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Abstract 
 
 
 
 

Extreme programming is an agile software 
development process, which has gained a lot of 
publicity the last couple of years. It has also brought 
Pair Programming into new light. Research and 
experiments have shown that the usage of Pair 
Programming can increase the quality in software 
development. People who used Pair Programming are 
usually satisfied using it and they are also more 
confident in their solutions. Having a pair colleague is 
not redundancy, people bring the best out of each other 
and they produce better solutions. Wages for employees 
are today heavy costs for companies but quality and 
time aspects in software development become more and 
more important. A quantitative survey has been 
conducted among professionals and students, both with 
and without Pair Programming experience. People 
surveyed have very low resistance from the start when 
using Pair Programming. They actually find benefits 
from it compared to being singles, but they think it 
should not be used on every task and at every time.  

This report investigates if Pair Programming is a 
technique to increase quality and productivity within 
software development. We also address business related 
aspects compared to the usage of Pair Programming as 
well as management aspects to see if we can find other 
synergy effects from the use of Pair Programming. 

 
Keywords: Pair programming, collaborative 
programming, knowledge management, business 
management. 
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In this part we have an introduction chapter. A 
second chapter where we explain common terms used 
with Pair programming. The third chapter introduces 
the background of Pair Programming and a literature 
study related to research on Pair Programming. 
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Chapter 1 
 

“Pair programming really deserves its own book. It is a subtle skill, one that you can spend the 
rest of your life getting good at”. 

Kent Beck1 

 

 

 

 

 

 

 

 

1 Introduction 
 

This chapter gives an introduction to the background to the subject of Pair Programming 
and the motivation for this thesis. We also address the research questions. Some hypotheses 
and methods used during this thesis are also described here. Finally there is an outline of the 
thesis. 

 

1.1 Background for the thesis 
Since the first defects [or bugs if you prefer] showed up the software industry has constantly 
sought for different efficient methods to detect and remove these defects. Later on the 
industry has also adapted additional methods to prevent defects in software. This since the 
earlier they are found the cheaper they are to handle. Testing time of code for a whole 
project can take about 50% of the total time from the development budget [Brooks 1995, p. 
20]. According to Brooks we usually estimate lesser hours due to our optimism of the 
number of defects and to our actual productivity. He says that we are time optimists and that 
we expect fewer defects than the actual value. 

Much effort has been put into combining different methods and tasks into a total solution to 
the software problem, to produce defect free code [or at least as free as it is usable and 
durable], in the most efficient way possible. Over time we have been adding method after 
method trying to cover every weak spot; pre-made architecture to fill the gap for today’s 
needs and tomorrow’s possible demands, low-level design, and so on, even though we 
usually do the real and actual design when we implement the code [DeMarco 1997, p. 175]. 

                                                 
1 Extreme Programming Explained, Embracing Change [Beck 1999a]. 
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All this is made to prevent defects from occurring in the software. For the detection and 
removal of defects the number of methods is even longer; with inspection, reviews, 
walkthroughs etc. made to find the defects by reading and to produce tests to cover all the 
thought possible failures. Additional hours are spent on the documentation from what tasks 
that should be conducted, how it is done and a final report of the final outcome. For every 
new defect found and corrected new papers are produced and the pile of papers grows bigger 
for everyday. Everything is documented to prevent such a defect from occurring again. Yet 
we cannot develop software products without defects and probably will we never be able to 
do it. 

 

Why is it so hard then? 
A lot of techniques used in software engineering has been transferred from other engineering 
techniques from other industries, but the difference in complexity is magnitudes higher for 
software than other tasks, because no parts ever look the same [Brooks 1995, pp. 182-186]. 
If they do look the same, then we simply put them together into one piece. Scaling up 
something is usually to repeat the work but with larger building blocks, but in software 
scaling-up means an increase in the number of different elements used. The interactions 
between them are linear but the complexity between them increases even more rapidly, 
nearly exponential according to Brooks. 

That is why the usage of methods from other engineering techniques is not always the best 
approach in software development. According to Brooks computers (the hardware) are one 
of the most complex machine mankind ever built, since they have a lot of states. The states 
and the complexity for the software running on them are essentially very much higher. 

 

The silver bullet 
Pair Programming (PP) is a technique where people are collaboratively working together 
with one task, using one computer and it is fully described in the next chapter. 

So is Pair Programming the silver bullet then? No it is not and we will probably never find 
one because of the complexity in software development. To solve the software problem we 
have through decades, added additional methods and new tasks into the process. We believe 
time has come for the other way around, to take away as much as you can, using a minimum 
of methods and tasks that it still works. We do believe in simplicity and simple solutions that 
can interact to solve the complexity of software. Newer lightweight development methods, 
described more in the next chapter, have had their births out of simple forms and solutions 
that work [or at least work better]. Their common factors are agile2 and dynamic adaptation 
to customers needs and with a close means of collaborative communication with the 
customer and within the team. 

One of these agile methods is Extreme Programming3 (XP) and what they use are not any 
new methods (practices), but old practices they have seen working over time. Now mixed, 
renamed and added together into a development process. One of these practices in XP is Pair 
Programming. 

 

Evidence 
The aim with this thesis is not to come up with or show any explicit evidence that people can 
get it done twice as fast with two persons working together than compared to a single one on 
the same task. We not even think anyone actually can show such evidence, but we believe 
                                                 
2 Agile is better explained in the next chapter (see 2.3), page 11. 
3 Extreme Programming and its 12 practices are also shortly presented in the next chapter (2.2). 
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there is so much more to it. The complexity and many parameters affecting other parts in 
software development that cannot ever be measured or be indirectly measured, thus Pair 
Programming cannot be said to be a negative factor in development.  

A single row is so simple by itself but it is when it is put together with other rows and states 
the complexity increases rapidly. Somewhere it is so easy to insert a defect, which later on 
can cost much or little to find and correct. How do you really measure and learn how to 
prevent it when any software developed is not a repeated process (such a repeat would only 
be another identical copy)? We think you actually cannot. 

One important factor why we cannot measure single methods is because of the developer’s 
skill varies too much and how effectively they use it [Davis 1996]. Davis also claims that if 
the positive effect is not shown obvious then we should forget it. But with that statement he 
also states that if we have something that works then it is usually no meaning to change to 
the new one if we are not quite sure for the new effects. We always know what we have but 
never what we will get. This is also why newer, sometimes more radical, issues like agile 
development software processes will take time to implement into organizations.  

 

Where are we getting at? 
Software development does not work well enough yet. There are still too many projects not 
fulfilling their needs or demands, so still we are thriving for new methods and better 
solutions. There are two issues people always strive for and those are the methods that really 
work and ease our task, and effective ways of conducting them. Another issue here is that 
people must feel confidence in the methods and like to do them otherwise they are mostly 
doomed. This is the case for Pair Programming as well. 

But we have confidence and believe that there might be much to gain from these new 
upcoming agile software development processes and a potential in Pair Programming. But 
how much, or if it is the case, is something we actually do not know. Some of these interests 
also lay behind research and thesis like this: the search for an answer. 

 

1.2 Aim of the thesis 
The aim with this thesis is therefore to research and see if we can find additional issues 
where Pair Programming might add value and thus become an economic factor for 
development companies.  

We should try to evaluate if the software development industry should adapt to Pair 
Programming or not. See if we can find issues where Pair Programming can reduce cost 
and/or increase the overall quality of the developed software. We study if there might be 
special factors or occasions telling us when the industry should adapt and use Pair 
Programming.  

 

1.3 Research questions 
The research questions this thesis should try to answer are: 

o Can the extra cost of using Pair Programming increase quality in software and 
reduce cost in other perspectives or not? 

o Can possible benefits and synergy effects out of Pair Programming make it cost 
effective in software development? 
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1.4 Research methods 
The research methods used in this thesis is a survey to see what developers think about Pair 
Programming vs. programming as individuals. Do they have much resistance in using PP and 
where can we expect the highest benefits from it? Can PP result in higher quality and/or can 
it reduce usage of other methods? 

We have also studied and summarized other case studies and experiments in PP efficiency in 
the literature study. 

In our second part in this thesis have we also set up hypothetical discussions from different 
angles to see if there is implicit synergy effects found that can strengthen the efficiency of 
using Pair Programming. 

In this second part are the following hypotheses discussed, to see if Pair Programming can: 

o Strengthen the communication and understanding between people. 

o Increase the total quality in software. 

o Reduce inspection time and testing time. 

o Be an effective instrument for knowledge management, creation, spreading and 
learning. 

o A competitive factor for reducing total development time, i.e. Time-to-market 
issues. 

 

1.5 Thesis outline 
This thesis is separated into 3 parts. The first part contains this introduction, common terms 
used with PP, its background and a research study of present literature. Part two, chapters 4-
7, is built upon discussions if Pair Programming can be a positive factor if used or used 
instead of other methods. Research about Pair Programming is only a few years old and it 
has mainly focused on figures of productivity. Therefore we think researchers must 
investigate the implicit synergy effects we might find from the use from PP. The reader 
should therefore note that this part is more from a view of discussion related into new topics. 
These topics need to be more examined and evaluated more before we can draw real 
conclusions from them. The last part contains the survey, its design, results and the final 
concluding chapter. 

In chapter 2 we start with a description of common terms used in Pair Programming and in 
this thesis. There are also brief descriptions of related subjects to PP such as Extreme 
Programming and Agile Development Processes. Chapter 3 then contains the background 
and the related research of Pair Programming today. In chapters 4 and 5 some issues are 
raised about the importance in communication and in management of knowledge using PP. 
In chapter 6 some hypotheses with PP as a quality increaser instead of inspections, etc. are 
addressed. Chapter 7 continues to address quality issues from a market perspective. The 
background description and the outline and design for the survey are presented in chapter 8 
and in the following chapter the results are presented. Finally in chapter 10 the future 
suggestions, some personal reflections, a discussion and a conclusion of the whole work are 
presented. 
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Chapter 2 
 

In the field of IT, we are just emerging from a time in which armour (process) has been king. 
And now we are moving into a time when only mobility matters. Building a product the right 
way still sounds like a laudable goal, but – let’s face it – what really matters today is building it 
fast. Because we are process-obsessed in our field, we have tended to react to this new 
imperative as we reacted to the imperatives thrust upon us in the 1980s and 1990s. We have 
asked, “What shall we add to our process to deal with this new situation?” No answer to that 
question is going to be right because the question itself is wrong. 
What the new mobility imperative requires is that we subtract from process: We need to get 
light. 

Tom DeMarco4 

 

 

 

 

2 Pair Programming: A short description and 
its context 
 

In this chapter we go through Pair Programming as a technique, look what it is and what it 
is not, and its different terminology. We also go through some of the related tasks and 
context to Pair Programming, as Extreme Programming (XP) and Agile development. We 
hope we thus can reduce misunderstandings, get to the same level and for those not familiar 
with this terminology some of it should be new pure knowledge. Further on in this thesis we 
are going to relate to these methods and terminology and hopefully this chapter provides a 
good basis. 

 

2.1 Pair Programming 
The ground parts in Pair Programming are quite straightforward and easy to understand. 
There is merely one simple rule: two persons sit together and jointly solving one common 
task either with pen and paper or with a computer, with one keyboard and mouse [Beck 
1999a; Jeffries 2000; Williams and Kessler 2000a]. But there are some additional rules and 
terminology, though, which we go through here. 

As said Pair Programming is a technique for software developers where two persons 
collaborate with a programming task, i.e. they do not sit beside each other and solving two 
different tasks as individuals. They have just one artefact and as a pair they are working 
together as equals, and they solve the task as a single unit. “The two programmers are like a 

                                                 
4 Part of foreword by DeMarco in Planning Extreme Programming [Beck and Fowler 2001] 
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coherent, intelligent organism working with one mind,” [Williams and Kessler 2000a]. After 
some practices and training they should become better and better and act like one individual 
but with two minds and four eyes. Pairing is a skill and it will not start out easy, it will take 
some while to get comfort with it [Wake 2001, p. 72]. 

Therefore when Pair Programming they use only one computer, keyboard and mouse per 
pair. 

 

What it not is 
It is definitely not just one person actually working while the other’s watching. As Kent 
Beck, one of the founder of XP, states “Just watching someone program is about as 
interesting as watching grass die in a desert” [Beck 1999a]. Instead there is a close 
communication between the individuals in a pair, and they have a constant understanding 
and agreement on the solutions between them. They collaborate and communicate 
intensively to find the best and simplest solution possible. 

Pair Programming is not just only about producing the actual code, the programming. PP is 
also the collaborating as pairs with tasks as: analysis, architecture and low-level design, test 
or other software related problems affecting the software and its quality. It is a chain of 
development tasks where persons conduct all the tasks as pairs together with all their 
colleagues. 

 

Driver 
Both persons in the pair have each a role when pairing. One is the driver and that is the 
person of the pair that has the keyboard and mouse or pen and pencil, thus has the actual 
control of the task that is conducted and he is the one that is recording it or typing it [Jeffries 
2000, p. 108; Williams and Kessler 2000a].  

 

Observer 
The other person is his or her partner, an observer. He/she5 is not a passive observer, as we 
said, instead he is continuously observing and checking the work and is trying to find tactical 
defects as syntactic errors, misspellings, etc. thus the he reduces a lot of defects instantly. 
But during the same time he also thinks strategically about the next tasks and tries to have 
the whole direction of the work clear [Williams and Kessler 2000a]. 

The observer work through questions such as - 

o Is this approach going to work? 

o . . . or is there a better strategy for the future? 

o Will this lead to a dead end further on or can we get through? 

o What will be the next problem and how can we solve that the best? 

 

Switch 
Instead of moving chairs Pair Programmers, as an unspoken rule, switch the keyboard and 
mouse between them instead. The developers that are pairing together periodically switch 
roles between being the driver and being the observer during a single session. Pairing is a 
dynamic settling. With further practice pairs will even develop a sense when to switch 

                                                 
5 Hereafter we will only use he for both he and she, since the majority of developers are male. 
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between being the driver and the observer, instead of asking “Can I drive?” [Wake 2000, p. 
69]. 

