attacked until the process was complete. Although this mitigates some of the risk of changing user requirements, performing the requirements and design for the whole system up-front still makes it relatively inflexible.

The final approach Williams and Kessler make reference to is XP or Extreme Programming [3]. In this process all five steps of the Waterfall process are carried out incrementally and often. The main intention of this method is to be as agile as possible to customer’s demands but also to retain the ability to work under budgetary constraints. Less emphasis is placed on the formal declaration of requirements documentation but rather the rapid development of functionality that more closely fits actual user needs, taking into account that they may change as the software becomes reality. The XP approach is not as yet mainstream but many of the benefits reported by its adoption are making this approach a growth area.

1.3 Inherent Problems in Software Development.

With the use of computers reaching ever further and further into our everyday lives we are all becoming aware of many of its limitations. Some groups have even gone as far as to label the inability of the current software development process to match up to requirements as a Crisis. A 2002 study by the U.S. Department of Commerce estimate that software defects cost the U.S. economy $60 billion (or 0.6 of GDP) per year. It is the continual failure of software projects to deliver on time, within budget and against specification that pushes up these costs. Often the problem is thought of as related to the initial development process and that once the system is in place the costs will subside. However Pressman [30] estimated that software maintenance accounted for 60% of the software budget for an information system organisation. With the majority of costs being associated with maintenance then the main industry focus should be on examining existing techniques to better understand how to deliver the long-term benefit of getting closer to actual user requirements. However the resulting trend in cost figures (the estimate for 2000’s maintenance figures of the overall budget is 80%) do not suggest that this is happening and perhaps that it is not even an achievable goal.

The technical problems facing the industry are also formidable. The ever-present issue of accurately understanding end-users’ needs persists. The fact that most people who design and build computer systems are not a representative sample of the general population compounds this issue. Computer scientists have generally a cognitive style that is analytical or abstract in nature; the majority are male and are very comfortable with technology [6]. This contrasts sharply with the general population as whole where it is estimated that 50% suffer from some form of Technophobia [34]. There needs to be a method of exploring multiple solutions to problems and selecting the most appropriate as opposed to going with the one most suited to the individual developer at the time. Experimentation on the human side of software development is required to ascertain if other approaches exist that deliver results that better match end-user requirements than are delivered by today’s methodologies.

As mentioned before during the discussion of methodologies, the challenge of dealing with evolving user requirements is regularly faced. Many of the issues in this area derive from the adopted business model. From the software developer’s point of view they derive their prices on formalised requirement, attempt to develop the software without deviation and hope for successful delivery. The fact, that in the process of developing the software, new issues become apparent and the full level of complexity is then realised, has not been designed into current methodologies. Conflict may occur at this point and is often termed ‘Scope Creep’ by the development side and regarded as inflexibility by the customer. There are many well-documented projects that have faced this problem and have often resulted in legal action and run-away costs. Jones [24] estimates that only 70 to 79% of projects that are undertaken actually reach completion, whilst Ambler [1] estimates that the information technology industry has an 85% failure rate in the development of large-scale, mission critical software.

Another technical issue is the quality of the software produced. Poor quality software results in models that don’t fit together, code that is hard to maintain and modify, as well as unacceptable performance levels. Research by Mills et al [26] into the approximate number of errors found in every 1000 lines of executable source code, during development of a software system, is estimated at 50 to 60. Although this is a relatively old statistic it still emphasises the point that writing computer programs involves making a lot of mistakes and with the trend of computer systems to get larger and larger the issue will only become more prominent. The economic impact is that the later an error is found in the development cycle, the greater the cost and effort required to fix it. There is a requirement for research into this area to develop methods that reduce the number of errors introduced during the software creation process rather than concentrating on improving methods of catching these errors once they are in place.

Modern software development mostly involves the organisation of a team of specialist individuals to produce a group product. Besides the financial and technical problems faced, there are also the social problems resulting from group dynamics and individual personalities. Weinberg [41] makes a distinction between three different personality traits, Compliant, Aggressive and Detached. He makes that case that most programmers possess the Detached trait, preferring to be left to themselves and to be creative. They may appear detached from other people but retain attachment to the computer programs they create, seeing them as an extension of their own ego. This tendency causes conflicts in group situations and can lead to the individuals goal conflicting with the group. A severe problem as a result of this is trying to overcome the over protective reaction of many programmers to criticism of their work. Weinberg makes reference to Cognitive dissonance, which is a psychological phenomenon [17] that refers to the discomfort felt at a discrepancy between what you already know or believe and new information or interpretation. In practice this may show itself in many programmers as a resolute belief that problems lie elsewhere, rather than in their own code, even when faced with hard physical evidence to the contrary.

Weinberg promotes the development of ‘egoless programming’ where the ownership of the various computer programs involved belongs to the group and not a series of individuals. Any techniques that encourage a more collaborative approach to development would move emphasis from individual responsibility to group responsibility. 

Many software organisations employ the use of coding standards that set out a prescribed approach to writing code. By adopting these standards, it is hoped that each programmers code will be written in the same way and lack individual peculiarities, which often make the comprehension of it by others so difficult. This cuts down the organisation’s dependency on lone individuals and theoretically all group members should be able to maintain the software as a collective whole. Techniques such as code reviews, where a peer will step through a colleagues work before release are intended to add a second eye to people’s work but often this process is fraught with conflicts and is neither comfortable for the author nor the reviewer. Despite supporting evidence that the use of code reviews produces software with fewer errors at a considerable cost saving [19], a survey by Johnson [23] reported that 80 to 90% of respondents practiced inspection irregularly or not at all. It is only during these code reviews that the group can ascertain if coding standards have been met, but by this time, compelling a programmer to rewrite the code so that it conforms becomes difficult to enforce. Many attempts have been made to encourage these practices but often the pressures of time and costs let individuals slip into their old routines. This is a clear example where good practice is neglected because the social factors involved hamper its adoption.

Software development is a human endeavour. Traditional approaches have relied upon formalising the process into a series of step-wise methodologies attempting to remove much of the unpredictability of the human input. Many of these methodologies are inflexible and incapable of adapting to changing circumstances. Views on why there is such a high failure rate in the software development often claim that these methods are incapable of handling the complexities of large-scale software development [18] in today’s chaotic business world. A more radical viewpoint by Cockburn [7] maintains that traditional methods do not place enough emphasis on the associated personnel issues.

With the range of problems outlined previously, such as the crippling costs of software modification, matching continually evolving user requirements, ineffectual and inflexible management methodologies, human error and conflicting group and individual goals, the software development process must begin to examine alternative approaches in the search for the solutions to these problems. One such alternative is a movement towards collaborative development or Pair Programming.

1.4 The Concept of Pair Programming.

Pair Programming has been defined as:

‘Where two programmers develop software side by side at one computer. The two programmers work collaboratively on the same algorithm, design and programming task. One person is the “driver” and has control of the pencil/mouse/keyboard and is developing the design or code. The other person, the “observer”, continually and actively examines the work of the driver – watching for defects, thinking of alternatives, looking up resources, considering strategic implications of the work at hand, and asking questions. The observer identifies tactical and strategic deficiencies in the work.’ [45]

This is not a new technique and there have been reports of its informal use back as far as 1972 [43 pg 11]. It is recommended that partners should switch roles frequently and pairs should not remain fixed, allowing individuals to rotate and collaborate on different assignments. More recently it has come to attention because of it use in the recent eXtreme Programming (XP) methodology [3] and its insistence that all code produced through this method should be written by pairs. This is not a universal rule and many organisations would not be suited to such a dramatic change in their working practices. Application of this technique should be appropriate to the requirements of the adopting organisation. 

In order to more fully understand what Pair Programming entails the next two sections will explore what potential weaknesses and strengths can be envisaged by its potential use.

1.4.1 Strengths of Pair Programming.

From a historical perspective, programming has always been an individual task. Initial reactions to Pair Programming often get no further than ‘It’s two people doing the work of one’. What justification then is there for the use of this technique? Cockburn & Williams [8] outline eight areas where there can be advantages from the use of this technique. 

1. Economic.

2. Increased Satisfaction.

3. Improved Design Quality.

4. Continuous Reviews.

5. Problem Solving.

6. Learning.

7. Team Building.

8. Staff Project Management.

The first and probably the most contentious is Economic. If the affordability of this technique cannot be proved then it is unlikely to be adopted. Building on earlier work by Nosek [28] and from various anecdotal evidence, Williams and Upchurch constructed an empirical study  [45]. The experiment involved advanced undergraduates as individuals or in pairs, completing coursework assignments. They argue that for a 15% increase in overall person hours there is a 15% decrease in the number of defects in the resultant code. Their results strongly disagree with the theory that doubling the resources effectively doubles the time taken to completion, and suggests that there is more going on in the process than is at first obvious. In this case the argument for economic benefits relates to the previously mentioned belief that the earlier a defect is found, the less expensive it is to correct further down the line.

However Cockburn & Williams have been criticised for their experimental design [46] and questions were raised as to the validity of their results. Firstly the experiment was not independently run and most of the students involved were aware of the author’s vested interest in collaborative problem solving, as it is the mainstay of their research. They have been accused of ignoring the Hawthorne effect, where there is a tendency to better short-term performance when knowingly under scrutiny, with pairs tending to perform positively to agree with the researchers expected outcome and vice versa. Secondly, the participants involved were students and not professional system developers and so extrapolating the results into a commercial environment is not wholly valid. Finally, of the four experimental trials or assignments used to collect the results, the first was dismissed as atypical as the pairs were ‘gelling’ and the last did not result in any usable data, technical reasons having precluded any accurate timing being recorded. Discounting half of the experimental data diminishes the overall validity of the research.

Cockburn & Williams second reason is that Pair Programming leads to increased levels of satisfaction. If employing this practice is less satisfying it will face opposition from programmers preferring to continue with solo programming methods. Evidence for satisfaction levels was gathered from anonymous surveys of professional and student pair programmers. Generally they reported that most programmers enjoyed programming collaboratively and if offered the choice would use the technique again. This conclusion must be tempered with caution as Hayes [21] points out most of this evidence comes from studies based on students and little from industry where the environment is inherently more stressful. Surveys were conducted after relatively short periods of development and may not be indicative of prolonged exposure.

The third reason is the Design Quality in the resulting code delivered. With two people working on the design it is believed that more ideas and alternatives will be considered. Reference is made to Distributed Cognition and to the phenomenon that two people working together can achieve more than the individuals working on their own. Results from Cockburn & Williams experiments also reported that designs delivered by pairs were of superior quality and generally implemented in fewer lines of source code, often a sign of more efficient and elegant code.

The fourth reason that is offered is the presence of Continuous reviews. As previously mentioned the use of code reviews is generally accepted as a beneficial part of the software production process. Having a partner continually observe progress catches many simple errors unseen by the driver, thus leading to cleaner compiles. It also makes it more likely that coding standards will be followed, as there are two sets of eyes to enforce the rules. The problem with carrying out a code review once the code is written is threefold. Firstly, by editing the code as a result of the review raises the potential risk of introducing fresh errors. Secondly, there is reluctance on the part of the programmer to take a working piece of code and amend it just so that it follows standards. Finally, reviewers have to walkthrough code with which they are not entirely familiar which weakens their ability to spot mistakes. Having a partner continually present integrates code reviews invisibly into the ongoing process and removes the need for a separate code review stage. 