But they also internally change partners between other pairing persons within the whole 
team. So when it is time for example for the next task, then you might be paired with a 
totally new person. Pairing is therefore not a static solution in working partners. In Pair 
Programming they ask each other if there is someone who is willing to pair with them, and a 
new pair is then created to work with a new task. 

 

The working environment 
The working space needs to be open to allow people to PP and to allow team members to 
collaborate, instead of usual cubic working places (as in the US) [Wake 2000, p. 134] or as 
small separated rooms (like here in Sweden). But as long as two persons can sit beside each 
other on just one desk they still can be pairing [Beck 1999a]. 

 

 

2.2 Extreme Programming 
Extreme Programming (XP) is a quite new software development process that has tried to 
focus on what is really important to produce high quality software and to reduce everything 
else to stay light and dynamic. The main purpose is to be adaptive to constantly changing 
requirements, XP even embrace them [Beck 1999a]. An incredible fast breakthrough has 
been seen worldwide among skilled developers for XP. Maybe because XP is created by 
developers to other developers using their best practices to solve development problems, i.e. 
from the bottom and up and not the other way around.  

Pair Programming is one of its key practices and much of XP’s success is related to the use 
of just Pair Programming according to the founders of XP [Williams et al. 2000]. 

 

Background 
The roots of XP come originally from a close collaboration between Kent Beck and Ward 
Cunningham in the community of Smalltalk usage in the late 1980s [Beck 1999a]. But it has 
its real birth and final formalization when Kent Beck as a consultant, with Ward and Ron 
Jeffries made a project at Chrysler, the C3 project (Chrysler Comprehensive Compensation), 
into a success [Beck 1999a; Williams et al 2000]. The project, a payroll system was first 
declared a failure, but later on when restarted using the XP principles (see below) it became 
a success [Anderson et al. 1998]. They threw all the previous code and restarted the whole 
project from scratch. Thus XP’s birth is dated to its beginning at the spring of 1996. 

 

Light and adaptive 
Instead of older heavyweight processes, which many times rely on waterfall development 
and strong formal documentation etc., XP is an agile and lightweight method that uses rapid 
feedback and close communication to maximize delivered value. It is a methodology for 
small to medium sized teams, up to 10 persons. Its strength is that it handles rapidly 
changing or vague requirements and it easily adapts to the current situation. One of their 
goals in XP is to rapidly create something that can be used in real production. Because of 
real production usage the customer feedback will increase and the product will evolve faster 
and become better [Beck 1999a]. The team has a close collaboration with the customer to 
fulfil their wishes and needs. Such teams are adaptive to changes and they are self-organized. 
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XP always implements what has the highest business value first for the customer and it can 
be used both for in-house and for shrink-wrapped software development [Jeffries 2000]. 

 

Embrace change 
Extreme Programming is built upon the belief that the longer you can wait to implement 
something then the cheaper it will get. It stress that you should only implement what is 
necessary today. If something can wait then it should, just to reduce cost and because it 
might not be necessary further on. XP tries to change the increasing cost that is usually 
exponential in traditional projects, even those who are using iterative processes has an 
exponential increasing cost just because of their larger design phase in each of it is iterations 
according to Beck. One of the biggest features with XP is that it is built to handle changes 
made late. They even embrace it because the cost will be as small as it can then [Beck 
1999a].  

 

12 principles 
XP relies on twelve different principles that are not new, but old ones, simply put together to 
become a stronger unit together [Beck 1999a]. The history behind them can be read in [Beck 
1999b]. According to Beck is the sum of their interaction together larger than the sum of the 
parts. There are a lot of synergy effects to gain from them when they all collaborate together. 
Proponents of XP insist on that they should all be used and no one neglected because the 
synergy effect affect their efficiency when working together. 

 

Brief description of the principles: 

o The Planning Game – Together with the customer the developers plan the scope 
for the next release by combining business priorities and technical estimates. The 
plan is constantly updated to reflect the new reality today and the needs right now. 

o Small Releases – A simple system is set into production as quick as possible. 
Thereafter they constantly release new functionality in small portions for about in 
two-three week cycles. 

o Metaphor – A story made up to simplify how the overall system should work. This 
is made as an overarching guidance and to visualize a common goal to have in mind 
for all the developers. 

o Simple Design – The system is designed as simply as possible and all unnecessary 
additional complexity is constantly removed at any given moment. 

o Testing – Developers write unit-tests before they implementing any code for that 
section or method. Later on they continually run all the tests automatically to make 
sure the program run flawlessly and without failures. The customer also writes 
acceptance tests to make sure that the whole system fulfils their requirements. 

o Refactoring – Pairs should restructure and simplify. To remove duplication if 
possible, improve the understanding of the code or to add flexibility into it. But 
without to change the behaviour of the original system. 

o Pair Programming – See its own section above. 

o Collective Code Ownership – No single programmer “owns” any of the code or 
special parts, so anyone can change or add functionality to any existing part if they 
need. They can all change the code anywhere and at any time in the system as long 
as nothing in the test-chain is broken. 
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o Continuous Integration – Integrate the whole system hourly or at least several 
times a day. They build and integrate the system every time a task is completed to 
guarantee that the newest system is constantly up and running. 

o 40-Hour Week – No more than 40 hours work per week as a basic rule. Never 
work overtime two weeks in row, this to keep the quality up. 

o Coding Standards –All the code is written according to common preset rules. This 
also emphasizes an easiness of communication through code, and it makes it easier 
for everyone to change it, too. 

o On Site Customer – A “real” customer sits among the team, thus the team can 
directly ask the customer questions to solve upcoming problems and tasks in doubt 
quicker, just to get further without any delay. 

 

Underlying the 12 practices there are four steering values in XP: simplicity, communication, 
feedback, and courage [Beck 1999a; Wake 2001, p. 5]. They are just using four control 
variables in XP projects for their measurements, which are – cost, time, scope, and quality. 
None of the above practices are allowed to be neglected according to Beck, then he states 
that then you are not using XP, instead you are using some or several of the same principles 
as those of XP. 

By this we also say that PP is not XP, instead it is just a principle that XP uses. 

 

Today 
XP seems to be very effective and several programmers report that they think it is more 
exciting and enjoyable than other more traditional processes [Williams 2001]. Today 
companies like Ericsson, HP, IBM, Motorola, Nokia and others look at future possibilities 
through XP to let the developers themselves, by means of more self-organizational manners, 
increase the quality of software [Spin-Syd 2001]. This is due to many years of money spent 
on methods for quality assurances in software and other quality management techniques in 
software development. 

 

2.3 Agile development processes 
Not only XP but also other agile (aka "lightweight") methodologies, which have come to 
birth during the last decade, will probably change our view of how to develop software for a 
long time to come.  

All the agile methodologies have their lightweight adaptation into some common rules that 
people from different upcoming lightweight development processes formed into what they 
call the “Agile Alliance” convened in February 2001 [Beck et al. 2001; Fowler and 
Highsmith 2001]6. The result from this meeting was the formation of the alliance and the 
production of “The Manifesto for Agile Software Development”7 a 12 points agreement 
manifest signed by all the 17 formers. 

Some other examples of agile processes are: Scrum8, Adaptive Software Development 
(ASD)9, Dynamic Systems Development Methodology (DSDM)10, Crystal Methodologies11 
and Win-Win Spiral etc. [AgileUniverse; Beck et al. 2001]. 

                                                 
6 The full story can be found at: http://www.agilemanifesto.org/history.html 
7 All the agreements can be found at: http://www.agilemanifesto.org/principles.html 
8 Further information about SCRUM at: http://www.controlchaos.com 
9 Further information about ASD at: www.adaptivesd.com/ 
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The agile manifesto 
The main rule in the manifesto is to put the customers’ needs into the highest priority. They 
should always be able to change their requirements and frequently be updated with new 
software releases. The agile adaptors use easiness and simplicity as long as it is possible and 
there should be a lot of conversations, both between the customer, business people and 
among the developers. The teams are built from self-organizing adaptation and “buying in” 
in an undertaking culture. 

We are uncovering better ways of developing software by doing it and helping others do it 
[Fowler and Highsmith 2001]. 

 

The main focus is laid on the individual action and living software instead of process, tools 
and heavy documentation. They emphasize on a close collaboration with their customers and 
they are always prepared for constantly changes and changed circumstances.  Rather than 
rely on early contract-negotiations and fulfilment of agreements and requirements no longer 
needed they adapt to the new situation due to the new circumstances. 

 

Agile purpose 
The purpose with the alliance is to help others to adapt agile methods and leading the 
industry towards lean and adaptable development methodologies to make the projects 
successful. Several IT projects that had failed even after several prior attempts have become 
successes using methods like XP and Scrum [XP2002a]. These successes have led 
organizations to re-evaluate their entire approach in how to develop software. 

The people behind the Agile foundation are using these methodologies by themselves on a 
daily basis, so it is not a just behind the desk work. 

 

Pair Programming in this context 
For what we know today it is only XP that is using Pair Programming in its development 
process, but Scrum has successfully been used, as a management wrapper for XP then called 
xP@ScrumTM [ADM 1997]. Further Mike Beddle, a Scrum enthusiast has taken a new 
approach, and created a new model called Xbreed, which is a mix of Scrum with smaller 
changes about XP and architectural pattern frameworks from Christopher Alexander12 
[Beedle 2000]. 

Now we have seen the underlying context where PP fit in. In the next chapter it is time for 
the pure research of Pair Programming. There we look at the history behind it and what 
researchers have found in the subject until today. We also present some of their case studies 
and experiments. In following chapters we look at different aspects where Pair Programming 
may have an increasing effect or can have a change in how to do different tasks. 

 

 

                                                                                                                                          
10 Further information about DSDM at: http://www.dsdm.org 
11 Further information about Crystal at: http://crystalmethodologies.org/ 
12 Information about C. Alexander can be found at: 
http://www.math.utsa.edu/sphere/salingar/Chris.text.html and 
http://gee.cs.oswego.edu/dl/ca/ca/ca.html  



 

 Pair Programming research today   |   13 

 

Chapter 3 
 

One day, a very strong Elephant and a very smart Monkey went to the Owl who was known to 
be very wise to find out whether strength was better than smartness. The Owl looked around 
and found a big river on his left. So he asked both the Elephant and the Monkey to cross the 
river and to go to the other bank to pluck some fruits, which were on a very tall tree beside the 
river.  

The Monkey became afraid because he did not know how to swim. The Elephant therefore 
took him on his back and swam to the other bank. But when they got to the tree, they did not 
know how to get the fruit because the tree was exceedingly tall. Hurriedly, the Monkey jumped 
on to the tree and climbed it onto the top and took some of the fruits.  

The Elephant took the Monkey again on his back and they came to the wise Owl. The Owl 
told them that strength and smartness were of equal value because without it the Elephant 
would not have carried the Monkey in order to cross the river. And without the smartness of 
the Monkey who hurriedly climbed the tree to pluck the fruits, they would not have got the 
fruits. Strength was therefore as good as smartness. The important thing is that when two 
people meet, they should realized that with their combined efforts they are stronger, better, 
and wiser than one person. So the adage goes; “Two heads are better than one”. 

Benedict Kwane Gaisie13 

 

3 Pair Programming research today 
 

In this chapter we give a brief background of the Pair Programming history and usage. The 
rest of this chapter is then about the status of research about PP today, as well as about 
experiments and case studies about PP. We also go through different aspects we may find 
from the usage of Pair Programming. 

 

3.1 The industrial adoption 
There should hardly be any doubt that it is nothing else than Kent Beck’s XP that has 
brought Pair Programming out and into the light to the wider public. We almost also doubt 
there has been or will be any other development process that will, so quickly, get such a 
response and create such attention as XP. Several books, ten thousands of web pages, several 
conferences and a lot of other sources have given it a lot of attention, just within a couple of 
years, and it is still growing rapidly. Today there is a special yearly XP conference held in 
Sardinia, Italy, the third and latest “XP2002” was held at the University of Cagliary in 
Alghero, Sardinia, May 2002 [XP2002b]. In Sweden there has also been a conference with 
XP as their main theme [Spin-Syd 2001]. 

Over the last years success after success has been credited to XP from the development 
teams that have adopted it [for example: Beck 1999a; Yahoo Groups XP 2000] and still any 

                                                 
13 Story by Benedict Kwane Gaisie, Accra Academy School, Accra-Ghana, West Africa [Gaise]. 
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of the practices used is not actually new. Many people before had come to the same 
conclusions about having good ways of how to produce and deliver software, especially with 
changing requirements [Beck 1999b]. Even if much of the success behind XP is related to 
the usage of PP [Williams et al. 2000] still many teams use almost all the practices but PP. 
The metaphor practice and the on-site customer also seem to be some of the practices that 
are least used in XP [Yahoo Groups XP 2000]. The metaphor is mostly excluded because 
people find it hard to understand the meaningfulness of it, the on-site customer because they 
cannot get customers to support it, but Pair Programming is not used because of their doubt 
on its efficiency related to the direct cost seen in people pairing. Still do all older users of XP 
and those with higher Pair Programming experience argue for the benefits of its usage all the 
time. They plead that people should try it out for a longer time and then evaluate it 
afterwards, before rejecting it, not as today when some people used it for some days and then 
skipped it or had a colleague not keen on collaboration. If so you should try to change to a 
new partner. 

 

Scepticism 
The scepticism using PP is quite high before the first time it is used, but according to several 
studies and experiments people usually change their opinion quite fast and actually enjoy it 
instead, both as professionals [Beck 1999b; Nosek 1998; Rumpe and Schröder 2002] and as 
students [Müller and Tichy 2001; Williams and Kessler 2000a]. It seems like people have to 
be used to it before we can actually find the real benefits from PP and that they sometimes 
quite quickly change their minds about it. Experience has shown that it is enough having one 
person eager to do Pair Programming or have experience from it to become a jelled pair 
[Williams and Kessler 2000a] but that a majority of people think that a “partner buy-in” is 
almost critical to make real benefits from it. So the best way to reduce the scepticism can 
only be made from real experience and training. According to Pair Programmers, you can 
only become better and better at it, because it is a skill to learn and to master.  

 

3.2 History 
During this research we’ve also tried to find the history behind Pair Programming. But the 
answer to the origin of PP is not quite clear, probably it has had its birth at several places all 
over the world as a “help-me-out-of-this-tricky-part”, where a colleague has helped the other 
one and then stayed because they’ve both found it efficient. 

In “Extreme Programming Explained” Kent Beck explains how he became a pair 
programmer with Ward Cunningham. After college he hooked up with him and after just a 
couple of days he started to find defects in Ward’s code and soon thereafter that they moved 
their chairs together [Beck 1999a]. Since Beck has been working with software for nearly 20 
years this should have happened in the early 1980s. Larry Constantine talks about “dynamic 
duos” in the early 1990s visiting a software company, Whitesmiths, Ltd. [Williams and 
Kessler 2000a; Williams et al. 2000]. 

But there are also some older fractions of PP. One is when a concept that was called “two-
person team” was implemented for the first time in 1975, in which they apparently should 
have implemented the adage “two heads are better than one” [Jensen 1996]. It was a real-
time, multitasking system built in FORTRAN with 30,000 lines of code. The results were 
astonishing, with an average productivity of 175 lines per person-month (lppm) for each 
person compared to the peoples original documented average at 77 lppm. Dr. Randall Jensen 
also writes,  “This result is especially striking when we consider two person produced each 
line of source code”. During the system integration the defect rate was three orders of 
magnitude lower than the organization’s usually norm. Unfortunately there is no reference to 
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where the project was conducted but it is a real project developed with typical time and 
schedule constraints in a real environment and not an experiment or student study. 

Ron Jeffries writes in his book “Extreme Programming Installed”: 
Pair programming has been around for ages. We’ve heard that P. J. Plauger wrote about 
working in pairs back in the 70s, perhaps in one of his ‘Programming on Purpose’ columns, 
but haven’t been able to find the reference [2000, p. 107]. 

And if one of the founders of XP really cannot find the references or the origins to Pair 
Programming we will not be able to really do it either. 

 

The name 
The name “Pair Programming” seems like it has got its name in the early nineties when 
Ward Cunningham and Paul Chisholm both found out, at an OOPSLA workshop 1994, that 
they had a Pair Programming pattern [Wiki PairProgramming]. During a break they notified 
Jim Coplien and showed him that it should belong in his “organizational pattern language 
collection”, today that pattern is called “Developing in Pairs” [Coplien and Schmidt 1995, p. 
183-237; Harrison and Coplien 2002].  

So there are many people who have used the technique behind PP long before it has got its 
final name. 

 

3.3 Research 
As said before, Pair Programming is the most controversial among the 12 XP practices. The 
reason is as always money and in this case also the highest cost of them all, the cost of the 
personnel. PP strikes this issue by having two persons doing what just one single person can 
do, at least at the first glance. Having something in double or something extra just in case is 
called redundancy. Now there are several aspects of redundancy and we should through this 
thesis see it from two aspects. In real life we many times add extra computers etc. just in 
case our main one should pass out. That is one way to control and guarantee a certain quality 
in access but this usually cost extra. The other aspect of redundancy is to share knowledge to 
more people or have it both embodied in a person and stored in a database. Store something 
in more than one place cost extra but it is usually also a sort of guarantee to increase the 
access to it. 

Software is one of the most complex object people have ever created, magnitudes higher 
than computers which itself is a complex construction with all its states hard to test [Brooks 
1995, p. 182-183], if not impossible. Software is abstract and there is not two parts alike.  So 
in such case it is not hard to understand that we have constantly searched [and still is 
searching] for the utmost efficient way of producing software. Software is also so complex 
that just one methodology cannot change it all by itself. The development of software is a 
very expensive and unreliable construction so we need to increase the quality and 
productivity constantly. 

That is why Agile development methods become more and more used and discussed for each 
day, it seems like we need less overhead in the total process which the lightweight methods 
seem to give us. They reduce rather than add tasks into the process. So how does PP fit into 
these issues? 
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Laurie Williams 
Laurie Williams14 is today an assistant professor of computer science at North Carolina State 
University. She has previously taught at the University of Utah, where she earned her Ph.D. 
We believe she is the one who have researched this area the most until today. About 10 
articles in journals and for conferences have been produced and in 2002 she release a book 
just about PP, “Pair Programming Illuminated”. Her main interest is collaborative work and 
especial Pair Programming. Her dissertation is about Collaborative pairing where she has 
mixed Watts Humphrey’s Personal Software Process (PSP) [Humphrey 1989; Humphrey 
2000] with PP into a new process model she calls the Collaborative Software Process (CSP), 
which ended up into her PhD dissertation with the same name [Williams 2000]. She has 
strongly influenced others to research in this field and thus cannot be reckoned as unknown 
in the context of PP. 

 

Why it works 
Pair Programmers can reduce the overall time by their performance from both concurrent 
and from strategic work says Harris Kirk [Wake 2001, p. 73-74]. According to him it is 
something about the nature of our brains that makes it hard to both think at a high level while 
you are concurrently are typing with its hand-eye coordination. The other person of the pair 
is filling out the decrease of speed you would otherwise have got by not pairing. When you 
start to think in a too high level then the other can be the driver. But PP is also exhausting; 
four hours can feel like twice as much. You’d need to have a break. Another issue is the 
desire to be good enough, to be competent. This ability is usually enough to obtain better 
results in less time.  

 

Experiments & case studies 
The Chrysler Comprehensive Compensation system (C3) is not only the first but also one of 
the larger XP projects known about. Chet Hendrickson describes how the project originally 
began in January 1995 and that a year after most of the developers knew what they had done 
should never come into production, a program with fancy graphical interface taking 100 days 
calculating a month’s payroll and it calculated it wrong [Beck 1999b]. This is when they 
consulted Kent Beck for performance tuning and his advice was to restart the whole project 
from scratch. The project was launched in May 1997 and was then considered a success 
[Anderson et al. 1998].  

Since mid 1999 the system should handle all the employees’ salaries at Chrysler, about 
86,000 people and with a variation from weekly to monthly payments. In it is first release it 
handled 10,000 monthly paid employees and had about 2,000 classes with 30,000 methods 
[Williams and Kessler 2000a]. And according to this article, the only defects that were 
detected in the first months, was from code written by a single person. In the C3 project Pair 
Programming was tried out and accepted as standard [Beck 1999b]. Experienced people like 
Ron Jeffries, with over 40 years of programming experience, also concludes that PP has not 
anything with experience to do. In his first session he worked with an inexperienced 
colleague who directly found errors and misspellings in the code produced by the 
experienced Ron [Williams et al. 2000]. 

 

Professor John Nosek reports from an experiment with 15 full time professional 
programmers, where 5 pairs and 5 singles conducted a 45 minutes long experiment on a real 
and challenging problem, a database consistency check script [Nosek 1998]. The experiment 

                                                 
14 For further information about Laurie Williams see: http://collaboration.csc.ncsu.edu/laurie/ 
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was using a statistically approved technique, t-test, for small samples. The probability of the 
result due to chance was set less than 1 to 20 and was achieved nearly on all the 8 
measurements but completion time. The pairing groups spent approx 30 minutes to 
complete, this was 12 minutes less than the singles. 42% more time was spent in total 
person-minutes used and they finished approx. 30% quicker in clock time. The readability 
and the functionality of the code, for the statistically test, had top score for all the pairing 
groups and thus 0 in deviation.  

The total score was 7.60 (with a std. deviation at 0.547) for the groups with a possible 
maximum score at 8. The singles had 5.60 in their total score (with 2.607 in std. dev.). Thus 
all the pairs outperformed the individuals. The pairs also all enjoyed solving the problem in 
pairs, collaborating together. They were also more confident in their final solutions, but 
initially they had been sceptical to collaborate. Both they and the management were 
surprised from the figures and measurement they achieved. Nosek concludes that PP is 
possible to: “(1) speeding up development and (2) improving software quality”.  

Unfortunately the above experiment was only conducted with one assignment and during a 
short period of time. It would have been preferable to run it more times for pair adjustment. 

 

Flor and Hutchins made a study about collaborative pairs conducting design in the early 90s 
[Williams and Upchurch 2001]. According to Williams and Upchurch, Flor and Hutchins 
report on a distributed cognition in a collaborative programming pair. They recorded the 
exchanges of two programmers working together on a software maintenance task by using 
video and audiotape. They studied both their verbal and non-verbal behaviours with known 
distributed cognition theories as: Searching Through Larger Spaces of Alternatives.  

This theory has its base in that people collaborating usually come up with more solutions 
because they interpret the problem differently in the first place or have another view on what 
is the best solution. Together they have more solutions to select from and then can conclude 
which one is the best solution to choose. There are as many factors dealing with this 
complexity, as there are solutions to the actual problem, they state. 

 

In 1999 at the University of Utah they were conducting an experiment with 41 students 
[Williams et al. 2000]. Laurie Williams was one of the researchers that ran this experiment. 
She also held the actual course, where they compared cycle time, productivity and quality of 
the software between the groups. They were divided into 14 pairs and a control group with 
13 non-pairs and were assigned with 4 different tasks during 6 weeks duration. The first 
assignment was just made for people to jell with their partner and if that measurement is 
excluded pairs only spent about 15% more time in total when pairing (see Figure 1). 
Compared to the other experiments it seems like it takes a while before the real effects are 
shown from Pair Programming, this is also stated by several professional pair programmers 
[Beck 1999a; Beck 1999b; Jeffries 2000, p. 107; Yahoo Groups XP 2000], see also about 
“Pair Satisfaction” below. With more PP experience and in larger projects you might even 
get a speed up to twice as fast, or more, which experienced pair programmers many times 
claim that you can get. 



18   |   Increasing Quality with Pair Programming 

Relative time: Individual time vs. Pairs total time usage
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Figure 1. Difference in time related from 100% for individuals and shown for total time usage as 
Pairs15. 
 

They who paired had about 15% fewer defects in their programs (see Figure 2). These results 
also were statistically significant according to the report. A 15% increase of hours spent 
initially but with a higher quality in the programs decreases the total defect removal cost 
significantly. In the report, they are giving an example by using normal statistics in a 1000-
hour project with 50,000 LOC. If they develop with pairs they are calculating with 15% 
more time spent, i.e. 150 hours extra [Cockburn and Williams 2000]. They also calculate 
with 15% lower defect rate. In this case the pairs should end up with about 225 lesser defects 
than the singles. If 10 hour is spent on correcting a defect in average then will the cost be 15 
times higher than the use of the originally 150 hours extra spent by using pairs. Cockburn 
and Williams continues with the increasing cost after release where a single defect can cost 
up to two full week hours to correct or sixty times as much. 

Percentage of Test Cases Passed
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Figure 2. Shows how many of the instructors’ test cases that went trough i.e., these cases were 
implemented by the programmers16. 
 

In this quantitative study, the pairs did not only complete their tasks with superior quality, 
they also consistently implemented the same functionality with fewer lines of code (see 
Figure 3), compared to the individuals. From a quality aspect this indicates on better design, 
easier maintainability and a higher grade of quality solutions with fewer defects even in the 
future, according to the authors. 

                                                 
15 Data visual recreated from figure 1 [Cockburn and Williams 2000]. Data entry problem prevented 
accurate figures for program 4. 
16 Created form table data from table 1 [Williams et al. 2000] 
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Lines of Code relatively used for completion of task
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Figure 3. How many less lines the Pairs used relative to the Individuals17. 
 

Unfortunately this study does not say much about some of the real metrics as program sizes 
or actual hours spent and the deviation between the people in the different groups. They do 
not even mention what the programs were about or language used, except English for 
communication. 

 

At the University of Karlsrühe a case study about XP was made during the summer term of 
2000 [Müller and Tichy 2001]. It was a practical course held for 12 CS graduate students 
who needed a practical course as part of their degree. During the first three weeks they had 
small exercises to become familiar with XP practices. In the course they were producing 
three simple tasks and ended up with a final larger project. Only one student had experience 
from PP but most of them had experience from teamwork. One dropped the course early but 
the rest of them completed. The students had no problem adapting to pair collaboration and 
they liked the resulting problem solving process except for one team. One person wanted to 
design and the other one wanted to “get the job done”. This resulted in non-collaboration 
between them with an over-design at one hand and a bad one at the other.  

Since this study does not contain any control group with individuals there is no productivity 
measurements. The students liked to do Pair Programming but one only preferred to pair 
when they were coding complicated algorithms. The participants also thought it were a waste 
of time pairing when they created simple set and get methods. The students confirmed that 
they learned something from each other but the learning declined during the course.  

The authors do question which tasks should be done in pairs and if the main benefit “the 
higher quality” could be done more efficiently with just pair inspections instead.  

The students had an adjustment time for a lot of XP practices before the first task but this 
study is only subjective about the pairing efficiency since there was now control group. The 
authors do not mention the size of the tasks and the final project. They do not write how long 
an individual task took and what the tasks were about. This study is not just about pairing so 
what they have subjectively concluded about PP can have been affected from other practices 
not working properly, since everything was new to the pairs. 

The authors argue in their article that they want to ease up the rule about “using a single 
computer” for a pair since the students used two. But we think that they misinterpret the 
single computer usage since one of the terminals was only used as an API-dictionary for the 
Java interface. The argument to use just one single computer is that two persons should be on 
the same task collaboratively at the same time, which they also did. The other terminal they 
used can be seen as just an electronic book and thus no rules have to be softened or changed. 
There is hardly any difference between having a normal book beside you or have the same 

                                                 
17 Data visual recreated from figure 4 [Cockburn and Williams 2000]. 
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information electronically on a screen. Just having extra information on another screen might 
be a good solution since people do not have to switch windows. Another advantage might be 
that the observer can search and find what they soon need in the API and thus the speed can 
be kept, which PP and XP is about. Tasks that make the work easier and better should 
absolutely be inserted which they did in this case. 