The fifth benefit is the reported decrease in the time taken to solve problems. Most evidence supporting this benefit is anecdotal [28,44,45] but it is possible to imagine that this is true. Partly to do with the ‘two heads are better than one’ effect, it allows individuals to take a problem as far as they can and if stuck their partner can take over in a sort of a ‘tag team’ situation. The presence of another person also helps to focus on the problem at hand and keep the problem solving momentum going. Much reference is made to the common experience of having struggled with a problem for some time, then suddenly by the simple articulation or explanation of the situation to another person a solution is obvious.

Learning is reported as the sixth advantage and is judged to increase within pairs with the constant swapping of knowledge. It might be thought that the stronger partner will complete most of the work, diminishing the learning experience for the other partner. However McDowell et al [27] studied the performance of student pairs against individuals and found that the pairs had a higher average score on the final exam than those who worked as individuals, suggesting that both individuals benefited from the experience. 

The most obvious form of increased learning will be in the situation of a novice and an expert where the novice can be exposed to working environment in a real hands-on way. It is often very difficult for new members joining a team to contribute until after a period of time involving background reading and being ‘dropped in at the deep end’. Allowing a new member of a team to work in a pair eases this transition and they can add value from the start. This relationship is not one-way; often the expert reports that by having to explicitly express their logic often results in a fuller understanding of their own methods. 

Combining people with different specialities could also bring possible benefits so that both people’s experience complements each other, improving on the individual situation are requiring less up-front learning. An example case of this [43] relates the occasion when a pair worked together on a new interface and one partner was skilled in the GUI area whilst the other had in-depth knowledge of the database. They commented that development momentum was constant as each partner took over at times when their skill was needed but both felt they had learned much more than they would have done if they had been working on their own.

A final advantage that pair collaboration brings is the combination of two novices. During Williams & Kesslers [42] research on pair programming, as a technique used to teach computer programming, they noticed that there was a much lower number of questions asked by students than on previous versions of the course, where students worked as individuals. Having a partner present meant that when a question arose it would be discussed by the pair first and between the two the problem was usually solved without the need to refer to the teaching staff. If this type of pairing was extended to an industry setting, novice programmers could work together and reduce the level of supervision required by the other more senior staff, while at the same time learning from each other.

The seventh reported benefit is the contribution towards Team Building and Communication. Williams et al [43] reported greater team spirit and overall all-round improved communication. It is common practice for most companies to invest in techniques and courses such as ‘away days’ to improve team building and communication. By adopting pair programming there will be an initial learning curve as individuals adjust to sharing responsibilities and workload. However by changing to this mode, communication will increase between group members and the shift in emphasis from individuals owning parts of the system to group responsibility can deliver a higher quality product.

The final advantage that Cockburn & Williams make reference to is in the area of Staff and Project Management. Often an inherent problem in most teams is the over reliance on one individual in the team, commonly known as the ‘Hero Programmer’. This can lead to many problems including conflicts with individual and team goals and the risk of project failure if this person is ill or leaves the team. With pair programming each piece of code developed has been done in a pair so at least two people have full knowledge of its functionality. It is also recommended practice that pairs are not fixed and should mix within the team to spread the knowledge further and also to decrease the dependency on any one individual. Spreading the application knowledge more equally between team members will ease the project manager’s job when resourcing new tasks as there are more members of the team with experience in multiple areas.

If by adopting this approach it could guarantee delivery of these aforementioned benefits, Pair Programming would be much more prevalent in the software industry. However the benefits derive from a move to a collaborative approach which centres around social activity, an element which is very difficult to control and predict. The danger is that if the social element does not function then it is unlikely that any benefits will be delivered. 

In the next section a closer examination of the possible pitfalls are outlined to gain further understanding of where the weak points of Pair Programming lie.

1.4.2 Weaknesses of Pair Programming.

As with any new technique there are also many potential weaknesses. Based on several anecdotal accounts [43,46,47] the following six have been identified:

1. Conflict.

2. Negative Impact on Co-Workers.

3. Infrastructure Support.

4. Increased Cognitive Load – Fatigue.

5. Pair Compatibility.

6. Managerial Control.

The first and often most cited is the issue of Conflict. As the responsibility is now split between a pair there will be many disagreements on proposed solutions. In a commercial environment the pressure for results is much greater than in a student situation, where a lot of the empirical evidence has been derived, and an effective way of conflict resolution must be sought. This issue also raises the problem that all decisions will be made by the dominant partner in the pair and thus the benefits of two minds are not realised. Pair programming is not a technique suitable for all people. Cross [10] portrays the typical computer programmer:

“We can say with a relatively high level of confidence that the programmer is an individual who wishes to avoid confrontation with other individuals, wishes to avoid aggressive behaviour, seeks a stable, secure environment in which to work and in general is willing to accept a lower level of interaction with others as part of his work situation.”

Many programmers may prefer to work in isolation; explicitly requiring such people to collaborate can cause stress and lead to personality clashes.

Another major problem is the effect of pair programming on the general working environment. Firstly, as the problem-solving medium moves from an internal dialogue to an exterior one, noise levels will rise. This will have an impact on co-workers who may find it hard to concentrate with the extra noise level as well as contend with perhaps many heated discussions. There are also implications resulting from the increased dependency on partners where individual schedules will have to be synchronised for effective collaboration and individuals’ levels of privacy will be affected.

Most workplaces are designed to support the needs of one person. With the change to working as a pair the working environment must be able to adequately satisfy each person in the relationship. It is recommended that pairs swap partners frequently and so each person’s workstation must be capable of supporting both individuals’ needs. Individuals have a tendency to personalise their workstation and losing this personalisation can be very frustrating and a hindrance to smooth development. Workstation space will become an issue as well, where a confined environment may not hinder an individual, the impact on a pair of cramped conditions could be much more detrimental. A final consideration is that management may resent the apparent redundancy of resources, when pairs are collaborating one workstation will be un-used.

With the switch to collaboration there is an increase in the cognitive load on the individuals involved. The requirement of verbalising each decision and the burden of constructing frequent arguments in support of design decision may lead to fatigue [47]. There may be a need for concentrated extended periods of development. This frequently occurs in industry and lone programmers regularly produce results in this way. It remains to be seen if pairs can complete such tasks with the same effectiveness.

Pair Compatibility is seen as crucial to most collaborative activities. Combining ill-matched people could produce disastrous results,. How can this be avoided? The stakes in Pair Programming are much higher. If the pair do not function well, two resources are affected and thus the risks of using this technique are much higher than using a traditional approach. Introducing a technique which increases risk in an already complex and difficult situation may not seem a reasonable step to take. Apart from personality compatibility there is also the issue of experience levels. If a pair consists of an expert and a novice what benefit will the novice bring to the situation?

For the manager there is the problem of Managerial Control and how to effectively motivate each member of a team. The traditional approach is to recognise performance and reward based on the individual’s achievement. The manager will now be given a more difficult task of how to recognise individual performance whilst recognising the performance of the team as a whole. This has impacts for the individual as they are no longer judged on their performance alone but that of the group. Some may see this as a hindrance and feel that the less capable members of the group are holding them back. It could also cause certain members of the group to avoid working with individuals who they regard as less competent and generally have detrimental impact on team morale. 

Examining the presented weaknesses, all apart from Infrastructure Support relate to social aspects or the human factor. With the increasing problems in the software development process, there is perhaps a need to switch emphasis away from improving the technical aspects and methodologies, and begin to examine the social issues that are inherent in the very human activity of computer programming.

1.5 Wider HCI Consideration.

Having considered Pair Programming in detail, it is now pertinent to take a step back and reflect upon it in the wider context of HCI. A fundamental mission of HCI is to bring Psychology and other sciences such as Sociology to bear upon design [37]. The move towards collaborative problem solving in Pair Programming has lots of ties with current HCI research, but as yet no significant overlap has been examined. Research by Halasz & Morgan [20] demonstrated that by explicitly teaching a naive user an appropriate mental model of a system it could prove an effective psychological basis for operating the machine. Extending this to collaboration, and considering the effects of supporting Common Ground in the communication process, the development of early shared mental models will benefit those involved. Applying such research into the area of Pair Programming it may be possible to improve upon this collaborative activity.

Often mentioned in the literature are the benefits attributed to Brainstorming. The technique first came to the attention of psychologists after Osborne [29] published ‘Applied Imagination’ in 1953. Osborne claimed that if his rules for brainstorming were followed - “The average person can think up twice as many ideas when working within a group than when working alone”. There was no empirical basis for this claim and this led Taylor et al [38] to tests these claims by experimentation. They intended to measure the performance of this technique and introduced the term ‘Nominal Groups’ to represent a number of individuals working alone and compare their collective output with the same number of people working together. The output was to be measured in terms of the number and quality of the ideas. Contrary to Osborne’s claim the Nominal groups produced twice as many ideas as the Brainstorming groups as well as being of higher quality. These finding have been replicated many times in numerous studies since [14,15] and the performance of the Nominal group, which was intended to be a floor for productivity has now become a ceiling. With this in mind it is only proper to treat any claims of such increased performance with a degree of scepticism. 

At present the case for Pair Programming is still being fought. Extravagant claims that it leads to increased effectiveness for its practitioners have yet to be supported by unequivocal empirical evidence. Most empirical research on software development has been performed on individual programming activities [41] primarily because most psychologists involved were not social or organisational psychologists and organising and evaluating experiments on teams in a commercial environment is difficult and expensive to conduct. Greater rigour must be applied to the area and more realistic experimentation and observations carried out, not just on student populations, but also on commercial participants, if wider industry acceptance is to be achieved.

The previous discussion began with charting the history of software development and then outlined many of the problems facing the industry at the present time. Through this examination a clear requirement has arisen for the need to evaluate different approaches to the production of computer programs so that these problems may be addressed. One such different approach is Pair Programming. This approach has been defined and from the literature a list of possible strengths has been identified in order to demonstrate how it can alleviate many of the problems facing the software industry. A list of weaknesses has also been identified so that the implications of using this technique are further understood and can be addressed. 

In the next section feedback will be gathered from industry professionals so that the theoretical elements, outlined in the literature, can be explored by using the evidence of a sample of the industry’s attitudes and actual experiences.

2 Industry Questionnaire.

2.1 Introduction.

A questionnaire was designed to capture the attitudes and thoughts of professionals in the software development industry towards the use of Pair Programming as a development approach. The first question that needed to be answered was the current levels of its deployment in industry. From here the results would be divided into those who had experience of the technique and those who did not and comparisons will be made between the attitudes of the two groups. It was also hoped that the results would either confirm or refute the proposed strengths and weaknesses outlined in the previous section and highlight the relative importance of each. Any new or overlooked advantages or disadvantages would be incorporated into the data and fed into the design of the empirical study.

2.2 Method.

An on-line questionnaire was designed which would first give a definition of Pair Programming and then outline the aims of the research. Participants were asked to indicate whether they had used the technique or not by clicking on the relevant link. For those who indicated that they had used pair programming the questions were aimed at gaining an insight into how effective the technique was in practice. For those who had not, the aim was to capture their impressions of potential use. Both sets of participants were asked what they thought were the main advantages and disadvantages of the technique. The questionnaire was designed and implemented using PHP (v 4.2.0) and hosted on the University of Bath’s Internet server. An email with a link to the questionnaire was prepared and sent out to industry contacts inviting them and their colleagues to respond. Results from the questionnaire were written to text files and then imported into Microsoft Excel 2000 (v 9.0.2720) for analysis. The questionnaire used is attached in Appendix I

2.3 Results.

A total of 51 responses were received with 37 who had not used Pair Programming and 14 who had.