 

A Pair Programming experiment, where 4 different C/C++ programs ranging between 150 to 
400 LOC, was performed at the Poznan University of Technology during the winter semester 
1999/2000 [Nawrocki and Wojciechowski 2001]. They divided 21 students into three 
different groups where the first groups used practices from the Personal Software Process 
PSP [Humphrey 1989; Humphrey 1995] and the other two were using some of the XP 
practices with the difference that one of the groups consisted of just a single person and the 
last groups each had a pair. Thus it was 6 groups with single PSP programmers, 5 single 
person XP groups and 5 groups with XP pairs. 

The single XP and the pairing XP groups follow each other quite much in time usage, thus 
the authors claim that PP is an expensive technology. But the pair is also slightly reducing 
their time after each task and the deviations between them are much lower, which they also 
mention as: “It indicates that pair programming is more predictable than the individual one”. 

 

When they compare the LOC per hour and person in average, then the average person using 
the PSP produces as many lines as each single person in a pairing XP group do, this could be 
because of all the overhead made from the PSP and that there is a quite long process learning 
all the steps and to become efficient with it. The single persons using XP practices are the 
most productive ones with nearly 50-70% more LOC per hour. The two first programs have 
a very little differentiation between the total LOC in average between all the three different 
main groups. But when the two last projects are compared then the single XP people are 
using 70-100 LOC more than the others (about 30-40%, visually concluded from their 
figures). This could be because the others are working in a more qualitative way and maybe 
have created better design solutions (PSP and pairing XP groups). The deviation between 
them is also larger and here it can also be seen a difference between PSP’s and the paring XP 
group’s. 

 

From a defect insertion perspective the groups had almost a similar number of defects 
conducted from a common acceptance test thus nothing indicates that the pairs created better 
quality products. How good the acceptance test was or how good the test coverage was is not 
mentioned, though. The report concludes that PP, in this case, appears less efficient than 
Nosek’s experiment [op. cit.] and the experiments from Williams et al. [op. cit]. They also 
conclude that they had a reduction to 77% of time needed in the last program for the XP 
pairs compared to the XP single persons, this figure is comparable to the 71% reported by 
Nosek [op. cit.]. 

Probably did they do this experiment and all the programs for just a day, thus people will 
probably not have had enough adjustment time to become familiar with PSP techniques 
neither XP practices used nor PP adjustment time. Williams et al. [op. cit.] had for their six 
weeks experiment a longer time to become jelled together. If we look at the last assignment 
(after a short adjustment time) we can see an actual decrease of time spent. To be able to 
evaluate the real extra time consumption by Pair Programming maybe the experiments must 
be conducted over a longer time perspective. 

In the report they do not mention if the design solutions, subjectively were better, or if the 
code was of higher quality since the pairs actually used fewer lines in their solutions. One 



 

 Pair Programming research today   |   21 

single XP person had an interpretation problem of one of the tasks. This is just one of the 
issues PP usually solves through the discussions between the collaborators. In real life, a 
misinterpreted task is a waste of time no matter for how long or how many persons doing it, 
one cannot reverse, undo and restart the real time spent and all its costs. But a pair that 
collaborate and discuss the problem to agree on how to solve it will probably assume less 
and thus have lesser misinterpretation to the problem. 

 

A quantitative survey of professional XP projects was conducted during the summer of 2001 
and 45 persons from different XP projects responded [Rumpe and Schröder 2002]. From 
those they directly approached they only had 22% in respond rate, so there is a big likelihood 
that only people positive or successful XP projects replied in this survey. There were also 
respondents that mentioned that they were not officially allowed to acknowledge that they 
were using XP, which can be even stronger for failed projects. 

So the results were that almost every project was rated as successful. 100% of the 
respondents would also use XP in the next project, if appropriate. But 6.7% wanted an 
improved XP. The most useful elements from XP were: code ownership, testing and 
continuous integration. Most criticised was the metaphor and the on-site customer. People 
also reported that they had problems with “barriers in the mind”, management was sceptic 
and developers refused to program in pairs. But the most important success factors for the 
projects were: the testing, Pair Programming, and XP’s focus on the goal (see Figure 4). The 
assessments of the 12 practices and each one of them were rated on a 9-grade scale. Most of 
them had a value of 7 with a deviation around 2 except for the metaphor (3.19) and the on-
site customer (4.09). The Pair Programming rate was 7.29 with 2.6 as the deviation.  

0,00% 5,00% 10,00% 15,00% 20,00%

Committed management, customer

Motivated team

Well trained developers

Prioritising of tasks, story card planning

Good communication to customer, mgmnt.

XP goals: quality, meets customer needs

Pair Programming

Testing

 
Figure 4. Success factors in XP projects. 
 

Figure 5 shows how helpful people found the different practices. This figure shows us that 
almost all felt that all the practices are quite helpful, except for the metaphor and the on-site 
customer. Pair Programming has, as most of them a very high value. According to the study 
are the metaphor and on-site customer the only practices that need improvements. It is odd 
that people only think that these need improvement, we think that everything should always 
tried to be improved. The survey could be made in a certain way only allowing one 
alternative, though, but it seems in general that people actually think that these two are the 
hardest ones to conduct and use. 
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Figure 518. 
 

The difficulties the projects had with the understanding and the use of the XP practices are 
shown in Figure 6. According to this survey only 15.6% found it difficult to use Pair 
Programming, but they have also stated that it was one of the three largest success factors. 
Somehow it implies that it takes a while before the effect from it is shown. 
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Figure 6. Difficulties with practices. 
 

They also report that the quality of the result was very high on all the projects and that 
people think it is fun to work this way and that the timeliness of delivery was also quite 
good. 

 

Another report presents university experience from a 4th year four persons team having a 
design project course using XP practices at the University of Calgary, Canada [Kivi et al. 
2000]. The members lacked experience both from XP practices and from software 
development. Only one had some prior experience using the development language, which 
was Java. Several of the XP practices were inserted several months after start. One of the XP 

                                                 
18 Values visual recreated from figure. “Can be improved” scale excluded from the original graph 
[Rumpe and Schröder 2002]. 
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practices used [probably from start] was Pair Programming, but four months into the project 
they stopped using it. The main reason to stop using PP according to them was that; unlike 
industry with a more fixed set of common hours they felt that they did not have the same 
ability to schedule common time and to be aligned for longer periods in the university 
environment. Thus, they felt that PP hampered their progress but that it was due to the 
scheduling problem and to the nature of the project.  

According to the students they wanted to have experienced developers to pair up with them, 
because they wanted to have some knowledge to transfer from them. But if a team should 
have a new project today with the gained knowledge, they all felt that the outcome of the 
new project and the implementation of XP then would have a more positive effect than it had 
this first time. 

 

Redundancy and quality 
Those who have not tried Pair Programming yet often reject it as redundancy i.e., having two 
persons doing one person’s job. But Pair Programming, for those who have tried it out 
enough, it is a very efficient way of producing code both from a productivity aspect as well 
as from quality aspects. Larry Constantine writes in his book Constantine on Peopleware 
that “Two programmers in tandem is not redundancy; it is a direct route to greater efficiency 
an better quality” [Williams et al. 2000]. He also noted that the code was produced faster and 
was nearly 100% defect free and it was tighter and more efficient code than usual when he 
visited a software company [Williams and Kessler 2000a] 

Experiments (see above), experienced programmers and small anecdotal stories [Yahoo 
Groups XP 2000], show that it is highly beneficial and effective. Early adopters have found 
it very productive both as professionals and as students [Kircher and Levine 2000]. Students 
have also realized that they have less defects in the code and that they learn from each other. 

Some argue, by putting people together you will get more than twice as many ways to solve 
problems. Each person contributes with his own ideas and together they will come up with 
some ideas they would not normally think about [Wiki PairProgramming]. They will also 
quicker find a better solution and they will implement it more quickly and with higher 
quality [Williams and Kessler 2000a]. The actual time they are working together as pairs will 
also be more efficient used. “Two people working together in a pair treat their shared time as 
more valuable. They tend to cut phone calls short; they do not check e-mail messages or 
favourite Web pages; they don't waste each other’s time” [Wiki PairProgramming]. 

One thing all experiments and studies use as their measuring instrument is whether two 
persons working together can produce twice as much. This is an issue that experienced PP 
people state they do, but maybe only in the whole context. Maybe we should not focus too 
much on that 200% figure. Because as complex as software is, as complex are all the 
parameters that both explicitly and implicitly affecting the time really needed to get the 
software as defect free as needed. Probably can we not find all the parameters showing the 
efficiency of a single task, just due to all the complexity involved a lot of tasks must be 
judged from subjectively, measurements can only show us a narrow scope not a single tasks 
total benefit. Kent Beck and many more experienced Pair Programmers also always argue 
that it takes a while before you actually speed up and become real fast at it. As quoted in the 
Introduction to this report “Even if you weren’t more productive, you would still want to 
pair, because the resulting code is so much higher quality” [Beck 1999a]. 

Quality is something the software industry is constantly searching for to increase and we 
constantly search for new and better techniques, but do we actually do them or do them 
properly. Under time pressure we tend to skip more and more of the real quality work. 
People start to skip writing and doing tests etc. But with a partner besides you it is less likely 
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that both of you will ignore these steps of quality work, which is also a commitment to the 
rest of your team to maintain quality [Beck 1999a]. 

To skip good practices and quality routines we might obtain high productivity in the short 
term but in a longer perspective we are not. If we aim for quality then productivity will 
follow [Jones 1994, p. 619]. PP can be used to remain and increase quality from the first 
architectural levels down to final test. Unclear design etc. made early is very costly to change 
later. People who have used PP many times say it is the primary key to a successful project 
[Baldassarre et al.]. One of the main reasons is the output of the high quality code, thus they 
see no situations where PP should not be used during the development. According to these 
authors the only defects found was in code that was not conducted by pairs. 

 

Pair pressure 
Laurie Williams has in some of her articles spoken about the positively pressure that come 
from pairing, she calls it “pair pressure” [Williams and Kessler 2000b; Williams et al. 2000; 
Williams 2001]. This positive pressure comes from the pressure to “conduct well” in front of 
your partner, to not let him down. People even admit to work more concentrated and harder 
for the special task. They let fewer elements around to disturb them so the actual time 
working is done with a much higher quality and more distinct. They treat their time as more 
valuable because they are two. 

According to Williams people also follow a companies prescribed software development 
process and the preset standards when they pair, which otherwise can be a constant costly 
struggle from management aspects. This is because of our human nature to put pressure on 
each other to follow the prescribed standards the company have set up. Thus here we can 
gain synergy effects from PP, too, but these are hard to measure both in decreased 
management time and actual money saved. 

 

Pair satisfaction 
It mostly seems like those who have tried Pair Programming really enjoy it. The C3 project 
first tried it out and then accepted it as their standard [Beck 1999b].  

Many of the experiments and studies mentioned above have made, almost, all the 
participants to enjoy the collaborative approach. In Nosek’s study of professionals the 
collaborating people enjoyed their task more than the singles [Nosek 1998]. 

In the six weeks student experiment at Utah the students were asked at six different 
occasions and still more than 90% consistently stated that they liked collaborative 
development compared to working with tasks as singles, 95% were also more confident in 
their final solution after they created it with a colleague. The pairs were also given two tasks 
to complete for each program cycle, when the singles produced one, after several cycles one 
pair complains about that the arrangement was unfair. They felt they had to work harder than 
the single, but when the instructor suggested them to split into two singles they rejected the 
proposal immediately [Cockburn and Williams 2000]. 

In the XP experiment conducted by Müller and Tichy, 87% of the persons stated that they 
enjoyed working in pairs after the course was done. Yet they did not feel the same efficiency 
within their experiment as has been recorded from other experiments. This was not measured 
and compared to other data since they all paired, though. 

In Rumpe and Schröder’s XP survey were people from 45 projects responded, people 
mention they had developers who refused to program in pairs but in the same time were PP 
also one of the three most important success factors. Unfortunately, a quantitative survey 
does not have the ability to adjust for such an interesting reflection. Maybe they initially 
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refused but later tried it out and thus made it into one of the three most important success 
factors. It has been said before that people initially do not like it but after a test period they 
usually have changed their mind. In these cases we will not know if this is the truth. 
Enjoyment of their work was also high but since PP was only one factor among several we 
cannot draw any conclusion from that either. 

According to a net survey about Pair Programming conducted by Baldassarre, Succi, and 
Williams made on experienced Pair Programmers, 94% stated that they enjoyed their job 
better than programming alone [Baldassarre et al; Williams and Kessler 2000a]. In the 
survey 96% also concludes that they are more confident in their solutions if they paired than 
working as singles. Williams also states that there is a natural correlation between these two 
measurements of satisfaction. People enjoy their work more because they are more confident 
in their work [Williams et al. 2000]. 

Most recently there has been an analysis worldwide on job satisfaction between Pair 
Programmers and non-pairing people [Succi et al. 2002]. The questionnaire has had a quasi-
experimental approach with two different questionnaires, with 21 questions each, separated 
into non Pair Programmers and those who paired before. The respondents were 54 in each 
group and they tested whether the Pair Programmers experienced higher satisfaction than 
those working individually (see Figure 7).  

Other tests were also performed since they wanted to find out if it was PP that caused their 
satisfaction or if it was other aspects, i.e. means of communication like meetings etc. and 
environmental variables like noise etc. 

Job satisfaction

0% 5% 10% 15% 20% 25% 30% 35% 40%

Very unsatisf ied

Unsatisf ied

Satisf ied

Very satisf ied

PP

Non PP

 
Figure 7. Distribution of job satisfaction19. 
 

Significant better result was found in the PP group in three categories: the communication 
between developers, speed of communication in design changes, and organization of 
meetings. But no difference was found in communication between departments and 
environmental aspects like office layout, lightning and noise etc. Pair Programming seems to 
influence the ways people are organizing themselves and communicate internally. 