2.3.1 Summary of the ‘had not used’ Category.

Out of the 37 replies in those who ‘had not used’ Pair Programming 20 thought that overall the technique was viable in a commercial setting. For those that disagreed they were asked to indicate what evidence would they require to convince them otherwise. The following four responses summarise the most popular types of evidence required:

1. Actual cost comparison between the same project run using traditional methods and then by using Pair Programming techniques.

2. Empirical evidence proving reduction in error rates, improved quality and productivity.

3. Case Studies.

4. Proof that the technique is applicable to a range of development environments, for example, stand-a-lone, Internet or mainframe application areas.

2.3.2 Summary of the ‘had used’ Category.

The 14 participants in the ‘had used’ category indicated their experience using Pair Programming in months. Table 2.1 displays these results.

	Experience in Months
	Number of Participants

	1
	2

	2
	2

	3
	3

	4
	1

	5
	1

	6
	2

	18
	1

	24
	2


Table 2.1: ‘Had Used’ experience levels in months.

When asked on whose initiative was the decision to Pair Programme based, 5 responded that it was a company led decision and 11 indicated that it was individuals who pursued the pairing option, with the company’s permission.

Table 2.2 indicates Likert scale responses to 3 questions on attitudes to pair programming.

	Pair Programming is more efficient compared with solo programming.

	1-Strongly Agree
	2-Agree
	3-Neutral
	4-Disagree
	5-Strongly Disagree

	3
	5
	2
	3
	1

	Pair Programming delivers a Superior Product.

	1-Strongly Agree
	2-Agree
	3-Neutral
	4-Disagree
	5-Strongly Disagree

	3
	2
	5
	3
	1

	Pair Programming is a more Enjoyable Experience than solo programming.

	1-Strongly Agree
	2-Agree
	3-Neutral
	4-Disagree
	5-Strongly Disagree

	4
	3
	3
	3
	1


 Table 2.2: Summary of Attitudes to Aspects of Pair Programming.
When asked their opinion on whether they thought the technique consumed more hours overall, 9 responded yes and 5 no.

Asked if they would use the technique again 10 responded yes and 4 responded no.

2.3.3 Comparison of the ‘had not used’ and ‘had used’ categories.

Participants were asked to submit what they thought the main advantages and disadvantages of the technique were. These comments were analysed and sorted into the proposed strength and weakness suggested in the literature reviews. If any comments did not lie within these categories they were counted as other or if sufficient responses were gathered a new strength or weakness was indicated. Table 2.3 gives a summary of the strengths identified in the literature review.

	No
	Strengths

	1
	Economic

	2
	Satisfaction

	3
	Design Quality

	4
	Continuous Reviews

	5
	Problem Solving

	6
	Increased Learning

	7
	Team Building

	8
	Staff Project Management


Table 2.3: Summary of Identified Strengths.

The results for the ‘had not used’ and the ‘had used’ categories were compiled and formulated into bar graphs. Graphs 2.1 and 2.2 display the results of suggested strengths for the ‘had not used’ and ‘had used’ categories respectively. 
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Taking the top three strengths from each group the ‘had not used’ category regarded the Economic benefit of correcting errors earlier in the process as most important, followed by an overall better design quality and thirdly the benefit from increased learning. For the ‘had used’ category the overall better design quality was most commonly suggested, followed by continual reviews (helping with first time cleaner code production) and equally rated, the increased problem solving ability.

Table 2.4 gives a summary of the weaknesses identified in the literature review.

	No
	Weaknesses

	1
	Can cause Conflict

	2
	Negative Impact on Co-workers

	3
	Requires extra infrastructure

	4
	Increases Cognitive load – Fatigue

	5
	Success pivotal on Pair Compatibility

	6
	Managerial control more difficult.


Table 2.4: Summary of Identified Weaknesses.

Graphs 2.3 and 2.4 display the results of suggested weaknesses for the ‘had not used’ and ‘had used’ categories respectively. (The Weakness cost, which has been included, refers to the short-term cost associated with the introduction of this technique.)
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Both ‘had not used’ and ‘had used’ categories agreed that the major weakness was the potential to cause conflict between team members. Both cited the pivotal importance of the pairings of partners in their top three. The second most referred to weakness in the ‘had not used’ category was that of the likely tendency for the technique to be a source of increasing costs. The equally second rated weakness for the ‘had used’ category was fatigue, resulting in the increase in cognitive load.

2.4 Discussion.

The main purpose of this questionnaire was to ground the theoretical work in Pair Programming in a practical understanding of the use and opinions of industry based professionals. The first aim was to determine the current level of industry uptake. From a total of 51 responses 27% had experience of this technique, a figure that was much higher than expected from reading the associated literature. However, when examining the participant’s usage, half of them have had less than three months experience which must be taken into consideration when evaluating their responses.

Breaking down the responses in the ‘had not used’ category 54% would consider that the adoption of this technique is commercially viable. Of those who did not consider it viable, the evidence they would require was based around statistical facts comparing traditional approach with Pair Programming in an industrial setting. This highlights an inherent problem in the research in this area i.e. it is extremely difficult to design and conduct an experiment to measure effectiveness or make comparisons. The first main issue is the costs involved in running such a study where effectively the same problem would have to be solved by both approaches to make comparisons valid. There is also the need for resources, a sufficiently appropriate time scale and the co-operation of an industry partner who would have sufficient excess capacity to meet these requirements. For these reasons examples of research in industrial programming are rare with DeMarco & Lister’s [11,13]  ‘Coding War Games’ coming the closest, but even then the time period covered was only over one day and participants were willing volunteers. 

In the ‘had used’ category the decision to use Pair Programming was made mostly by individuals with 78% as opposed to a company decision of 22%. This demonstrates that from the sample surveyed the drive for the adoption of this technique came primarily from staff rather than management, and would suggest that if further adoption of the technique is to be pursued, more effort needs to be expended addressing the issues that concern management.

The ‘had used’ category were asked to compare Pair Programming with solo programming in terms of increased efficiency; those that strongly agreed or simply agreed with the statement comprised of 57% of the sample. This would seem to contradict the commonly held belief by those that have not had experience in Pair Programming that it is an inefficient and wasteful approach. On examining the responses for the belief that Pair Programming produces a superior product the results are more evenly distributed which would not seem to strongly support the claimed strength of superior design quality as 64% strongly disagree, disagree or are neutral on the subject. On the belief that Pair Programming is a more enjoyable experience than solo programming 50% agreed positively with this statement offering some evidence in support of the claimed strength of satisfaction.

When the ‘had used’ category were asked if using Pair Programming took up more time overall, 64% indicated yes. This figure is rather low as one of the most common impressions in the ‘had not used’ category was that adopting Pair Programming would push up short term costs as the time taken to complete tasks would be overall longer. Although this figure agrees with it there is still a large proportion of the sample that actually believe that working in a pair will save time.

One final question asked in the ‘had used’ category was whether they would use Pair Programming again, 71% indicated that they would. This offers a lot of support for the use of Pair Programming on the whole as the majority found it a positive experience. Examining the responses of those who would not use the technique again, an experienced developer who had 24 months experience programming in a pair, made the following comment:

“Too much input to problem solving, disagreement regarding common programming patterns, more time spent trying to produce funky esoteric code than working code”

This comment highlights that even though the technique was in use for a long period of time, the developer still felt that working as an individual was better. It is important to realise that not all situations suit the use of Pair Programming and a possible critical component of its effectiveness is the degree of confidence the developer has in it.

Comparing the impressions of the ‘had not used’ and ‘had used’ categories in terms of strength the most surprising result is that the ‘had not used’ category rated the economic benefit of spotting errors earlier as their most popular. In the ‘had used’ category it was only rated as fourth most important. A possible reason for this is that once a pair starts to work together and produce code other less obvious strengths may become apparent. It also highlights a discrepancy in the ‘had not used’ category in the belief that it will reduce the number of errors in delivered code but at the same time they rate the cost of working in a pair to be the most apparent disadvantage. Research is required to measure if the increased cost caused by the use of pairing is outweighed by the delivery of software that contains fewer errors. 

Both sets of respondents expect that by working in a pair the quality of the design will increase. The issue of quality is addressed by DeMarco and Lister and may be illustrated by a quote from their book Peopleware [12 Pg.23]:

“Quality is free, but only to those who are willing to pay heavily for it. A company that is willing to budget zero dollars and zero cents for quality will always get its money’s worth. A policy of ‘Quality – If time permits’ will assure that no quality at all sneaks into the product.”

Some might think that if development in a pair leads to a superior end product that would be enough to tempt more organisations into experimenting with pair programming. The problem in this is that it is only a belief that a superior design will result but there are no guarantees and the risks involved may prevent many from taking this step, in most cases the approach to development remains as it is. The most likely chances of successful deployment of this technique lie with those companies who opt for the long as opposed to the short-term approach.

When considering the weakness both sets of respondents consider the likelihood that people involved in Pair Programming will come into conflict with their partner at some point. When analysing the responses from the ‘had not used’ section they appear to be more expectant in this area. One reason for this may be that many of this group consider that pair programming only involves the production of code. Development in a pair also requires that design be undertaken together and as such if design decisions are agreed on before coding begins then many sources of conflict should be reduced. For many the impression of working in a pair does not encompass ownership of the end product by the pair, but rather that a navigator’s purpose is to sit on the shoulder of the owner of the code and pick out mistakes. A crucial element of the technique is to move away from individual ownership of code and toward team ownership.

A second consensus on weakness was the pivotal importance in the compatibility of a pair. If two people are compelled to work together then there will be an obvious strain on the relationship. The decision to work together should be a voluntary one with no pressure on individuals to comply. This weakness also raises the question of the experience of each of the partners. A common impression from responses in the ‘had not used’ category is that if an experienced individual is paired with a novice then the experience simply becomes a mentoring one and the progress of development will overall be restricted with no gain in quality. Further research in this area needs to be carried out to ascertain if this is indeed true.

2.5 New or Overlooked Strengths and Weaknesses.

A previously overlooked advantage, in terms of productivity, was unearthed from the questionnaire data. Several respondents made reference to the likelihood that task focus would be greater when working in a pair, as individuals would be less inclined to spend time on non-task activities as doing so would involve consent from their partner. One respondent’s comment was:

‘Also you are less likely to drift off for 10mins and check the price of cheese on the Internet if someone is there beside you, i.e. you will work harder.’

This also has negative implications in that people may resent the lack of privacy that working as a pair entails and also a feeling of lack of trust on the side of management.

Two further weaknesses were identified from the data that were not in the original literature. The first refers to the impression that using a pair for some tasks may be overkill or ‘too many cooks’. If pairs are involved in such a task there may be a tendency for boredom to creep in and a sense of redundancy. The second weakness was the opportunity for some individuals to ‘free load’ or become satisfied that their partner can do all the work. This phenomenon has often been sited in literature on Brainstorming and is held responsible for some of its failure as a technique to live up to its claimed increase in productivity. 

In this section the questionnaire data has shown support for the existence of many of the previously outlined strengths and weaknesses found in the literature. Both the group that ‘had used’ Pair Programming and the group that ‘had not used’, included the strength of producing a better quality design in their top three listed strengths. This is an important observation for those companies in the industry who are looking for improvements in this area. 

In the area of weaknesses again both groups came to an agreement that the major weakness was that the use of Pair Programming would lead to conflict between collaborators. Highlighting this point from actual industry feedback is important in order that appropriate effort be directed at looking at ways of addressing this problem and developing new solutions to deal with its effects. 

In the next section an empirical study is presented to give a comprehensive comparison between an individual and a pair working on the same tasks to gain a deeper understanding of the nature of Pair Programming.

3 Empirical Study.

3.1 Introduction.

In order to fully understand the nature of Pair Programming and observe it’s strengths and weaknesses at first hand, the design of an empirical study was undertaken. At first an experimental design was considered, but given the number of variables involved and the need for a large sample of participants (if the rejection of null hypothesis were to be reliable) an observational study was chosen.

 It was felt that by restricting the study to a single pair and an individual then more in-depth attention could be given to the actual processes that were involved. By observing a Pair Programming exercise and comparing the results with that of an individual, data will be gathered and used to explore theoretical issues in the literature and evidence from the industry questionnaire.

During the analysis of the questionnaire data there was a general viewpoint noted among the participants, who had never been exposed to the technique, that Pair Programming only involved tasks situated at a computer. For this reason it was felt important that tasks included in the study should involve some non-computing element. It was also felt that the tasks included should resemble as closely as possible activities commonly found in an industry setting. The design of the study would involve an individual participant being asked to complete a set of tasks and then a pair being asked to complete the same tasks so that comparisons could be made and study of the previously outlined strengths and weaknesses could be observed and further understood.


In order to refine the design a pilot study was constructed. It was decided to give the participants three separate tasks, each focusing on different areas of the software development process. All activity was to be recorded so that further analysis could be undertaken. The pilot study was conducted and proved to be very effective especially in the areas of perfecting task instructions and identifying suitable questions for post task interviews. 

3.2 Participants

Three adult males participated in this study ranging in age from 21 to 40 and each had volunteered to give their time with no expectation of a reward. All had undertaken a similar course in Introductory Java programming and obtained similar results in the course final exam. All three are highly computer literate and had written programs in Java in the last month. The participants were divided into an individual and one pair and all were available to respond to a post study informal interview. Consent to video was received from each participant before the beginning of the study.

3.3 Apparatus.

The experiment was carried out in the University of Bath’s usability lab which provided audio and video recording facilities. Video was captured by two ceiling mounted cameras situated at diametrical opposite angles as well as a third mobile camera facing the participants. A fourth video source of the activity on the computer screen was captured by a Scan Converter (CORIOscan Connect CSC 09174). All four video feeds were fed into a Quad video array (Sanyo Quad Compressor – VQC 801P) that captured the data onto a single screen. Audio input was recorded by clip on microphones attached to the participants and the observer. Video and Audio data was recorded onto Mpeg format and burned on to DVD disks for later analysis. 

Two out of the three tasks did not require a computer and involved the use of pen and paper that were supplied. For the pair trials two different coloured pens were provided so that the observer and participants could identify individual contributions. For the task that required a computer the participants were given access to a Laptop computer that did not have any link to the Universities network or the Internet. To facilitate clarity in the use of the computer a new user account was created in which only the bare minimum of applications were made visible. Programming tasks were completed using NetBeans IDE 3.5.1 on a Windows XP professional operating system, version 5.1. Other software packages used were Windows explorer and a command window from which Java programs could be run. Shortcut icons for these applications were provided and all other desktop icons were removed. The version of Java used was 1.4.2. 

3.4 Procedure.

The studies took place in two separate sessions over two days and the timings were based on the availability of the participants. Participants were given three separate tasks to complete. The three tasks chosen intended to cover a range of activities that occur within a professional programming environment and consisted of:

· Producing a high-level written design from a problem scenario.

· Modifying an existing piece of software to implement new functionality.

· A code review and error spotting exercise.

For a full description of these tasks see Appendix II. The first two tasks were to last no longer than one hour and the final task had a time limit of 15 minutes to introduce an element of time pressure and enable better performance comparison.

All tasks were to take place in the same table in the usability laboratory. Prior to the participants entering the laboratory the apparatus was prepared including removing any previous work by a participant either on paper or on the computer. Before each session began participants were welcomed and given a sheet of paper with a written definition of Pair Programming and the aim of the study. 

At the beginning of each task the recording equipment was started and the observer briefed the participants about the given task utilising a written explanation and also by answering any questions they had. The briefing was the first time the participants were aware of the nature of the tasks. Once participants indicated they understood the nature of the task the observer retreated to the control room and the study began.

When the time limit expired or participants indicated they had finished, the observer returned from the control room. Participants were asked to explain their work and then an informal semi-structured interview was held (For an example of the types of questions asked see Appendix III). When the interview was completed the recording equipment was stopped and the participants offered a 15 minute break before commencement of the next task.

3.5 Results.

For each task the paper and computer generated code were analysed and compared in order to determine what differences existed. The results are discussed down task by task and presented below.

3.5.1 Task 1 – Design Task.

The design task involved a given scenario of a taxi company operation. The purpose of the task was to produce a design that would allow different situations to be simulated. The resulting designs produced were presented to an independent and experienced programmer who determined that the design produced by the pair was more detailed and comprehensive. 

Comparing the time taken to complete the task the lone participant took just 16 minutes to complete a design where the pair utilised the full hour. Each design comprised of a set of objects that were used to implement a solution. In the design task participants had to design a simulation of a taxi company, examples of objects involved were a taxi, a controller and a customer. Comparing the number of objects in the completed design the individual had 5 objects in comparison to the 9 produced by the pair. Participants were asked to produce a diagram that would explain an activity scenario that could be used to explain the design to the observer. The individual created a diagram with 6 elements and 11 relationships whilst the pair’s diagram had 20 elements and 21 relationships. Table 3.1 summarises these results.

	
	Individual
	Pair

	Time
	16 min
	1 hour (interrupted)

	Objects
	5
	9

	Diagram
	Elements

Relationships
	6

11
	20

21


Table 3.1: Summary of Performance Measures for Design Task.
As participants were told to keep all paper used for later analysis the number of pages produced by the individual participant was only 2 whilst the pair had 7. Table 3.2 gives a comparison and breakdown of the contents of the scrap paper.

	
	Individual
	Pair

	Sheet 1
	Notes, objects list with variables and methods
	High level object list

	Sheet 2
	Entity Relationship diagram explaining a scenario
	Intermediate object list

	Sheet 3
	
	Object list with variables and methods

	Sheet 4
	
	First attempted scenario sequence diagram

	Sheet 5
	
	Second attempted scenario sequence diagram

	Sheet 6
	
	Object hierarchy diagram

	Sheet 7
	
	Entity Relationship diagram explaining a scenario


Table 3.2: Summary of Paper Use from the Design Task.
The individual only used two sheets of paper while the pair used seven. Sheets 1 and 2 for the individual were considered to correspond to sheets 3 and 7 of the pairs.

3.5.2 Task 2 – Coding Task.

The coding task involved a small program, which read a file and extracted email messages and wrote them to individual files. The task was to modify the code so that it created a separate directory for each user and gave each mail message a unique name. Neither group finished the coding task to completion but the pairs work was considered to be 90 – 95% complete whilst the individual completed 60 – 65%.

Table 3.3 gives a code comparison between the original code, a completed modification example of the code and the code produced by the individual and the pair. Numbers displayed refer the number of lines of executable code.

	
	Module 1
	Module 2
	Module 3
	New
	Total – % Complete

	Original
	92
	54
	25
	0
	172 – 100%

	Modified
	112
	56
	48
	0
	216 – 100%

	Individual
	97
	95
	25
	0
	217 – 60-65%

	Pair
	83
	67
	25
	38
	213 – 90-95%


Table 3.3: Summary of Performance Measures in the Coding Task.
The original code consisted of three modules and with the addition of 44 lines of code, distributed across these modules, an example solution was produced before the study began. Table 3.3 illustrates that the individual added 5 lines of code to Module 1, 41 to Module 2 and 0 lines to Module 3. The Pair removed 9 lines of code from Module 1, added 13 lines to Module 2 and 0 lines to Module 3. The pair decided to create a new module to contain most of their code and this consisted of 38 lines.

3.5.3 Task 3 – Code Review and Error Spotting.

The first three code listings contained a total of four logical errors of which the individual spotted one and gave two style recommendations. The pair spotted 3 out of the four errors and suggested 5 style recommendations. The last code listing was a straight ‘spot the error’ exercise where there were 15 syntax errors. In total the individual spotted 5 whilst the pair succeeded in identifying 12. Table 3.4 summarises these results.

	
	Individual
	Pair

	4 Logical Errors
	1
	3

	Style Recommendations
	2
	5

	15 Syntax Errors
	5
	12


Table 3.4: Summary of Performance Measures in the Error Spotting Task.

3.6 Discussion.

Overall the pair outperformed the individual over the three tasks. However it must be taken into account that both sets of participants were given the same amount of time to complete the tasks and so this outcome was not unexpected. Apart from the difference in the performance measures observed there were many other differences in how the tasks were approached.

The first task involved producing a design from a loose specification. The initial performance measure recorded was the time taken. The individual completed the task after 16 minutes and the pair used the full allotted hour. If fact the pair produced a design that was far more detailed than expected and upon observation of the video and subsequent interview it was discovered that they had made an incorrect assumption. Often mentioned in the literature is the fact that a pairs problem solving will be greater than that of an individual. One of the reasons for that is that a pair is unlikely to get ‘Tunnel Vision’ and proceed along a line of reasoning that is not valid, as a partner is present to question such assumptions at the time decisions are made. The exact opposite of this occurred during task one for the pair. At the beginning of the study all participants were made aware there would be three tasks and with the presence of computer equipment the assumption that some programming would be involved. One of the pair assumed that the first design task would then lead into the coding of this design and hence proceeded to reduce the problem to a very low level. The other partner in the pair took this assumption to be correct and both continued with developing a detailed low-level design. Fault for this could lie with the instructions for the task but it demonstrates that pairs are not immune to acting on false assumptions.

Analysis of the paper produced by participants demonstrated the different approach taken by the pair to the individual. Based purely on the number of pieces of paper produced the pair used seven compared to the individuals two. Even if the individual score was double to simulate the output from two people there are still three more pieces of paper. This result illustrates the change in behaviour that working in a pair forces in that each contribution to the design has to be explained and supported before it can be added to the output. This may slow the process down but it will mean that design decisions are constantly examined and refined theoretically leading to a better informed design. Parallels with this observation and those made be Cockton et. al. [9] can be made, where their research found that by changing the way that analysts performed usability inspections, by requiring them to document their rational leeds to improvements in overall results. This observation also supports the proposed strength of improved design quality that developing in a pair brings.

Comparing the results during task two, the programming tasks, the pair also seemed to perform better. Percentage completion for the individual was 50-65% whilst the pair reached 90-95%. During the post task interview with the individual it was established that progress had come to a dead-end after about 40 minutes because of a technical issues (could not get the method to create a new directory to work) and time had run out before this could be solved. The pair had also encountered this same problem but managed to overcome it by sharing their partial knowledge of the subject and suggesting to each other on how to find the answer in the technical manual supplied. As part of the design of the study it was decided not to permit access to the Internet and restrict technical reference to one book. These restrictions do not reflect a real world setting but it was felt that allowing unlimited access to other sources many have overwhelmed the participants and detracted from the task at hand. If this restriction had not been in place then perhaps the individual would have made more progress but at the same time this incident demonstrates how a pair were capable of overcoming the problem by the use of their combined resources. This example gives a clear illustration of the improved strength of problem solving that a pair benefits from.