Since the questionnaire was made as two different ones and people in each group in majority 
was satisfied with their job these figures represents well that people usually are satisfied with 
their job in the software business. But in the same time there are fewer programmers 
unsatisfied working as pairs and they are generally more satisfied than the singles. The study 
also says that it appears that pairing people has an influence of satisfaction from the pairing. 
We think that people satisfied with what they are doing also perform better than they else 
would do. 

 

                                                 
19 Values visual recreated from figure 2 [Succi et al. 2002]. 
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Pair jellying 
Since we have been taught to work alone for so long we today many times find it awkward 
to change and do programming tasks as pairs. A lot of people are sceptical to Pair 
Programming, but most of those who tried it have changed their mind after using it. In the 
previous subsection we saw high figures in satisfaction from those who have tried it out. Yet 
there are people who have tried it but not satisfied. Maybe they are from the group of people 
who cannot collaborate with others or not want to do it.  

People are different and have different habits, strong egos etc. and issues on “how tasks 
should be done”. This makes it impossible to make XP and PP work for everyone. But 
maybe some of them did not just try it out under the right conditions or not long enough. 
There is apparently an adjustment time before people both feel comfortable with PP and the 
true effects from it also show up. As seen in the Utah experiment the reduction of time was 
significant between the first assignments and the rest of them. As usual unfortunately 
experiments are only conducted once without any time for adjustment for the pairs, maybe 
this is related to the different efficient figures shown from short time experiments and to 
those anecdotal experiences pair programmers claim that they really have.  

To become an effective collaborating team the two persons have to become jelled, become a 
single unit. It probably takes a great effort to change for people to become a successful PP 
team. They must have backup from the management otherwise they cannot succeed and 
people always must change to be able to make any improvements. “Change is essential to all 
success in project work” [DeMarco 1997, p. 35], change is the key to something new and 
maybe little unsafe for a while. “People cannot embrace change unless they feel safe” 
[DeMarco 1997, loc. cit.] and they must also believe in it or given enough time to find out if 
it works. 

In Cockburn and Williams’ article they have an experienced programmer describing a PP 
experience and how it took four months before people started to really work as a pair and not 
as two singles beside each other [Cockburn and Williams 2000]. They started to switch 
opinion when they discovered that in their first checkpoint “everyone, . . . was amazed that it 
did not take weeks to debug” and they realized that PP had dramatically decreased the defect 
rate. A person also said that after he and his partner had “synchronized” their brains and that 
they had a great experience from it. 

Thus we might say it can take up to six months before people become real Pair 
Programmers, but the main reason for it taking such a time is that people really do not 
believe in it. But if they are given enough time they will probably find out its efficiency and 
become Pair Programmers or at least be able to do a real judgement and choose not to. Once 
they have really found how to pair, how to work close beside a colleague, then the jellying 
part would also be finished. If they do it with open minds it would not take more than one to 
two weeks at most, probably a couple of days will do. Those persons that become jelled into 
a single unit usually have a strong experience from it and will probably be addicted for life. 

The experiments conducted and described above also show that people paired for a while 
like it and do not what to switch back to singles again. Some people feel like they only have 
half their brain left when separating from each other [Cockburn and Williams 2000]. The 
difference in efficiency might be from how much they have jelled or not. Since most 
experiments are a one timer the real efficiency from PP might be as in Laurie Williams’ six 
week experiments at Utah where they had a first task for “the adjustment”, a jellying one. In 
one of her articles she describes more what it needs to become a jelled pair [Williams and 
Kessler 2000a]. DeMarco has constantly argued for the importance of team jellying during 
25 years [DeMarco and Lister 1987; DeMarco 1997; DeMarco 2001]. 
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Exhausting 
Pair Programming can be very exhausting, with a high continuous focus and intense on the 
ongoing problem [Williams and Kessler 2000a]. But while it is exhausting it is also then 
very efficient and productive [Wake 2001, p. 66]. A lot of those complaining that PP is not 
working, never seems to mention something about the exhaustiveness experienced pair 
programmers talk about [Yahoo Groups XP 2000]. 

Those who have found PP effective and become jelled also conclude that it is an enjoyable 
but exhausting experience, some feel that a half-day can feel like a whole day when pairing 
together [Wake 2001, p. 74; Williams and Kessler 2000a]. 

 

Pair problems 
Not all people are suited to do PP, there are those with too much ego – we can do it any way 
as long we are doing it my way attitude. Or people on the contrary with too little ego i.e., a 
partner with none or little contribution to the task they tries to solve [Williams and Kessler 
2000a]. This has nothing to do with people, whom are more or less reserved and not keen to 
communicate with others, some of them can practice and become good Pair Programmers. 
Instead it has to do with your ability to come up with ideas and solutions and not being afraid 
to reveal ones thoughts [Williams et al. 2000]. Or as Kent Beck put it “What if someone just 
refuses to pair? They can choose to learn to work like the rest of the team, or they can choose 
to look for work outside of the team” [Beck 1999a]. XP and PP are not for everyone, that is 
no more fuss than that. It is also cause that one must abandon the old habits and change into 
new ones, this is not always easy done by the high status programmers. 

 

Adaptive 
Pair Programming is a part of XP but does not have to be done only under that development 
process. Any process should be able to add PP, both agile and older more heavy processes. 
In one of Laurie Williams’ recent articles she describes how it easily can be added into every 
process today [Williams 2001]. This can be done both at school as well as in the industry. In 
the article she also describes how she made an extension of Watts Humphrey’s PSP, 
mentioned earlier in this chapter called CSP (Collaborative Software Process). The CSP 
process is fully and throughout described in her dissertation [Williams 2000].  

 

3.4 Final words 
Pair Programming has been shown not to be just pure redundancy, being two persons. 
Redundancy here is about the time used. Further on in chapter 5 we should talk about the 
encouragement of just redundancy added from the usage of PP. But then we discuss the 
benefit of redundancy from a knowledge-spreading point of view. 

The effectiveness of Pair Programming can probably only be concluded through real projects 
or larger and longer lasting experiments, it seems like people really need time to get into it 
and become productive, a jellying time. Thus there is a need to conduct some larger 
experiments to be able to show the real benefits from PP. Even researchers that have already 
made experiments agree on this [Nawrocki and Wojciechowski 2001; Williams et al. 2000]. 

But experiments probably cannot show all the extra benefits we might gain from using PP 
anyway. It can probably only show the difference in effectiveness in the actual spot where it 
is used for the moment, like in a design or coding part etc. It cannot show figures from all the 
synergy effects and benefits that might come from it later on. 
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If people not like PP or do not believe in it then it will be harder to use. But it seems like 
those whom have been sceptic from the beginning, once they tried it out then they really start 
to enjoy it. If people not like it, then people’s opinion and force to control different tasks 
should not be underestimated. What people not like, they usually do not do, or do well. Thus 
our survey focus on what development people believe and what they think about PP. 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part two contains of four chapters, which is built 
upon discussions were we can related to other topics 
with Pair programming. Since research about Pair 
Programming is only a few years old and it has mainly 
focused on figures of productivity we go trough issues 
here, which we feel can be of interest in finding ways of 
using Pair Programming. The reader should note that 
this part is more from a view out of discussion, related 
into new topics. These topics need to be more examined 
and evaluated more before we can draw real 
conclusions from them.  

Chapter 4 address communicational issues. In 5 
management of knowledge using Pair Programming. In 
chapter 6 Pair Programming is compared with 
inspections, PSP and Cleanroom. Chapter 7 end this 
part with a market perspective. 
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Chapter 4 
 

“Pair programming, and other kinds of cooperative work, have an unavoidable cost: talking” 

Lorenzo Gatti 20. 

 

 

 

 

 

 

 

 

 

4 Communicational issues 
 

In this chapter and the following ones we address some issues that we can relate to increase 
quality by using Pair Programming. The issues we intend to talk about are communication, 
knowledge transfer, quality issues, inspections, and time-to-market issues. In this chapter we 
address the communication issues. 

 

4.1 Communication, collaboration & teamwork 
To add a single line in code is quite easy and done without much of a thought. But if we 
consider how long a program can be in function and be used this single row can remain for 
decades then we should give it a second thought and consider how it should be added. As 
when people in the 60s and 70s created programs they usually knew what they were doing 
by letting the year in the date field just have a range between 0-99, but they could not believe 
back then that the program and its lines of code should remain into the next century. Doing 
software was difficult in the 60s and it is still difficult today [Shapiro 1997]. The problems 
today still look much the same as those in the 60s. Large software projects are late, over 
budget and full of defects. After decades of software creation and methods to handle them 
the problems with software quality still remain. The cost of hardware has constantly declined 
but software mostly taken the other direction. It seems whatever we do the problem will 
remain. Why is it so? It is probably because of the complexity in software and the ease to 
make a human error. 

                                                 
20 <http://c2.com/cgi/wiki?PairProgramming> (2002-09-05) 
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Some of these errors will be made through lack of communication or because 
misinterpretations. A developer does a critical change in design or an interface and does not 
tell the others. Also important information can be ignored from customer or between 
developers. Assumptions are made instead of checking the source information etc. Therefore 
is communication many times one of the most important issues in software development, the 
main key to increase quality in software. Pair Programming is one way to create close 
communication and collaboration in development, discussions to make better decision and 
hopefully increasing the quality of the software. 

 

4.2 The most important factor 
Today information is one of the most important factors. Companies must face the new rules 
that come with new technology or some of them will be gone in a near future. With the IT 
society we are talking about a new economy but there are those who wants to go a step 
further.  

 

Communication become more and more important 
“In the knowledge economy, the most important work is conversation – and creating trust is 
the manager’s most important job”, these words opens Alan Webbers article “What’s so 
New About the New Economy” [1993]. In this article he quotes and accounts Peter Drucker, 
whom made the first study of theory and practice of management. Drucker is still today in 
the frontline and one of the main characters for the modern management [Schwartz 1993].  

Today people more and more on different levels have higher education and perform as 
skilled knowledge workers. In software development all of the developers must be able to 
create the software. In the article above Drucker is quoted to argue that; people as knowledge 
resources are the only meaningful resource today, knowledge workers own the production 
not the organization, their decisions directly affect the company’s performance and when 
knowledge workers are allowed to do what they are trained to do – instead of paperwork etc. 
– then the production will excel. Elements not really necessary to the workers main task 
should either be dropped or engineered by someone else own according to Drucker. But he 
also says that they have a responsibility to communicate the main important issues in all 
directions. In other words, conversation will be [or already is] the most important part in the 
companies of the future. 

 

Trust and creativity 
Also Kent Beck writes that communication is important. He says that in XP communication 
is their main value, just because so many problems are directly related to communication 
[1999a]. Many circumstances can lead to a breakdown in communications and bad 
communication does not happen by chance. Lack of communication sometimes causes that 
wrong decisions are taken. But there are also many factors that can suppress further 
communication, like: A manager receiving bad news from a developer and punishes him 
because the news was bad. Or a customer tells the programmer something important and the 
programmer ignores the information.  

Such acting by a manager may not only suppress the communication it will also affect the 
trust among people and kill creativity. According to Drucker, in Webbers article, people 
need to be trusted and a manager’s work today should instead be to change the surrounding 
environment to fit the worker, not the other way around. According to Beck and Fowler fear 
is the source of all project failure [2001, pp. 7-10]. Instead they want to set up “Bill of 
Rights” to create trust among people both for developers and customers. If management 
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greet innovations and creativity with scepticism they kills creativity and peoples motivation 
[Amabile 1998]. Managers do not generally have anything against creativity but it will get 
undermined because of productivity, too much control and coordination. A solution to 
manage this problem is to establish other communication channels than direct talk, 
preferably anonymous [DeMarco 1997, p 65; Nicholas 2001, p324]. 

 

Better decisions 
Many of us in Sweden have grown up with teamwork and collaboration since school. 
Experiments about teamwork and collaboration have shown that people do better decisions 
in groups than as singles [Blinder and Morgan 2000]. But it is not necessary to have whole 
teams working together. Smoothly functioning groups is working just as well, where 
individuals are able to work independently and with confidence. Too much team-meetings 
divert attention from their real task too much [McGrath & MacMillan 2000, pp.278-281]. 
One of the biggest benefits from Pair Programming is that decisions are made in small units 
but from at least two persons. Hopefully will the other colleague see the problem and 
redirect you if you make a bad decision. 

 

Best tools in the toolbox 
Having a conversation between people is something quite natural, we hardly think about it 
until it starts to be a problem. Today we have cell-phones and a large number of 
communication tools and thus we can reach a great number of people at almost any time. But 
still face-to-face communication is the most important if not crucial [Johansson 2000, pp 83-
89]. To rely on communication through databases implies that everyone knows the structure 
fully and that people can easily see important changes made or be notified about them. This 
is even more important when the co-operation parties do not meet on a daily and weekly 
basis.  

In a survey about coordination in software development “discussions with peers” had the 
highest value, better than project documents, schedules, group meetings, all reviews etc. 
[Kraut & Streeter 1995]. In the same survey “other project members” was much better than 
other possible source for help. Their data strongly suggest that personal communication is 
important but it could be either too local or too expensive to use without technological help. 
But they also imply that we should not try to minimize communication in favour for formal 
specification languages as we intend to do, according to the authors. Instead they suggest we 
should try to do “interpersonal communication” more efficient. 

Other agile development methods than XP also heavily rely on communication just because 
of its efficiency. Jeff Sutherland writes that when they first changed into using Scrum and 
having everyday meetings, then member started to know what the others were doing. Soon 
they also started to interchange solutions between them and it altogether had a dramatic 
effect in development progress [Sutherland 2001]. 

 

4.3 Implication 
The efficiency in a conversation lies in its simplicity and in its ease of use, no pen and paper 
or additional gear is needed. It seems, as a conversation is one of the simplest, quickest and 
most efficient tools to use. To talk to each other have another benefit, its direct response. 
Thus a conversation should be as efficient in a telephone as in face-to-face communication, 
but it is not. The answer is that in face-to-face conversation we add the means of 
gesticulation and face expressions. 
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To communicate is not only to talk to each other it is also to understand. The more you 
communicate, the clearer you will see exactly what needs to be done and what really does 
not [Beck 1999a]. Pair Programming works for XP just because it encourages 
communication and communication is the core value in XP. 