Another demonstration of the strength of Design Quality can be seen from the resulting code produced during the programming task. The number of lines of executable code has been previously used before as a performance measure by DeMarco and Lister [13]. They proposed that code that was more compact would indicate higher quality code. A comparison of the study would suggest that the individual with a total of 217 lines and at only 60-65% complete would compare less favourably than the pair with 213 lines at 90-95% complete. Another measure of quality that Demarco & Lister cite is the degree of modularisation where code that has a higher degree of cohesion and lower level of coupling would be considered to have a better design. In the programming exercise the pair’s decision to create a new module to incorporate the new functionality illustrates this. Again the small number of participants involved in the study and the likely effects of individual ability may weaken this conclusion.

Moving on to the final task of error spotting, the performance of the pair was more than double that of the individual. In the first part of the exercise there were four logical errors contained in three separate code listings. The individual found one whilst the pair recorded three giving a comparison of 25% to 75% in this situation. In the final part of the task, which was based on syntax errors, the results were five errors found by the individual compared to 12 found by the pair out of a total of 15. This is a 33% detection rate for the individual compared to an 80% for the pair and offers strong support for the argument that pairs discover more errors than individuals which is a major cornerstone in the claim that Pair Programming brings economic benefits as a result of a higher error detection rate.

Apart from analysis of the explicit performance measures that were recorded, further analysis concentrated on the nature of the activity and the differences that exist between the individual and the pair. One of the most obvious differences became clear when comparing conversation levels. As expected the individual worked in silence but analysing video footage of the pair it was found that they were in constant communication and extended periods of silence were rare. A segment of video of the pair that lasted 14 minutes was analysed and broken down into typical conversational constructs (conversations constructs were derived from similar conversation analysis in [33]). Table 3.5 contains a list of these constructs and the number of times these occurred during the video segment.

	Conversation Construct
	Partner A
	Partner B

	Justification
	1
	1

	Ask a question
	16
	6

	Challenge
	
	

	Elaboration
	4
	15

	Humour
	1
	

	Give a command
	
	3

	Confirmation
	10
	6

	Explanation
	4
	13


Table 3.5: Summary of Conversation Analysis.
These results support the claim that Pair Programming promotes the use of continuous reviews and partners are continually compelled to examine decisions and assumptions. Whilst this confirmed a strength of the technique it also brought forward a previously un-stressed weakness. From post task interview responses the pair felt that at times they were almost compelled to talk and in many situations begin to elaborate on a design that they had not fully had time to refine. They felt that in the design task they might have benefited if they had some ‘Quiet Time’ to follow through on their thoughts before having to explain decisions to their partner. There was no specific instructions given to the participants on how they should structure their design activity and this was an example of how people naturally deal with this situation. 

So far the results have demonstrated support for the strengths of Pair Programming in the areas of Economic (greater capture of errors at an early stage), Better Design Quality (more comprehensive examination of the problem space), Continuous reviews (changing the way development take place and requiring decisions to be justified before adoption) and greater Problem Solving Capability (combination of knowledge and different approaches). Another strength not as easily observed from the performance measures was the increased level of learning experienced by the pair. At one point during the programming exercise the pair had decided to make a copy of a module. 

Partner A. Switches screens and begins to search for file.

Partner B. ‘You can make the copy inside the IDE.’

Partner A. ‘Oh?’

Partner B. ‘Yeh, right click…….’

Partner A. ‘Ok, didn’t know that.’

Whilst not overly important to the completion of the task this time saving tip would be remembered by partner A and possibly be used again in similar circumstances. This type of incident happened several times during the exercise and not always in the same direction, that is both partners learned something new from each other. This strength may be thought of as a side effect of working in a pair but can be seen as an important way of sharing knowledge between team members and will not only be limited to technical tips but could also involve business knowledge of the application area. An individual may have learned the above tip on his/her own but more than likely if they had the same knowledge as Partner A they would have continued to behave in that way.

Another incident made reference to the reported strength that pairs claim to have a higher level of satisfaction. At the end of task one the observer interrupted the pair who were surprised that an hour had elapsed. The pair had become engrossed in the design task and responses from the post task interview indicated that they enjoyed the experience and would prefer to carry out this task as a pair rather than individually. Despite enjoying the experience they made reference to fact that they also considered working in a pair more tiring. This is not surprising when considering the extra cognitive load placed upon the pair by having to work together. As an individual there is no burden of external communication and the constant requirement of explaining one’s actions to a partner highlights the weakness of increased fatigue that pair programming exposes a practitioner to.

Of the original eight strengths proposed by Cockburn & Williams [8] there were only two that were not observed during the empirical study. These are the increased effect on Team Building and the benefits in Staff Project Management resulting from the decrease in dependency on individuals. The scale and time span of the study would make it difficult to observe any evidence relating to these strengths and thus comment upon these claimed strengths cannot be offered. 

Of the original six weaknesses outlined in the literature, support was only found for two. From the post task interviews, the requirement of greater infrastructure support became apparent. In the design task the pair used more than twice the amount of paper the individual used in their attempts to evolve a combined design as well as in the coding task difficulty with limited screen space. This situation may have been eased if aids such as a wipeboard had of been used as well as other technological support. The second weakness, increased cognitive load leading to fatigue was also elicited from the post task interviews. When the pair commented that they thought the exercise was more intense than they would imagine it would have been individually, they both expressed they were tired and could use a break.

The most cited weakness of the technique, increased likelihood of Conflict was not observed. The pair involved knew each other and were aware that they were going to take part in a study that would be recorded and analysed. It was also the first time that they had worked together as a pair. A high level of politeness was observed which might not be consistent with a pair of work colleagues, undertaking a development task over a period of months. 

Other weaknesses alluded to were the negative impact of the extra noise generated by a pair on co-workers, pivotal importance on the compatibility of the pair and the increase in difficulty of management control. Again with limitations on time and resources these aspects of the technique could not be studied and also highlight the difficulty of performing studies in this area. In order to perform a comprehensive experimental study of the strengths of weakness of Pair Programming the location would need to be moved out of the lab and into an industry setting and observations carried out over a number of session and not restricted to one off episodes. Best results would be collected by comparing the parallel development of a system by a team of individuals and a team using pairs. The organisational requirement and prohibitive costs involved may be the main reason why such a study has never been attempted. If advancement is to be made and wider industry attention focused on this area, then research studies such as these are needed.

4 Conclusion.

4.1 Summary

There were three main aims of this research project. The first was to gain a better understanding of the nature of the process of Pair Programming. Along with the literature review, the industry questionnaire and the empirical study this has been achieved. Preconceptions of what the activity of Pair Programming entailed were based on the author’s industry experience but through this research these impressions have been altered. From the questionnaire analysis the difference in opinions between those who had no experienced and those who had was examined and highlighted a range of opinions, suggesting that an overall consensus within the industry is not present. This would advocate that further experimentation within industry itself should occur in order gain further experience and knowledge on how best to incorporate this technique into the software development process. 

During the empirical study the participants in the pair were asked if their impression of what pair programming was had changed as a result of acting as a pair. Both commented that before commencing the tasks they had experienced some form of Pair Programming before, usually when getting a colleague to help them debug some code. However after the exercise they felt that this was not the case as previously they were only receiving help for a short period of time whilst the Pair Programming tasks involved shared goals from the start and was ultimately a more intense process.

The second aim was to identify a list of strengths and weaknesses of the technique. These were highlighted in the literature review, questionnaire analysis refined the weight of importance of each from industry attitudes and evidence was provided to support their existence from the empirical study. During this process the difficulty of conducting research in this area was realised. Pair Programming is a technique that is not best suited to experimentation in the lab. A lot of the factors that impact on its effectiveness are subtle and occur over longer periods of time than is convenient to study in a lab. The presence of collaboration, introducing the highly complex elements of human communication and interaction also complicates analysis and interpretation of results. Taking participants out of their normal working environment and recording their activity does not encourage normal working behaviour. An element of this may be recognised in the empirical study where no real incidences of conflict existed although this was highlighted as the greatest weakness of Pair Programming. This may be due to the relatively short time period over which the tasks were conducted but could also be attributed to the unnatural setting of the lab and social pressure of video recording. There is a need for more ethnographic studies in this area to provide greater in depth knowledge and analysis of specific episodes that demonstrate its strengths and identify its weaknesses.

The final aim of this project was to use the knowledge gathered through the research and to formulate a set of guidelines that would help those interested in introducing Pair Programming into their development cycle. There has been a long tradition of guidelines in HCI. Souza and Bevan [36] comment:

“There is thus a great demand for mechanisms to transfer human factors knowledge to existing designers. One widely-used means is collections of design guidelines. These vary in their degree of specificity, ranging from those which state a small number of general principles, through those giving detailed guidance derived from cognitive psychology, to specific advice based on empirical evidence.”

It is the intention that the guidelines formulated here offer only high-level general advice as their formulation arose from the preceding research and have not been validated in an industrial setting. As with most guidelines they may be contradictory and application will depend primarily on individual situations.

4.2 Guidelines.

The most often cited weakness from the industry survey in Pair Programming, by both those who have had experience with the technique and those who have not, has been it’s propensity to cause conflict. Conflict has been defined as:

‘When one individual perceives that his or her goals, attitudes, values or beliefs are incongruent with those of another individual and this incongruity produces interference between individuals.’[39]

Further research by Trimmer et. al. [39] breaks conflict into two general forms and proposes that all forms of conflict might not necessarily be detrimental. The first is interpersonal and has a negative effect on group performance as well as encouraging higher levels of staff turnover. The second form is task conflict and it is certain levels of this form of conflict that they contend contribute positively to group tasks. Figure 4.1 illustrates the relationship between the types of conflict and effect on team performance.
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Figure 4.1 Impact of Types of Conflict on Team Performance.

Trimmer et. al. believe that it is important that software developers and managers need to be able to recognise the different forms of conflict in order to harness its power or defuse it. Understanding that conflict is a natural outcome of human interaction does not mean that such activities that increase the likelihood of its occurrence, such as Pair Programming, should be avoided but rather accepted as a natural outcome of collaboration and techniques developed to deal with it.

Guideline 1.

Conflict will happen, promote awareness of this fact and develop strategies to resolve it.

A further study by Domino et. al. [16] tries to examine the influence of certain factors on the level of conflict in collaborative software development. Their experiment involved measuring participant’s cognitive ability, conflict handling style and adherence to method in order to determine if any of these have an influence on task performance. Of most interest to this research is the work on Conflict handling styles. Domino et. al. combined research by Rahim and Bonoma [32] and Blake and Mouton [4] on conflict handling styles. They identified five different conflict resolution modes: 

· Integrating 

- Combines a high concern for oneself, as well as the

other party.

· Obliging

- Low concern for oneself and high concern for the 

other party.

· Dominating

- High concern for oneself and low concern for the other

party.

· Avoiding

- Both low concern for oneself and the other party.

· Compromising
- Concern for both oneself and the other party.

These more can then be differentiated in terms of two basic dimensions: concern for oneself and concern for others. Figure 4.2 demonstrates the relationships.





Figure 4.2: Different conflict handling styles.

Measurement of conflict resolution style was calculated using the Rahim Organizational Conflict Inventory (ROCI-II) [31]. Their results confirmed that those developers who were judged to have more integrative conflict styles had higher performance outcomes. The selection criteria for building teams should incorporate the conflict resolution styles of potential team members as well as their technical ability.

Guideline 2.

Use conflict resolution style as an indicator of team fit.

The next weakness is the Impact on Co-workers. This effect is not restricted to Pair Programming. The majority of office space is open plan and this has contributed to a general increase in interruptions that individuals face. DeMarco and Lister [12] contend that the modern office environment has evolved not to support effective working practices but arose out the lowering of costs by reducing floor space. However a move to Pair Programming will increase the noise level generated locally. It will also increase the impact of interruption. If an individual is interrupted then the effect is only upon themselves but working in a pair this will also extend the interruption to their partner. This effect will have more that twice the impact than it would have on two people working on their own. Ideally a dedicated, isolated workstation should be used where the pair can collaborate freely without affecting their neighbours. By also moving both participants away from their own workstation would also reduce the level of day-to-day interruptions allowing a pair to fully concentrate on the task at hand.

Guideline 3.

Where possible provide separate dedicated pair workstations, situated in a quiet area of the office or behind a closed door.

Infrastructure support is considered a weakness because working in a pair will require more resources to support them or that the existing resources are inadequate. During the post task interviews in the empirical study pairs commented that collaborating using paper was not the most effective medium. They concluded that the provision of a Wipeboard, where they could build up a shared solution more easily would have facilitated their designs. They felt that if they had to revisit the design later it might be difficult to understand the solution because of writing styles etc. and the use of central focus would facilitate a truer combined output. This also highlighted a further problem that responsibility for producing formal documentation of design work should be agreed upon at the beginning of the task to avoid ambiguity at a later point. Consideration should also be given to the interaction space that a pair will share. An individual may find it easy to cope with limited screen real estate but when a pair collaborate this space may not be sufficient to support them. Screens can become cluttered very quickly and the provision of larger screen should be considered in order to allow the pair to communicate more effectively.

Another observation that arose from the pairs interview was the confusion on partners performing independent tasks. This arose from one partner looking up the reference book whilst the other began to make comments in the code. It was questioned whether a second reference machine would be of use which would allow the permit the pair to split and concentrate on different tasks, perhaps the navigator could search for a technical solution to an immediate problem whilst the driver could perform some refactoring of the code. There is a danger here in that the collaboration could simply break down as the pair divide the work in half and behave as individuals. Care must be taken to avoid this happening and emphasis placed on the production of shared product.

Guideline 4.

Provision of wipeboards, larger screens and extra reference machines will increase the effectiveness of the collaborative process.

Working as a pair compared to working individually has the negative impact of increasing the cognitive load of the individuals involved. This also manifests itself by causing more strain on participants, which leads them to experience fatigue more quickly. Being aware that this will happen is important to the scheduling of the length of time people work together in pairs. Both participants in the pair responded that they felt that working in a pair was more tiring whilst the individual reported no such side effects. In normal working environments most individual have several tasks ongoing at once. If the move to working in a pair is to be successful then greater thought must be placed into time-management and planning further ahead. If a pair has been given the responsibility of delivering a section of a design it may be appropriate to split the job into several tasks, some (perhaps simpler smaller modules) which can be concentrated on individually and others on which the pair can implement. This will introduce a level of flexibility allowing frequent concentrated periods of time where pairs can collaborate as well as time for working as individuals. It is important that each member of the pair understand the impact of working together has and that a suitable time span is agreed between the two before work begins in-order to avoid burnout.

Guideline 5.

Structure frequent concentrated sessions to avoid fatigue.

Another major weakness often sited for Pair Programming is the pivotal importance on pair compatibility. In literature supporting Pair Programming [43] a common theme is that the decision to work collaboratively should never be imposed. Forced collaboration is unlikely to work and may lead to resentment among team members and introduce an unwanted level of stress. Proceeding without individual cooperation will only invite disaster.

Guideline 6.

Participation must be on a voluntary basis.

Another aspect to consider when selecting pairs is realisation that there is a required time period for individuals to adjust to working together. To ease this transition the process should be introduced gradually and an initial task should be undertaken which is not critical to the overall success of the project. Individual differences preclude any cast iron rules on how pairs should behave and rather it is a process where the individual should feel their way into the process gradually.

Guideline 7.

Gradually introduce the technique, beginning with low priority tasks allowing experience and confidence to develop.

There is also an important period before pairing can begin where participants are given an introduction into the concepts and differences of working in pairs. As mentioned in the literature review partners who develop early shared mental models and who have a high level of common ground will collaborate more effectively. In order to promote this participants should be given background literature and case studies on Pair Programming before working as a pair. Pair Programming is a skill that must be learned and will improve with experience, providing up-front training will reduce the risk of failure and is important in setting correct expectations.

Guideline 8.

Make available literature and case studies before pairing begins.

Self selection of partners is recommended by research carried out by Katira et. al. [25]. They studied the impacts of personality type, actual skill level, perceived skill level and self esteem on the compatibility of a pair, based on the results of questionnaires and task performance results. They concluded that the most significant finding was that students prefer to pair with someone they perceive to have similar technical competence. This would argue the case that when an individual is beginning to Pair Program self selection is important and the risky combinations of Expert/Novice should be avoided until individuals have sufficient experience and confidence in working as a pair. Self selection at the beginning will allow experience and confidence in the technique to grow and avoid the unwanted element of risk to creep in at the initial stages. As experience grows individuals will become more confident and the combination of different pairs should increase

Guideline 9.

Allow pairs to self-select.

The final weakness referred to was that of Managerial Control. This has impacts in two ways. The first is upon the manager in that their ability to estimate an individual’s performance will be reduced thus making it more difficult to provide support and make accurate appraisals. The move to Pair Programming does not imply that all work must be undertaken in a pair so the overall effect of this weakness is not as great as first thought. The second side of this problem is that certain individual may be avoided within the group if it is thought that they might impede progress. This again illustrates Pair Programming nature to expose more social human elements than traditional development methods but it also must be remembered that increasing the level of collaboration in a group can build stronger teams and a greater sense of group purpose. Managing the process is a learning experience for those involved and as such progress should be taken gradually and the process refined by the input of those involved.

Guideline 10.

Perform a pilot exercise with participants who are willing to help develop the best approach for their particular team.

4.3 Future Research.

It is not the opinion of this author that all development work should be carried out in pairs as is the stipulation for eXtreme Programming [1], rather Pair Programming should be another technique in the software developers repertoire, used when appropriate and a skill that requires experience and training. Not all situations and indeed individuals are suited to this type of collaborative development, but if certain problems inherent in the overall process are to be addressed, new approaches need to be tried to gauge if they can offer better alternatives to existing practice. Most prominent among these problems is the discovery of issues late on in the development process. Currently when problems are identified late on it is too late to correct without altering the whole system or financially prohibitive and the system is either delivered which does not meet specification or is abandoned. Any technique that might reduce this effect deserves serious consideration.

There are many aspects of the current research that warrant further attention but are beyond the scope of this project. The Guidelines that have been developed have arisen from the literature, industry feedback and laboratory analysis. Pair Programming is a technique based in industry and as such work is required in this environment in order to further refine these Guidelines and establish their validity. Present attitudes are mixed and there is a requirement for the documentation of in-depth case studies that would allow greater discussion among industry managers and software developers. If the software development process is to advance, more resources must be invested into examining emerging techniques to evaluate the potential benefits. Effort must not only be expended on developing technical solutions to the industries problems but also into greater support of the human needs and the social requirements of collaboration.

The other social impacts that Pair Programming has on software development should not be ignored. Increased collaboration will result in change to the social dynamic of the work place. Often this fear of the unknown and managerial concern of the lack of control may prevent experimentation. As the industry evolves so should the people within it. Should those who simply possess the greatest technical ability drive the way software is developed or should the industry also select its practitioners based on a wider spectrum of skills incorporating the ability to work closely with others? If it does, then Weinberg’s [41] vision of  ‘egoless programming’ may yet be achievable.
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6 Appendicies

6.1 Appendix I: Industry Questionnaire.

Top of Form

Pair Programming Questionnaire

Pair Programming is a style of programming in which two programmers work side by side at one computer continuously collaborating on the same design, algorithm, code and testing. One of the pair, called the Driver, is typing at the computer or writing down a design. The other partner, named the Navigator, has many jobs including observing the work of the Driver, looking for tactical or strategic defects and generally contributing to the ongoing process. It is important that the roles are switched periodically and the technique is used at all stages of the development process.

Anecdotal evidence suggests that this technique offers real advantages in many areas but as yet it is not widely adopted throughout industry.

As part of my research for my Masters Thesis at the University of Bath I am interested in the prevailing industry attitudes to this technique and your replies will help direct and structure my research. Results from this research may be used to further existing software development techniques and upon completion of this work I will make available, on request, any relevant results.

This short questionnaire should take approximately 5 minutes to complete and all responses will be treated in the strictest confidence.

Thank you for you cooperation

Gerard Murphy

  

	Yes I have used Pair Programming Before
	 
	No I have never used Pair Programming


  

  

Bottom of Form

	 
	 
	Yes - I have used Pair Programming Before.
	 

	 
	 
	 
	 

	 
	1
	What length of time was your experience with Pair Programming in months?
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	2
	Was the decision to employ this technique company policy or one championed by an individual?
	 

	 
	 
	Company
	Individual
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	3
	Please indicate how strongly you agree/disagree (where 1 is strongly agree and 5 is strongly          disagree) with the following statements.
	 

	 
	 
	 
	 

	 
	 
	Pair Programming is more efficient technique than solo programming in terms of producing           efficient and maintainable code.
	 

	 
	 
	1

2

3

4

5
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	Pair Programming delivers a superior end product than solo programming. 
	 

	 
	 
	1

2

3

4

5

[image: image11.wmf]
[image: image12.wmf]
[image: image13.wmf]
[image: image14.wmf]
[image: image15.wmf]

	 

	 
	 
	Pair Programming is a more enjoyable experience than solo programming. 
	 

	 
	 
	1

2

3

4

5
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	4
	Having had experience with this technique would you say it consumed more person hours               overall? 
	 

	 
	 
	Yes
	No
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	5
	Would you use this technique again? 
	 

	 
	 
	Yes

No
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	6
	What advantages did you observe when compared with programming on your own?
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	7
	What disadvantages did you observe when compared with programming on your own? 
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	8
	Were there any problems with applying this technique and if so how were they solved? 
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	9
	What other comments would you like to make about pair programming? 
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	It would be useful if you could provide me with your job title and email address, this is                    entirely optional and will only be used if further clarification is required. Confidentiality                            is assured. 
	 

	 
	 
	 
	 
	 

	 
	 
	Job Title 
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	Email
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	No - I have never used Pair Programming. 
	 

	 
	 
	 

	1
	What advantages would you envisage this technique would bring?
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	2
	What disadvantage would you envisage this technique would bring? 
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	3
	What organisational obstacles could you envisage occurring? 
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	4
	Would you consider this technique viable?
	 

	 
	Yes
	No
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	If No what evidence would you require to change your mind? 
	 

	 
	[image: image37.wmf]




	 

	 

	5
	What other comments would you like to make about pair programming? 
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	It would be useful if you could provide me with your job title and email address, this is                             entirely optional and will only be used if further clarification is required. Confidentiality                                        is assured.
	 

	 
	 
	 
	 

	 
	Job Title
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6.2 Appendix II: Empirical Study – Task Instructions.

Examining Software Development with an Individual and a Pair.