Problems in projects can invariably be traced to lack of communication according to Kent 
Beck. Therefore can good and fearless communication be the differences between a success 
and a failure for a projects outcome. This is about better coordination both from management 
side as to increased coordination between developers and openness between them. 
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Chapter 5 
 

“It doesn’t make sense to hire smart people and then tell them what to do; we hired smart 
people so they could tell us what to do” 

Steve Jobs, Apple Computer 21. 

 

 

 

 

 

 

 

 

5 Knowledge management 
 

Here we continue with knowledge and knowledge management issues. We look at how Pair 
Programming might be a helping factor in the emerging area of knowledge management. We 
also address issues of how to manage and create knowledge with the usage of Pair 
Programming as a knowledge enabler, a creator and a way for sharing knowledge, both new 
and old. 

 

5.1 Knowledge contribution and learning 
During the last decade there has been a rapidly growing interest in knowledge, the 
intellectual capital and how to management it [Davenport and Prusak 1998, p. xviii; Krogh et 
al. 1998, p. 7]. Lately, numerous of books, articles and conferences etc. have been created in 
a short time about knowledge management. There are even software programs to manage 
knowledge on the market today. The management of knowledge is on the other hand not 
new, for thousand of years knowledge has always been transferred, e.g. from parents to 
children or working skills to apprentices. We are leaving the traditional industrial world 
since more than 2/3 of GNP22 and employment is handled by different service-branches 
today [Sveiby 1999]. If knowledge has been just a tool among others then it will become the 
focus for companies’ in the near future according to Sveiby. We are entering a new era, 
which some relate to as a knowledge economy. Whatever we call it we are living in a global 
economy today and in the future those who can take advantage of the information and their 
knowledge will be the winners [Davenport and Prusak 1998; Shapiro and Varian 1999]. 

                                                 
21 Working Knowledge, [Davenport and Prusak 1998, p. 50]. 
22 Gross National Product. 
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Knowledge definition 
If we shortly use Davenport and Prusak’s definition of knowledge then “data” is just any raw 
numbers or text. “Information” is the data structured with added meaning making it usable, 
i.e., it is understandable in its present form. But “knowledge” is broader and deeper than 
information and it is much closer related to action and experience. It is more like the next 
level, when the information is used [1998, chap. 1]. 

For example: A person gets new information, with that and what he already knew he could 
through physical action get new experiences and gain new knowledge. But if he then tells 
another person or he writes it down some of this knowledge will not be transferred. The 
knowledge is somewhat like a skill a person has received doing it and some of it is tacit, i.e. 
it resides only in our body and is hard to explain in words. 

Another example: You read or see a film how to ride a bike, i.e. get the information how to 
ride a bike. But without actually trying it yourself you have not got the actual 
knowledge/skill how to do it. 

 

Knowledge storage 
Companies trying to capture knowledge have usually tried to codify it and store the 
information as text in databases etc. and when someone has reused the information they have 
gained benefits from this information source. But in the same time others have seen it as near 
impossible to store enough needed knowledge both because it is usually too complex and too 
hard to put on paper. And if it is never used then the knowledge/information stored has only 
been a cost. 

Consulting firms like Andersen Consulting and Ernst & Young have invested a lot in 
codification and the storage of information, in contrast to Bain, McKinsey etc. who have 
focused on the dialogue between people and invested in building networks of people instead 
[Hansen et al. 1999].  

According to most of the written reports and literature [if not all] about knowledge 
management, companies today are focusing more and more to have the information 
embodied instead of captured into databases. But the choices rely heavily on the company’s 
strategies. The difference in approaches is if you offer standardized or customized products, 
as the consulting firms above differs in how to perform their work. Those who were the most 
efficient ones were those who only focused on one of the strategies, not trying to use them 
both at an equal level. According to Hansen et al. an 80-20% split might be appropriate but 
then just to support the chosen one.  

Electronic knowledge markets on Internet and intranet discussions groups have all the same 
benefits and drawbacks as electronic shopping on Internet. The pros are that they are 
convenient to use and a variety of material to choose from but the cons are the highly 
variable quality, which reduce trust and thus treated with suspicion, people do “look” more 
than they “buy” and there is also a lack of personal contact [Davenport and Prusak 1998, p. 
47]. The most valuable knowledge is stored in the individuals from true experience [Hansen 
et al. 1999 Johansson 2000, p. 104-106]. The time to store and the time to reinterpret the 
knowledge, if possibly storable, will in most cases not pay off. It is even hard enough to 
transfer tacit knowledge orally and sometimes even impossible without experience from real 
action. 

Since software development products normally have very high complexity and the software 
solutions are always different we argue that it is a highly customized product and thus the 
personalized approach should most often be the best approach in software development.  
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5.2 Knowledge management 
Companies today become more and more aware of the knowledge that resides within them 
and now they want to know how “how to manage” it. But how to handle and manage it in the 
best way is out of the scope here since it is an area of its own. 

To manage knowledge within companies is not new, the main difference lies in that we are 
leaving the traditional industrial world and enters something new. What it will be is not 
known but we must shift our perspective. Some see it as a new era, some call it the 
knowledge economy others just see it as a new discipline [Sveiby 1999]. This might also be 
the answer to this sudden interest in knowledge or it might just be a natural follower after the 
information technology that has swept over the world in the last decade. But Information 
Technology (IT) itself cannot give us knowledge or manage knowledge since we just cannot 
“cut and paste” best practice and that knowledge is a human act of thinking which IT cannot 
provide [McDermott 1999]. The complexity in most areas has increased immensely in just a 
few years and the insecurity has increased enormously. 

Knowledge management relies heavily on spreading the knowledge and not to create 
knowledge monopoly [Davenport and Prusak 1998, p. 43]. Instead of having specialists that 
know a lot about a small specific area we are more and more focusing on spreading the 
knowledge among the employees. Nonaka and Takeuchi refer to this as redundancy or 
redundancy of information and knowledge [1995, p. 80]. They argue that the knowledge 
should be spread within the organization both horizontally and vertically, even to those who 
do not need the knowledge today. Thus they will also spread some tacit knowledge when 
people can get additional information from articulation etc. Another way to spread 
knowledge within an organisation according to Nonaka and Takeuchi is to have “strategic 
rotation” of personnel. They also feel that people should rotate between totally different 
areas such as R&D and marketing just to make the knowledge redundancy as efficient as 
possible. This cross spread of knowledge is one of the key factors for the leading Japanese 
firms and one of the differences between them and Western industrial thinking in the 
creation of new products. Or as Lew Platt, CEO at HP, has said, “I wish we knew what we 
know at HP” [Pfeffer and Sutton 1999]. 

Redundancy on its own is not enough as an enabling factor for new knowledge and products, 
the other four factors [out of five] are “Intention” (should be one of the company’s goal to 
create new knowledge and products), “Autonomy” (the staff should be able to act as they 
want themselves within certain boundaries), “Fluctuation and Creative Chaos” (boundaries 
and rules should not be too strict, bureaucracy minimal) and “Requisite Variety” (it is only 
constantly changes that can create something new, the more it fluctuate the better) [Nonaka 
and Takeuchi 1995, pp. 73-83]. Another advantage in knowledge spreading is that it affects 
us lesser in a downsizing period since knowledge usually walks out the door [Davenport and 
Prusak 1988, p. 44]. 

 

The knowledge and Pair Programming 
If we divide knowledge in two parts, the knowledge creation, where we create new 
knowledge and into the knowledge spreading where the already known knowledge is simply 
spread among co-workers and organizations etc. Then we soon see that PP handles them 
both. The creation takes part through discussions and the spreading when the driver 
implements something that the observer did not know. Together they also backup each other 
to maintain knowledge. The switch between pair programmers also enables the knowledge to 
be more spread. To spread it further in the organization is on another organizational and 
management level and thus not considered here, even though it is an important issue and in 
favour of PP. 
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Any of the knowledge management approaches as an organization choose to use, PP should 
work with them all. If they choose to personalize it then PP is one good start to spread the 
knowledge as discussed above. If they choose to store the knowledge in databases and to 
store it explicitly then PP is more direct beneficial since when people perform PP then they 
are forced to make the tasks more explicit shown just because they need to have their pairing 
colleague on the same track. With PP we are forced to visualize thoughts and knowledge 
more than if we do it alone. The issues we are forced to visualize are just those that are 
normally hard to explain, the tacit ones. Trough this common knowledge transferring of tacit 
skills makes them more understandable and explicit, which then become easier to codify into 
databases and later to understand for others. 

 

Transfer tacit knowledge 
Senior people usually come to crossroads where they or the organization wants them to hand 
over their knowledge to younger generations [Davenport and Prusak 1998, p. 34]. Tacit 
knowledge and experience is the most valuable ones but also the hardest ones to hand over 
[Johansson 2000, p. 104-110; Nonaka and Takeuchi 1995, chap. 3]. Face-to-face meetings 
are the most efficient way of transferring information because of its ability to immediate 
response. Personal transferring is almost the only possible solution to hand over real valuable 
experience and knowledge. The best time to transfer knowledge is when the receiver needs it 
because he learns while experience by the action of doing it. Mentoring systems or 
apprenticeships are methods that have been used for generations to transfer tacit knowledge. 
In many trades this has been the best and sometimes the only way of learning the trade [Lave 
and Wenger 1991].  

Many organizations rely and even expect people to work in older-younger constellations just 
to be able to pass along the senior skills [Davenport and Prusak 1998, pp. 95-96]. Pair 
Programming is a good way to transfer tacit skills, but still PP is about working together and 
not about one person showing another how something should be done. People can work 
together as pairs even if we add an educational factor. Instead of create it as a teacher-
teaches-the-student situation; senior people instead might get a new enthusiasm being paired 
with a younger colleague having new ideas to contribute with [Wiki 
PairProgrammingMisconceptions].  

Working side by side reviewing different parts collaboratively also has a unique educational 
capability for both parts [Cockburn and Williams 2000; Johnson 1998]. Even people high 
above average skill have benefits from having their work reviewed by others [Williams and 
Kessler 2000a]. According to Cockburn and Williams pairs also usually find that by using 
their joint knowledge together they also can handle almost any difficult problem 
immediately without additional and external help. Another issue that is unproductive is that 
engineers can spend weeks or months solving a difficult problem alone just because they do 
not have the knowledge or the tools to find out were and if anyone within the company have 
dealt with the same problem before and have a possible solution to it [Davenport and Prusak 
1998, p 47]. With programmers constantly switching pairing partners we do not only have a 
transfer of knowledge we also create an understanding of “who knows what” better. 

 

5.3 Final reflections 
If we explicitly are trying to transfer knowledge within an organization people should be 
more aware of how the organization works and be more committed to do a good work 
justifying the company’s as well as their own well being. When people see results from their 
action they should become more committed than in other situations, this underlies the 
curiosity in our human nature and our search for new answers and self-fulfilments. An 
innovative company is one that not suppresses the human’s curiosity but instead create 
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enabling factors for them to succeed with new innovative ideas [Nonaka and Takeuchi 1995; 
McGrath & MacMillan 2000]. Having numerous of bureaucratic rules and relying on heavy 
structures usually kills motivation within an organization as studies have shown [Jacobsen & 
Thorsvik 1998, p. 243]. If we instead set up reachable goals as in McGrath & MacMillan or 
uses metaphors as in Nonaka and Takeuchi then the company will probably excel and 
outperform others in innovative products and solutions. 

The management of the knowledge and the human capital within an organization will 
probably grow during this decade. Today the companies’ market value is more and more 
based on their intangible assets and the intellectual capital they have instead of as before 
physical assets [Burns 2001, p. 22; Sveiby 1998]. The real physical assets can be as low as 
5% of the market value and the intangible etc. stands for the rest [Sveiby 1997]. The 
management of knowledge, the human capital etc. will be more and more important issues to 
handle within an organization. With respect to this issue PP will be a connector between 
transferring and keeping knowledge within the organization and the enjoyment PP have 
shown to add to people having used it, as we have seen before in this thesis, e.g. sections 3.1 
and 3.3. 
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Chapter 6 
 

“Everyone knows Pair Programming doesn't work, right, except people who've tried it” 23 

 

 

 

 

 

 

 

 

 

 

6 Inspections and other quality approaches 
 

In this chapter we go through some issues where Pair Programming might be equal to or a 
better tool to handle the quality in software. The objective is to discuss if Pair Programming 
can be a way of improving quality instead of using known methods as Formal Inspections or 
processes like Cleanroom and PSP. 

 

6.1 Increasing quality 
The software industry usually agrees upon that we have to raise the quality in the software. 
This is a major issue in software development since defective software is an increasing 
problem [Humphrey 2000, p. 23]. The quality of large programs depends on the quality of all 
the smaller parts that make up the software and any defect can cause severe problems. As 
systems become more complex, take over more control functions and since we rely more and 
more on them; then the greater is the likelihood for catastrophic failures and damages. Defect 
removal metrics shows that software engineers in average can insert a defect for every tenth 
to twentieth line of code produced [Hayes and Over 1997, pp. 33-36]. 

Many of the methods and development processes in software engineering are merely focused 
on one single issue: to raise the quality. If they are not focused on quality then they are 
focused on delivery precision and cost. The quality, time and cost have always been 
problems with software, but we believe that the latter two is more of a scheduling and 
prediction problem. But quality is more related to the human everyday action, it is not a 
guess instead it is related to how our body actually are functioning right now, the present. In 
                                                 
23  Unknown at: <http://c2.com/cgi/wiki?PairProgrammingDoubts> (2002-09-05) 
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this chapter we are going to look at some quality issues with pair programming and in the 
next chapter we look more at the time and cost factors, but from a slightly different 
perspective. 