What is Pair Programming?

Pair Programming is a technique where two programmers develop software side by side, at one computer. The two programmers work collaboratively on the same algorithm, design and programming task. One person is the ‘Driver’ and has control of the pencil/mouse/keyboard and is developing the design of the code. The other person, the ‘Observer’ continually and actively examines the work of the driver – watching for defects, thinking of alternatives, looking up resources, considering strategic implications of the work at hand, and asking questions. The observer identifies tactical and strategic deficiencies in the work.

Aim of the study.
The main aim of the study is to examine some of the activities and nature of tasks involved in software development. Specifically, trying to compare the activity of the traditional lone approach with that of using a collaborating pair.

Design Task.

Scenario.

A taxi company operates both individual taxis and shuttles. The taxis are used to transport an individual (or small group) from one location to another. The shuttles are used to pick up individuals from different locations and transport them to their several destinations. When the company receives a call from an individual, hotel, entertainment venue, or tourist organization, it tries to schedule a vehicle to pick up the fare. If it has no free vehicles, it does not operate any form of queuing system. When a vehicle arrives at a pick-up location, the driver notifies the company. Similarly, when a passenger is dropped off at their destination, the driver notifies the company. 
Task.

Produce a design for this simulation. The solution should include:

· A list of Objects required with a high level specification (no code is required) of properties (instance variables) and methods involved. 

· A diagram should be produced, using the available objects connected together by actions to illustrate the scenario of hiring a taxi/shuttle and the delivery of its passengers. 
Coding Task.

Scenario.

Code exists for a small application which will take an input file such as:

User: Bob

From: Jim

Subject: News

Message: Bob get over to the lab right away!

EOM:
User: Bill

From: Amy

Subject: Tonight

Message: Under the town clock at 7:30pm

EOM:
User: Bob

From: Dave

Subject: Football

Message: Next Tuesday, five aside at the Uni @ 7:30pm.

EOM:
Take the input file, split up into individual messages and place them in a specified output directory (if it does not exist create it).

Task.
Modify this code so that it looks in an input directory and processes all files that are in that directory. For each message read place it in the output directory under a sub directory of the users name. Make sure each message file has a unique name. Once each input file has been read it should be moved to a processed directory.

Error Spotting.
Scenario.
Four code listings have been produced.

Task.
The first three listings are excerpts of code that are for review. Indicate any enhancements or possible sources of errors and suggest possible improvements that could be made. The fourth listing contains a set of modules that have numerous errors in them, highlight as many as you can and provide a brief written explanation.

6.3 Appendix III: Post Task Interview Questions.

Post Interview Questions.

TO both studies.

· What part of this task did you find difficult?

· Were there periods in the task that you felt you lost momentum?

· Are there other resources that could have been useful during this task?

· Was this the only solution considered and if not what others?

· Was it an enjoyable experience?

Individual Only.
· What help would you have liked and when?

· How would doing the task with another person affected it?

Pair Only.
· At what point was a partners help appreciated?

· When was it not?

· How was agreement on a course of action reached?

· What part of the task did you prefer to work on alone?

· What was the Up/Down side of having a partner?

· Could this work with remote communication?

· Would you do this again?

· What would you do differently?

· Could you achieved the task quicker on your own?

· Would it have been as good a design?

· How do you feel about your design?

Specific to Pair Coding task.
· If task not complete then what percentage?

· Did you learn any new tips?

· Was it easy to settle into coding?

· After having the experience would either of you say that you have Pair Programmed before?

6.4 Appendix IV: Design Task – Work Sheets.

Individual – Sheet 1 (Notes, object list with variables and methods).
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Individual – Sheet 2 (Entity relationship diagram explaining scenario).
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Pair – Sheet 1 (High level object list).
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Pair – Sheet 2 (Intermediate object list).
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Pair – Sheet 3 (Object list with variables and methods).
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Pair – Sheet 4 (First attempted scenario sequence).
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Pair – Sheet 5 (Second attempted scenario sequence).
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Pair – Sheet 6 (Object hierarchy diagram).
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Pair – Sheet 7 (Entity relationship diagram explaining scenario).
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6.5 Appendix V: Coding Task – Code Listings.

Source Listing – Original Code.

Module 1 – Mail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 09:56

 */

import java.util.*;

import java.io.*;

/**

 *

 * @author  Murph

 */

public class Mail {

    /*

     * Constants.

     *

     * FILE_NAME - Name of the input file that contains all the mail messages.

     * OUTPUT_DIR - The target destination for the output files.

     */

    public final static String FILE_NAME = "C:\\Z_Mail\\mail.txt";

    public final static String OUTPUT_DIR = "C:\\Z_Mail";

    /**

     * Main program - Open the mail file and separate out the individual messages.

     */

    public static void main(String[] args) {

        /*

         * Local variables.

         */

        boolean success = false;

        /*

         * Check to see if the output directory exists.

         * If it does not try and create it

         */

        if ( ! dirExist(OUTPUT_DIR)) {

            success = (new File(OUTPUT_DIR)).mkdirs();

            if ( ! success ) {

                System.out.println("Output directory does not exist and cannot create: " + OUTPUT_DIR);

                System.exit(-1);

            }

        }

        /*

         * Check to see if the Input file exists.

         */

        if ( ! fileExist(FILE_NAME) ) {

                System.out.println("Input file does not exist: " + FILE_NAME);

                System.exit(-1);

            }

        /*

         * Open the input file and seperate out the mail messages.

         */

        ReadMail r = new ReadMail(OUTPUT_DIR, FILE_NAME);

    }

    /*

     * Local function which returns true if a passed directory name exists.

     */

    private static boolean dirExist(String Directory) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(Directory);

        /*

         * Check if the directory name passed exists and that it is a directory.

         */

        if (name.exists() && name.isDirectory()) {

            result = true;

        }

        return result;

    }

    /*

     * Local function which returns true if a passed file name exists.

     */

    private static boolean fileExist(String FileName) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(FileName);

        /*

         * Check if the file name passed exists and that it is a file.

         */

        if (name.exists() && name.isFile()) {

            result = true;

        }

        return result;

    }

}

Module 2 – ReadMail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 10:09

 */

import java.io.*; //input and output classes

/**

 *

 * @author  Murph

 */

public class ReadMail {

    /*

     * Instance variables.

     */

    private String Directory;

    private String FileName;

    /*

     * Creates a new instance of ReadMail 

     */

    public ReadMail(String Directory, String FileName) {

        /*

         * Set instance variables.

         */

        this.Directory = Directory;

        this.FileName = FileName;

        /*

         * Local variables.

         */

        String s;

        String fileText = "";

        int counter = 0;

        /*

         * Read the specified file.

         * Read each line until the <EOM> marker is read. At this point write the text to a file.

         * Once the specified file has been read close it.

         */

        try {

            BufferedReader r = new BufferedReader(new FileReader(FileName));

            while ( (s = r.readLine()) != null ) {

                if ( s.equals("<EOM>")) {

                    counter++;

                    WriteMessage w = new WriteMessage(Directory + "\\Message_" + counter + ".txt",fileText);

                    fileText = "";

                } else {

                    fileText += s + "\n";

                }

            }

            r.close();

        }

        catch( IOException e) {

            System.out.println("Error when trying to write file.");

        }        

    }

}

Module 3 – WriteMessage.java.

/*

 * WriteMessage.java

 *

 * Created on 21 July 2004, 11:50

 */

import java.io.*; //input and output classes

/**

 *

 * @author  Murph

 */

public class WriteMessage {

    /** Creates a new instance of WriteMessage */

    public WriteMessage(String fileName, String text) {

        try {

            FileWriter writer = new FileWriter(fileName,false);

            writer.write(text);

            writer.close();

        }

        catch( IOException e) {

            System.out.println("Error when trying to write to a file.");

        } 

    }    

}

Source Listing – Modified Code.

Module 1 – Mail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 09:56

 */

import java.util.*;

import java.io.*;

/**

 *

 * @author  Murph

 */

public class Mail {

    /*

     * Constants.

     *

     * INPUT_DIR - Name of the input file that contains all the mail messages.

     * OUTPUT_DIR - The target destination for the output files.

     * PROCESSED_DIR - Directory for processed mail files.

     */

    public final static String INPUT_DIR = "C:\\Z_Input";

    public final static String OUTPUT_DIR = "C:\\Z_Mail";

    public final static String PROCESSED_DIR = "C:\\Z_Processed";

    /**

     * Main program - Open the mail file and seperate out the individual messages.

     */

    public static void main(String[] args) {

        /*

         * Local variables.

         */

        boolean success = false;

        int counter = 0;

        /*

         * Check to see if the output directory exists.

         * If it does not try and create it

         */

        if ( ! dirExist(OUTPUT_DIR) ) {

            success = (new File(OUTPUT_DIR)).mkdirs();

            if ( ! success ) {

                System.out.println("Output directory does not exist and cannot create: " + OUTPUT_DIR);

                System.exit(-1);

            }

        }

        if ( ! dirExist(INPUT_DIR) ) {

            success = (new File(INPUT_DIR)).mkdirs();

            if ( ! success ) {

                System.out.println("Input directory does not exist and cannot create: " + INPUT_DIR);

                System.exit(-1);

            }

        }

        if ( ! dirExist(PROCESSED_DIR) ) {

            success = (new File(PROCESSED_DIR)).mkdirs();

            if ( ! success ) {

                System.out.println("Processed directory does not exist and cannot create: " + PROCESSED_DIR);

                System.exit(-1);

            }

        }

        /*

         * Open the input file and seperate out the mail messages.

         */

        File inputDir = new File(INPUT_DIR);

        String listing[] = inputDir.list();

        for (int i = 0;i < listing.length;i++) {

            ReadMail r = new ReadMail(OUTPUT_DIR, INPUT_DIR + "\\" + listing[i],i);

            File f = new File(inputDir.getPath() +"\\" + listing[i]);

            File g = new File(PROCESSED_DIR + "\\" + listing[i]);

            f.renameTo(g.getAbsoluteFile());

        }

    }

    /*

     * Local function which returns true if a passed directory name exists.

     */

    private static boolean dirExist(String Directory) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(Directory);

        /*

         * Check if the directory name passed exists and that it is a directory.

         */

        if (name.exists() && name.isDirectory()) {

            result = true;

        }

        return result;

    }

    /*

     * Local function which returns true if a passed file name exists.

     */

    private static boolean fileExist(String FileName) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(FileName);

        /*

         * Check if the file name passed exists and that it is a file.

         */

        if (name.exists() && name.isFile()) {

            result = true;

        }

        return result;

    }

}

Module 2 – ReadMail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 10:09

 */

import java.io.*; //input and output classes

/**

 *

 * @author  Murph

 */

public class ReadMail {

    /*

     * Instance variables.

     */

    private String Directory;

    private String FileName;

    private int mailFileNo;

    /*

     * Creates a new instance of ReadMail

     */

    public ReadMail(String Directory, String FileName, int mailFileNo) {

        /*

         * Set instance variables.

         */

        this.Directory = Directory;

        this.FileName = FileName;

        this.mailFileNo = mailFileNo;

        /*

         * Local variables.

         */

        String s;

        String fileText = "";

        int counter = 0;

        /*

         * Read the specified file.

         * Read each line until the <EOM> marker is read. At this point write the text to a file.

         * Once the specified file has been read close it.

         */

        try {

            BufferedReader r = new BufferedReader(new FileReader(FileName));

            while ( (s = r.readLine()) != null ) {

                if ( s.equals("<EOM>")) {

                    counter++;

                    WriteMessage w = new WriteMessage(Directory,"\\Message_MF_" + mailFileNo + "_MSG_" + counter +".txt",fileText);

                    fileText = "";

                } else {

                    fileText += s + "\n";

                }

            }

            r.close();

        }

        catch( IOException e) {

            System.out.println("Error when trying to write to a file.");

        }

    }

}

Module 3 – WriteMessage.java.

/*

 * WriteMessage.java

 *

 * Created on 21 July 2004, 11:50

 */

import java.io.*; //input and output classes

/**

 *

 * @author  Murph

 */

public class WriteMessage {

    /** Creates a new instance of WriteMessage */

    public WriteMessage(String Directory

                       ,String fileName

                       ,String text) {

        int first;

        int last;

        String name;

        try {

            /*

             * Get name of User from text.

             */

            first = text.indexOf(" ") + 1;

            last = text.indexOf("\n");

            name = text.substring(first,last);

            System.out.println("User name: " + name);

            /*

             * Create user directory if user does not exist.

             */

            File userDir = new File(Directory + "\\" + name);

            if ( ! userDir.exists() ) {

               if ( ! userDir.mkdir() ) System.out.println("Unable to create directory.");

            }

            System.out.println(userDir.getPath());

            /*

             * Write message to text file.

             */

            FileWriter writer = new FileWriter(userDir.getPath() + fileName,false);

            writer.write(text);

            writer.close();           

        }

        catch( IOException e) {

            System.out.println("Error when trying to write to a file.");

        } 

    }       

}

Source Listing – Individual Code.

Module 1 – Mail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 09:56

 */

import java.util.*;

import java.io.*;

/**

 *

 * Main Program - Read a file and split it up into its individual mail messages.

 */

public class Mail {

    /*

     * Constants.

     *

     * FILE_NAME - Name of the input file that contains all the mail messages.

     * OUTPUT_DIR - The target destination for the output files.

     */

    //public final static String FILE_NAME = "C:\\Z_Mail\\mail.txt";

    public final static String INPUT_DIR = "C:\\Z_Mail_Input";

    public final static String OUTPUT_DIR = "C:\\Z_Mail";

    /**

     * Main program - Open the mail file and seperate out the individual messages.

     */

    public static void main(String[] args) {

        /*

         * Local variables.

         */

        boolean success = false;

        /*

         * Check to see if the output directory exists.

         * If it does not try and create it

         */

        if ( ! dirExist(OUTPUT_DIR)) {

            success = (new File(OUTPUT_DIR)).mkdirs();

            if ( ! success ) {

                System.out.println("Output directory does not exist and cannot create: " + OUTPUT_DIR);

                System.exit(-1);

            }

        }

        /* Check same for input directory? */

        /*

         * Check to see if the Input file exists.

        if ( ! fileExist(FILE_NAME) ) {

                System.out.println("Input file does not exist: " + FILE_NAME);

                System.exit(-1);

            }*/

        /*

         * Open the input file and seperate out the mail messages.

         */

        ReadMail r = new ReadMail(INPUT_DIR);

        /*, FILE_NAME); */

    }

    /*

     * Local function which returns true if a passed directory name exists.

     */

    private static boolean dirExist(String Directory) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(Directory);

        /*

         * Check if the directory name passed exists and that it is a directory.

         */

        if (name.exists() && name.isDirectory()) {

            result = true;

        }

        return result;

    }

    /*

     * Local function which returns true if a passed file name exists.

     */

    private static boolean fileExist(String FileName) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(FileName);

        /*

         * Check if the file name passed exists and that it is a file.

         */

        if (name.exists() && name.isFile()) {

            result = true;

        }

        return result;

    }

}

Module 2 – ReadMail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 10:09

 */

import java.io.*; //input and output classes

import java.util.*;

/**

 *

 * @author  Murph

 */

public class ReadMail 

{

    /*

     * Instance variables.

     */

    private String Directory;

    //private String FileName;

    private List directorylist;

    private Iterator iterator;

    /*

     * Creates a new instance of ReadMail 

     */

    public ReadMail(String Directory)

    {

    /*, String FileName) {*/

        /*

         * Set instance variables.

         */

        this.Directory = Directory;

        //this.FileName = "C:\\Z_Mail_Input\\mail";

        /*

         * Local variables.

         */

        String s;

        String fileText = "";

        int counter = 0;

        /*

         * Read the specified file.

         * Read each line until the <EOM> marker is read. At this point write the text to a file.

         * Once the specified file has been read close it.

         */

        try 

        {

            File mail_directory = new File(this.Directory);

            System.out.println("Current directory = " + mail_directory.toString() + "\n");

            if ( mail_directory.isDirectory() )

            {

                String directory[] = mail_directory.list();

                /*

                for ( int i = 0; i < directory.length; i++)

                {

                    System.out.println(directory[i] + "\n");

                }

                 */

                //System.out.println(directory.length + "\n");

                directorylist = Arrays.asList( directory );

                iterator = directorylist.iterator();

                while ( iterator.hasNext() )

                {

                    String output_dir;

                    String current_file = (String)iterator.next();

                    System.out.println("Current file = " + current_file + "\n");

                    BufferedReader r = new BufferedReader( new FileReader( current_file ) );

                    while ( (s = r.readLine()) != null ) 

                    {

                        if ( s.equals("<EOM>")) 

                        {

                            counter++;

                            WriteMessage w = new WriteMessage(Directory + "\\Message_" + counter + ".txt",fileText);

                            fileText = "";

                        }

                        else if ( s.equals("User:") )

                        {

                            /* Stuff*/

                        }

                        else 

                        {

                            fileText += s + "\n";

                        }

                    }

                    r.close();

                }

            }

            else

            {

                System.out.println("\nInput directory is not a directory.\n");

            }

        }

        catch( IOException e) {

            System.out.println("Error when trying to write to a file.");

        }        

    }

}

Module 3 – WriteMessage.java.

/*

 * WriteMessage.java

 *

 * Created on 21 July 2004, 11:50

 */

import java.io.*; //input and output classes

/**

 *

 * @author  Murph

 */

public class WriteMessage {

    /** Creates a new instance of WriteMessage */

    public WriteMessage(String fileName, String text) {

        try {

            FileWriter writer = new FileWriter(fileName,false);

            writer.write(text);

            writer.close();

        }

        catch( IOException e) {

            System.out.println("Error when trying to write to a file.");

        } 

    }    

}

Source Listing – Pair Code.

Module 1 – Mail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 09:56

 */

import java.util.*;

import java.io.*;

/**

 *

 * @author  Murph

 */

public class Mail_1 {

    /*

     * Constants.

     *

     * FILE_NAME - Name of the input file that contains all the mail messages.

     * OUTPUT_DIR - The target destination for the output files.

     */

    /**

     * Main program - Open the mail file and seperate out the individual messages.

     */

    public static void main(String[] args) {

        /*

         * Local variables.

         */

        boolean success = false;

        /*

         * Check to see if the output directory exists.

         * If it does not try and create it

         */

        if ( ! Helpers.dirExist(Helpers.OUTPUT_DIR)) {

            success = (new File(Helpers.OUTPUT_DIR)).mkdirs();

            if ( ! success ) {

                System.out.println("Output directory does not exist and cannot create: " + Helpers.OUTPUT_DIR);

                System.exit(-1);

            }

        }

        /*

         * Check to see if the Input file exists.

         */

        if ( ! Helpers.dirExist(Helpers.INPUT_DIR) ) {

                System.out.println("Input directory does not exist: " + Helpers.INPUT_DIR);

                System.exit(-1);

            }

        //  Get all the files in InputDir

        File inputDir = new File(Helpers.INPUT_DIR);

        String[] fileNames = inputDir.list();

        for (int i=0; i<fileNames.length; i++) {

            String thisFileName= fileNames[i];

            /*

             * Open the input file and seperate out the mail messages.

             */

            ReadMail_1 r = new ReadMail_1(Helpers.OUTPUT_DIR, Helpers.INPUT_DIR + thisFileName);

        }

    }

    /*

     * Local function which returns true if a passed directory name exists.

     */

    /*

     * Local function which returns true if a passed file name exists.

     */

    private static boolean fileExist(String FileName) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(FileName);

        /*

         * Check if the file name passed exists and that it is a file.

         */

        if (name.exists() && name.isFile()) {

            result = true;

        }

        return result;

    }

}

Module 2 – ReadMail.java.

/*

 * ReadMail.java

 *

 * Created on 21 July 2004, 10:09

 */

import java.io.*; //input and output classes

/**

 *

 * @author  Murph

 */

public class ReadMail_1 {

    /*

     * Instance variables.

     */

    private String Directory;

    private String FileName;

    /*

     * Creates a new instance of ReadMail 

     */

    public ReadMail_1(String Directory, String FileName) {

        /*

         * Set instance variables.

         */

        this.Directory = Directory;

        this.FileName = FileName;

        /*

         * Local variables.

         */

        String s, firstLine, user;

        String fileText = "";

        int counter = 0;

        /*

         * Read the specified file.

         * Read each line until the <EOM> marker is read. At this point write the text to a file.

         * Once the specified file has been read close it.

         */

        try {

            BufferedReader r = new BufferedReader(new FileReader(FileName));

        //Get user name for directory title   

            firstLine = r.readLine();

            user = firstLine.substring(6);

        //Check directory exists and create if not

            String path = Helpers.OUTPUT_DIR + user;

            if(!Helpers.dirExist(path)){

                boolean success = (new File(path)).mkdirs();

                if(!success){

                System.out.println("Failed to create directory");

                }

            }

            fileText = firstLine;

            while ( (s = r.readLine()) != null ) {

                if ( s.equals("<EOM>")) {

                    counter++;

                    WriteMessage w = new WriteMessage(path + "\\Message_" + counter + ".txt",fileText);

                    fileText = "";

                } else {

                    fileText += s + "\n";

                }

            }

            r.close();

        }

        catch( IOException e) {

            System.out.println("Error when trying to write to a file.");

        }        

    }

}

Module 3 – WriteMessage.java.

/*

 * WriteMessage.java

 *

 * Created on 21 July 2004, 11:50

 */

import java.io.*; //input and output classes

/**

 *

 * @author  Murph

 */

public class WriteMessage {

    /** Creates a new instance of WriteMessage */

    public WriteMessage(String fileName, String text) {

        try {

            FileWriter writer = new FileWriter(fileName,false);

            writer.write(text);

            writer.close();

        }

        catch( IOException e) {

            System.out.println("Error when trying to write to a file.");

        } 

    }    

}

Module 4 (new  module) – Helpers.java.

/*

 * Helpers.java

 *

 * Created on 05 August 2004, 16:51

 */

import java.util.*;

import java.io.*;

/**

 *

 * @author  Study

 */

public class Helpers {

    public final static String INPUT_DIR = "C:\\Z\\";

    public final static String OUTPUT_DIR = "C:\\Our_Mail\\";

    /** Creates a new instance of Helpers */

    public Helpers() {

    }

    public static boolean dirExist(String Directory) {

        /*

         * Local variables.

         */

        boolean result = false;

        /*

         * Create a new file object.

         */

        File name = new File(Directory);

        /*

         * Check if the directory name passed exists and that it is a directory.

         */

        if (name.exists() && name.isDirectory()) {

            result = true;

        }

        return result;

    }

}
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