 

Numerous of methods 

During decades numerous of new development processes and methods have been developed 
and claimed that they are good or the best way to raise the quality in software. Sometimes 
one might feel that we have enough methods but there are constantly coming new methods. 
Mainly because no method is superior and can handle the problem fully by itself. Still we 
have quality problems in code and not a single method will probably be able to handle it. 

Here we are mainly focusing on three well-known methods to increase quality and compare 
them with the use of Pair Programming instead. The three are: Watt Humphrey’s Personal 
Software Process24 (PSP), Formal Inspection25 and the Cleanroom development process26. 

 

Manage quality 

Software Quality Assurance (SQA) and Total Quality Management (TQM) become more 
and more important. The organizations that are focusing more and more on quality assurance 
will probably be the winners in the long run. A difference between hardware and software is 
that hardware usually warns before failure which software does not. Therefore SQA relies on 
defect detection and removal techniques to assure quality [Marciniak 1994, p. 946]. There 
are different approaches for SQA, but the two main approaches are either to prevent defects 
being introduced into the system or to detect and find the defects after they are inserted. The 
most common approach is to find and detect defects with different tests after the code is 
created. But when we are talking about quality assurance this is not enough we must also 
prevent them, since it is more efficient to prevent than to find an fix them later [Humphrey 
2000. p. 5]. The most efficient way is with processes focused on removing defects early, 
before they are inserted, directly at the source [Hayes and Over 1997, p. 3]. 

To secure quality there must be a total process, which goes through the whole development 
process from the first stages to the last one, even after delivery. There must be a whole line 
of quality thinking like Total Quality Management and it must be built from the top of an 
organization and then float down through the rest of the company to succeed [Marciniak 
1994, p. 1361]. According to CMM (Capability Maturity Model) the purpose of SQA is to 
give the management visible facts from the process being used [Paulk et al. 1993, p. L2-63]. 
A software quality assurance group should help the project during the early stages to 
establish plans, standards and procedures that should help the project and satisfy different 
constraints during the life cycle of a project [Paulk et al. 1993, p. A-38]. The outermost goal 
with TQM is to involve all in the organization to increase the quality from the customer 
perspective [Ljung et al. 1998, pp. 407-408].  

 

6.2 PSP 
It is more efficient and cheaper to work with defect prevention, i.e. to be proactive, prevent 
their initial introduction and never insert them [Humphrey 2000, p. 24]. But, when defects 
are inserted it costs less to find and fix them early in the process than later [Humphrey 2000, 

                                                 
24 [Humphrey 1995; Humphrey 2000]. 
25 [Aurum et al. 2001; Gilb and Graham 1993; Jones 1997; Lee 1997].]. 
26 [Cleanroom Tutorial; Linger 1994].. 
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p. 24; Marciniak 1994, p. 947]. These are some of the quality principles that the PSP is based 
upon. 

Another principle that PSP relies on is that “the right way” is the fastest and the cheapest 
way to do tasks [Humphrey 2000, p. 5]. 

 

Doing right in the first place 

But what is the right way then? According to Humphrey the right way is to plan every step 
and that everyone know their own personal performance. If you use PSP you should gather 
and analyse your own data, it is a personal improvement process. To log every defect, from 
requirement down to the final tests, etc. Then you should react on the fact and act to decrease 
defects and then to increase speed [2000, p. 5]. Here only the main principle behind the PSP 
is presented. PSP is originally based on the CMM and its industrial practices, but is scaled-
down to an individual level.  

But even with good methods to avoid defects we cannot assure that a defect is not inserted. 
That is why PSP contain methods to not do the same error again. How can a person assure 
that he does not insert any by just using PSP? Studies also show that there are quality 
problems even with PSP [Disney and Johnson 1998]. Another drawback with PSP is that 
people arguing that 15 days spread on 15 weeks are way too long to learn and it is too 
expensive to train every developer too, even a lightweight version of PSP has the same 
problem [Prechelt 2001]. The literature needed for PSP is also a heavy cost. 

PSP is to gain knowledge about what you are doing bad or wrong. That is how Humphrey 
inserts quality into a project. This is quite ok but differs to the pairing process where you do 
not log your own mistakes. Instead you have a colleague sitting beside you and add up with 
you, react and correct the work you are about to do wrong. This is how Pair Programmers 
insert quality into a project. They constantly look for defects and thus really prevent them 
from occurring, thus most of them is not even inserted. Which happens to be the fastest and 
the cheapest way according to Humphrey and many others. 

 

6.3 Software inspections 
Software reviews and especially formal software inspections are the most efficient and 
effective techniques we still have to remove defects in software [Jones 1997, p. 158; Lee 
1997]. Formal design inspections and formal code inspections can be up to twice as efficient 
in average than other reviewing techniques [Jones 1997, p. 167]. A benefit with software 
inspection is that it can be applied during several of the development cycles such as: 
requirements, design and code [Aurum et al. 2001]. The software inspection technique had 
its birth at IBM and was invented and formalised by Michael Fagan in 1976, today twenty-
five years after its birth there have been several improvements during its lifetime. But even 
though people agree on its efficiency it is not always used in the software industry. 

In PSP reviews are used since they are very cost-efficient and should be used frequently and 
mostly early in the process [Humphrey 1995, p 235]. Humphrey thinks that inspections are 
related to reviews with the main difference that it is made by a dedicated team and not on 
your own [1995, p 267]. But inspections do have a very formal structure and each person 
that is participating has a predefined role. A typical inspection process has three phases 
conducted in six major steps. Planning, overview and a preparation where people go through 
what the inspection should contain. The actual inspection meeting called examination and 
then finally the repair and report phase where rework and follow up is conducted [Aurum et 
al. 2001]. 
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Why is it not used? 

Even if there have been a stream of positive figures in favour of inspections still the adoption 
in the software industry is low [Johnson 1998]. So why is it not used? In a pre-study paper 
for a conference paper by Bill Brykczynski a survey pointed out that they do not know how 
to actually perform an inspection, they lack the knowledge and needed training and 
education. One person respond in the paper that it was too much work, once inspected and 
corrected the product will have changed and need to be inspected again. That you already 
inspected it once does not reduce the cost of re-inspection much. After a change in a unit and 
in test accordingly, retesting is simple to rerun the test suite, which is non-labour intensive. 
The cost of the new test change is proportional to the size of the change, but inspections are 
labour intensive and not proportional. So testing can be seen as more expensive first place, 
but will win in the long run [Brykczynski 1994]. But 57% considered their use of inspections 
as a success. Inspections, though, are considered cost efficient even if they are time 
consuming and take a lot of effort. 

Also Earl Lee points out the lack of education and training using inspection, thus, many 
times it only results in a “phantom process” i.e. it only exists on paper or in minds, but is 
rarely used in real operation [1997]. This may seem odd since IEEE explicitly says that a 
facilitator trained in inspection techniques should lead inspections [IEEE Std. 1998, p. 14]. 
Another aspect is that we face resistance changing our way of working, especially when 
changes increase the formalisation in our way of working. Additional problems to education 
and training are that inspections usually lose their focus when conducted and more become 
consulting aid in solving implementation issues rather than detecting defects. Inspectors also 
usually have an overloaded checklist and many times people spend too much time and effort 
on trivial issues as words used, spelling and grammar in inspections [Lee 1997]. 

Another problem with inspections is if people only focus on having good metrics and high 
defect removal rates, then inspections might be conducted only on documents predicted to 
have a high number of defects [Johnson 1998]. Instead he points out that if quality 
improvements of developers are in first order then they can learn as much from reviews of 
high-quality documents as well as reviewing only bad ones. Thus he states that future formal 
review methods should focus as well on the quality of the products produced as well as on 
the person producing it. 

 

Pair Programming instead of Formal Reviews and Inspections 

Some problems with formal reviews are that people do not like doing them. They are not 
only time consuming and take a lot effort to be conducted, they are also rather dull to 
actually do. Since there are a lot of people involved there can be several elements disturbing 
it and make people frustrated like: perform the inspection in a bad choice of time, in a 
predicted development phase, which progress have not reached yet [since software usually 
delayed], create a schedule where all people actually can be present, unprepared moderator 
and inspectors, people acting as gurus or rivalry and antagonism etc. [Iisakka and Tervonen 
2001]. 

In XP there is no formal review or inspection instead XP-people rely on its different 
practices [Müller and Tichy 2001]. According to Cockburn and Williams Pair Programming 
with “continual review” both outperforms the defect removal speed in other reviewing 
techniques and also “eliminate the programmer’s distaste for reviews” [2000]. 

We have earlier in this research seen that people are or had become satisfied not only to 
collaborate with a pairing colleague but also in their confidence in the resulting code. 
Usually they make better and simpler solutions thus creating better quality in code and 
eliminate the need for reviews afterwards. 
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Defect prevention 

Even if the people agree that early defect findings and especially defect prevention is the best 
way to handle defects, these techniques are only preventive to some degree. Both PSP and 
software inspections are in some terms preventive, but this relies mainly on the knowledge 
people get by review themselves or having their work reviewed [same knowledge is also 
created using PP]. The defect prevention here is “that the particular problem learned” will 
hopefully never be implemented again by that programmer since he has gained new 
knowledge. This is the human quality improvement we have previously talked about 
[Johnson 1998, op cit.]. 

According to Capers Jones methods for defect prevention are more difficult concepts to 
grasp than other defect handling techniques. He also give us numerous examples of 
preventive methods but many of them are arguable if they really are preventive, examples as 
defect estimation tools, LOC metrics, different test tools and formal reviews etc. [Jones 
1997, p. 159-173]. Standardised preventive techniques cannot handle the major part of 
defects inserted. Mainly because many of them are usually of simple nature, inserted in a 
moment of low attention. 

He also states that defect preventive methods are difficult both to quantify and to measure 
[Jones 1997, p 161]. We can only agree since how do you measure or log something that has 
never happened, has never been inserted for later removal? The only way might be 
comparing with older data. Except for standardised way of working to prevent some defects 
PP is nearly the only active way to prevent them being inserted into code. Another active 
preventive method is the development process called Cleanroom. 

 

6.4 Cleanroom 
When Dr. Harlan Mills in the early 80s invented Cleanroom he had the focus on not letting 
any harmful (defect) going into the software. He was inspired by the electronics industry’s 
physical clean rooms, they exists to prevent introduction of defects during hardware 
fabrication. Instead of being dependent on costly defect removal processes later on 
Cleanroom heavily rely on formal verified correctness before implementation and on quality 
assurance in every increment before continuing. Instead of waterfall development they 
divided a project into smaller increments, which all had to be certificated with respect to 
reliability and correctness before starting a new increment [Cleanroom Tutorial 1996; Linger 
1994]. 

The high formality and proof in correctness stands for a high quality in Cleanroom, the 
defect rates are in fact very low. Even though there are several successful projects conducted 
the Cleanroom development model is not widely used. Mainly because of its high formality 
and time spent of proof for correctness. Except for IBM it seems like Cleanroom is mainly 
used where the software heavily relies on extreme stability as nuclear plants, military, space 
and where environmental costs such as staff etc come in as second factors. If there is no such 
extreme factors then Cleanroom probably is not appropriate since it can suppress peoples’ 
creativity and their commitment, which itself can be a devastating factor and not in favour 
for Cleanroom. 

If we then compare all this formality and high quality in software with the quality that 
several pair programming researchers have found then we get two main differences. In the 
Cleanroom case we have a certain certified quality assurance not found by using PP. But in 
favour for PP we have less formal [and usual more relaxed] conditions to work on. When it 
comes to the actual implementation with Cleanroom, still a simple defect can be inserted into 
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code. There is nothing that implies that the additional use of PP in the process could not 
easily be inserted. 

Before Cleanroom, Harlan Mill had a proposal in the early 70s about software development 
as conducted as a “surgical team” where only one person is holding the knife and the rest of 
the staff is supporting him. With this idea he suggested that a whole team of 9-10 person 
should support the only single coder in everything around the production of software, e.g. 
administration, editing, tools, testing and secretary services etc. But closest to him there 
should be a co-pilot assisting him directly as a discussant partner, for aid as a thinker and 
evaluator. [Brooks 1995, pp. 30-37]. Letting only one out of ten implement the code have its 
economy in that a good programmer can be 10 times as productive as others according to 
Brooks. We see that already here Mill is suggesting proactive methods in software 
development and the co-pilot he suggests is very close to the PP collaboration colleague. 

 

6.5 Quality conclusions 
PP should be able to keep development on a good track, since there is someone behind you 
that constantly backing up and correct you if you have a bad moment. Which can sweep over 
anyone for a single minute. In Eric S. Raymond’s book The Cathedral and the Bazaar he 
states what he call Linus’ [Torvalds] law (founder of open source OS Linux) “Given enough 
eyeballs, all bugs are shallow”, which says with lot of beta testers and co-developers almost 
all problems will be fixed quick [2001, p. 33]. 

If a method is proven to be good or better than any other does it really matter? If someone 
has a bad day or just a single minute and insert a defect then it does not matter. But for every 
defect we can prevent from being introduced it makes a great difference. Either if a defect is 
found before release or not there is a cost for its removal whenever it is removed. 

A defect can be inserted in a fraction of a second, which later can take hours, days or even 
weeks before it is tracked down and fully removed. Hours spent late to find and remove 
defects are, as much worth as hours spent early to prevent them. Another problem is that the 
larger the code becomes the harder it can be to track the defects. Other problems are new 
defects inserted during defect removal. The probability also increases with the size of the 
program. The probability to insert or create new cross-linked defects also increases heavily 
for every defect removed. Cross-linked and referenced defects are usually hard to find with 
review techniques because they are not directly visible when reviewed. With a real 
preventive method as PP you should probably never have these problems or at least lessened. 

Since real quality is in the eyes of the beholder (in this case the user) then is a prevented 
defect a great way of improving quality, one problem is how a prevented defect is really 
measured? A problem with preventing defects is that you do not have hard measure what did 
“not” happen and the impact it did not cause! It may sound stupid but consider a choice in 
any crossroad, one will never ever know what have happened if one chose the other 
direction. Gilb and Graham state that inspections must justify their existence, and that 
metrics are the tools for measuring this profitability [1993, p 277]. But if we only rely on 
metrics then preventive methods will always have harder to “justify their existence”. 

Above is not a way to neglect any different development process (such as RUP27, Cleanroom 
etc.). They all have the good thing with them that they produce a standardized way of doing 
certain tasks. That is usually good since it is a way of improving quality in the long run. All 
development processes should be able to adopt PP in their normal routines and they should 
be able to do it without any greater fuss or changes. The usage of PP should be considered 
better before rejected, because it is 100% proactive in its nature. 
                                                 
27 Rational Unified Process. Information online at: http://www.rational.com/products/rup/index.jsp 
(2003-04-15). Krutchten, Phillipe, “The Rational Unified Process an Introduction 2nd Ed”, 2000 
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Chapter 7 
 

“How does a project get to be a year late? 

. . . One day at a time” 

Frederick P. Brooks28. 

 

 

 

 

 

 

 

 

7 Time-to-market and productivity issues 
 

Here we go through some aspects where Pair Programming could help companies create 
more money or increase market shares. We talk about Time-to-market issues and faster 
production in development time. We also address the problem with adding people late into 
software projects. 

 

7.1 Time-to-market 
Productivity has always been in focus of most organizations that produce any goods for 
customers. The quantification of products per unit of time spent is an old metric and can be 
found in any industry even in the software industry. This is one major component that sets 
the prize on a product but time is also a factor to consider. If we are early on the market with 
our product, i.e. long before our competitors then we most probably will take the largest 
market shares. If you become the leader then the others will have more difficulties to take 
shares, while you, as the market leader probably will have the advantage in cost leadership, 
since the additional copy of software is negligible. 

Mainly we have focused on Pair Programming with a quality focus, but what happens if we 
put our focus on time and especially in decreasing calendar time by using PP. What can we 
expect? 

 

You cannot have both . . . 

                                                 
28 The Mythical Man-Month, [Brooks 1995 p. 153]. 
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Usually all industries always want to decrease time spent and to minimize the overall cost. 
The faster people can work and finishes up the lesser the costs will be and more money can 
be saved/earned. But according to Capers Jones you cannot minimize them both just because 
they are each dependent on each other, thus we can only minimize a weighted amount of 
them [DeMarco 2001, pp 49-50]. To decrease them both is a logical impossibility. 

If you only work with one parameter “faster” then you will probably make an aggressive 
schedule to please your upper management. But too aggressive you know from the start it 
would not reach its goals but upper management will be pleased [for now at least]. Whatever 
you do you will end up with higher costs either you get more personnel or let people work 
overtime. Usually projects with an aggressive schedule also end up in fiasco [DeMarco 2001, 
pp. 58-72]. Working overtime also has its negative effects. According to DeMarco you will 
get lower quality, personnel either burn out or more quickly move to another job. If people 
work overtime too much you will also get inefficient time usage during normal working 
hours, since people will rest then to get energy to work overtime. No matter what you do, 
you will get increased costs and even worse overtime will produce less in total output. That 
is why XP stresses 40 working hours a week. 

To force people beyond their limits really does not work. Even if you have people with high 
expertise and creative thinking they must also have a third factor - motivation - that 
determines what people actually will do [Amabile 1998]. Too hard pressures on people and 
you have lost. That is what Tom DeMarco is talking about in his book “Slack”, how people 
actually work, how to recover efficiency and to see the real cost of the most important factor 
a software industry has: the human capital [2001, op cit.]. 

 

Market shares 

The time-to-market concept seems more and more important. Product life cycles are also 
vastly decreasing. The sooner we can have a product out on the market the more market 
shares can we expect. There is a constant competitive war in being first and being the market 
leader. Where time is the number one driver. Development cycles in the past that typically 
was 24-36 months have today declined to 12-18 months [Baskerville et al. 2001]. Internet 
development cycles can be as short as three to six months.  

One of the key challenges for companies is to reach a critical mass, after that stage it gets 
easier to sell the product, build the brand and become the market leader. Once your market is 
large enough it will merely build itself and you will get opportunities in cost as the market 
leader, since the production cost divided with numbers of copies sold will give you a lower 
cost per unit [Shapiro and Varian 1999 p. 1-14]. Technology changes rapidly but 
fundamental economic laws do not. Thus time to market is an important factor since being 
number two is always harder, costs more and usually gets less revenue. 

Thus, being aggressive in time schedules can be profitable if we do it from the time saving 
perspective and not from the perspective of saving costs or worse save on both. A single 
marketing campaign for a product today can cost enormous money. So if we add short 
development time into the calculations in the development process, increase development 
costs. Compare the additional costs with the revenue and market shares we can get, if we can 
decrease cycle times more, what can we gain then? 

 

7.2 Quality, it can depend 
Many times when people want to stress development and they let time be the driver, 
especially quality but also performance and cost becomes affected. All of these are often 
second priority. Developers have to insert toads, which are smaller pieces of functioning 
code, developed very fast and usually badly written. Toads usually lack quality features like 
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scalability, maintainability and performance and the more toady a first release is the more it 
will hamper the developer in future development. One advantage with toad code is if the 
software does not gain a large enough market then it has been cheaper to develop, elsewhere 
if the product becomes a major hit then quality can be built in afterwards [Baskerville et al. 
2001]. 

The problem with fast developed code and toad code, though, is that it is usually very costly 
to build up as scalability and performance afterwards into the present design. Mainly because 
there is no good architecture first place, and change in code with low maintainability usually 
results in a lot of defects. A larger amount of following errors and new defects increases 
when a larger interference in the code is necessary to create a good architecture. The cost to 
correct and to ensure good quality can be immense. As long as parts with low quality and 
toady parts remain, the cost will also increase with the increased complexity of growing code 
and time for further development. 

 

Quality and productivity 
There is a connection between quality and productivity. Quality takes time and thus will 
direct productivity decrease [DeMarco 2001, p. 113]. Usually all customers have to pay a lot 
for the quality either it is high or low. If quality is high then the cost has originally been there 
to reach it, but if quality is low customers have to pay what the lack of quality causes them 
and usually even the further increasing cost to get quality in the future product releases. But 
the time to remove defects in software to increase quality can be enormous, even devastating 
for code originally badly written in the first place. The complexity for code will increase 
over time and the cost correcting it will follow the same pattern. Thus can a focus on quality 
in the first place be the cheapest in total, or as Capers Jones has stated that with quality in 
focus, production will follow [1994, p. 619]. 

Those companies that have released early products fast with very low quality and instability 
to get early market shares, must later when a competitor can show better quality follow or 
the market share may shift [Baskerville et al. 2001]. Another way of being early is to slip 
with features but still keep a high quality, but demands from customer or new functions 
marketed by a close competitor may make this path impossible. But rushing a feature 
without SQA can endanger the quality, the whole product and future reputation. 

One of the fastest ways to come up in speed and to maintain a certain quality is to buy 
already made software pieces, COTS (commercials on the shelf) [Baskerville et al. 2001; 
Brooks 1995, pp. 197-198, 218]. To build and frequently reuse in-house existing code is also 
a good way, maybe not as fast as buying but the control over the quality may increase. But 
quality in reuse can be a problem and it requires good design and good documentation 
[Brooks 1995, pp. 222-225]. 

 

7.3 Adding people 
This section is absolutely not written to depreciate and lessen the writings and thoughts in 
Frederick Brooks’ classical book “The Mythical Man-Month”. Instead they must be seen as 
new thoughts or hypotheses since new techniques have evolved during nearly thirty years of 
development since the original text was first written, i.e. what was seen as a revolution in 
1975 is many times accepted truths today and standard proceedings which no one react on at 
all. 
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The mythical man month 
In his book he states that men and months are not interchangeable because there are tasks 
dependent on sequential blank constraints. Some tasks need to be done before others can be 
made and this is why they are not interchangeable. Only independent tasks can be done with 
increasing manpower and thus have more people added [Brooks 1995, p. 14-26]. But if we 
double the force with a pairing colleague then each of these subtasks can be made quicker 
due to the collaborative work as seen from experiments and case studies (see section 3.3) and 
reduce the total calendar time and thus make the release earlier. 

But if we just add people then Brooks statements about training and intercommunication 
problem is very relevant. The intercommunication problem will increase between subtasks 
and developers with N(N-1)/2 where N is the number of people. Here PP should half the 
problem and thus change the formula to N(N-1)/4, if we used PP on every single subtask, 
since intercommunication problems should not be present between pairing colleagues 
working collaboratively on the same subtask. Some of the training and interface problems 
between subtasks might also be lessened since the constantly change of new pairing 
colleagues and the standardized way they use to produce the code may spread knowledge 
and decrease the interface problems in a positive way for these issues. Brooks’ law is 
founded on experience that defects tend to cluster at the interfaces between codes written by 
different persons [Raymond 2001, p. 36]. 

 

Brook’s law 
Brook’s law states: “Adding manpower to a late software project makes it later” [1995, p. 
14-26]. Let us agree on that since introducing people “too late” will only disturb the 
productivity the team already have since the time to introduce people into any task and code 
are too high. But, what if we get behind schedule and realise it fairly late? What can we 
expect of inserting pairing colleagues to a normal single developers’ project? With a paring 
colleague the productivity should almost remain the same the first days since no actual need 
for introduction is needed. You simply add him as the observer and he is cooperating fully in 
all the new code produced, the lesser defect-rate will be instant. Soon he will get a grip over 
the product itself and its architecture and he can become the driver in new tasks. Another 
benefit is that new colleagues never work alone and making mistakes because of lack of 
system knowledge. You also do not need to spend time supervising them constantly, which 
happens to be the original problem with adding people late. Instead you can benefit from 
them instantly and soon the productivity will increase when the new colleagues know all 
parts involved. The anticipated rise in quality of code as stated before will only be on the 
new parts, though. 

Brooks has successfully used the division on effort spent as: 1/3 for planning, preface and 
design etc., only 1/6 is used for coding, 1/4 is spent on component tests and early tests and 
finally the last 1/4 is used by final system tests. Let us assume that these figures are correct 
for all software development projects [which is probably true in most cases]. Since we 
usually already collaborate or work in teams in the planning phase there is no change in time, 
just the way of doing it with pair reviews. Then let us only calculate with that a pairing 
colleague will not increase anything in speed, only in lesser defects and thus higher quality 
due to the constant review and thus we will double the coding figure to become 1/3 of the 
effort. Suppose we could increase the quality in such grade we could half the effort needed 
for testing, defect tracking and removal, then it would only consume one 1/4 of the total 
effort, i.e. a reduction from 50% to 25%. But what is left is 1/3 for both test tasks and if the 
original figures are correct then the part leftover has been won and is in favour for PP. 

If this is not the case and if the tests will consume the whole 1/3 then PP will not cost more 
to use anyway. If 1/3 is not enough and we need more time then we have not considered 
what we have neglected in the example: that two persons pairing do finish their task sooner 
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than singles, as well as a decreasing in total calendar time needed. Another issue, which is 
also in favour for Pair Programming, is that many “eyeballs” tame complexity in code 
[Raymond 2001, p. 35]. 

 

7.4 Productivity 
During software maintenance 40 to 60% is quoted as a figure of the total time needed used 
just for program understanding, for adding a new task [van Deursen 2001]. This figure 
should be able to decrease by the usage of PP from several perspectives. The most important 
one is that PP does reduce the initial complexity because of better solutions in the first place. 
Afterwards it will be easier to understand for anyone. But then the likelihood is also higher 
that a person is left in the building knowing the parts, mainly due to that they were at least 
two persons creating it or even more persons due to the pair switching. This is also what 
sharing knowledge to some extent is about, more people knowing. Because of the switching 
between pairs, pair programmers is forced to unite their way in how to write code. Implicit 
this will decrease their effort needed for understanding new parts during later maintenance. 

 

7.5 Final thoughts on market issues 
Time-to-market issues become more and more important. To be early on the market can be 
the difference between success and failure. Since technology constantly changes but 
economic laws do not, we must be up in speed and in the front line to survive. Because 
information and software are initially costly to produce but the reproduction of another copy 
is negligible we must be sure we will as soon as possible get back our invested money. Early 
release usually means early revenues and market shares. 

But if quality is too low much due to early release it can backfire both as decreased market 
shares, bad reputation and increased development cost to increase quality later on. To sustain 
our market share the qualities in our code today will not only reflect the hard captured 
reputation we have put effort in to gain until today, as well as all money spent on building 
the brand. The qualities for today will also affect our reputation for tomorrow and for a long 
time into the future, which in the long run might be more important. Brand and reputation 
are important; we buy today’s paper on yesterday’s reputation [Shapiro and Varian 1999, p. 
5] 

The initial extra cost Pair Programming explicit shows up may be gained from many 
parameters and we have only pointed out few of them. The explicit relation in cost vs. 
income it can show in earlier market release is fortunately more obvious and easier to 
calculate. 

Early results from agile adoption show that there is a productivity improvement for 15 to 23 
percent in average and a cost reduction of 5 to 7 percent in average based on industry 
benchmarks. A 25 to 50 percent time-to-market compression compared to previous projects 
by using agile methods and still defect rates were on par with previous projects [Reifer 
2002]. 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In part three contains the survey, its design and the 
final concluding chapter. In chapter 8 we have the 
background description, the outline and design for the 
survey. In chapter 9 are the results presented. In the last 
chapter 10 we have future suggestions, reflections and 
conclusions of the work. 
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Chapter 8 
 

“The truth is out there!” 

The X-Files, TV program29. 

 

 

 

 

 

 

 

 

 

8 Survey design 
 

In this chapter we discuss the background for the survey presented in the next chapter. We 
go through the background for the survey, its purpose and the design. We also discuss 
validity, how we are going to do it and the outcome we expect to have from the responses 
from our questionnaire. 

 

8.1 Background 
We think there are two main problems that must be handled before anyone can introduce PP 
in a development project. First the management/organisation must accept the usage of it and 
find it good enough to try and use it. Hopefully there might be something in this thesis that 
bring out some part or a new view that can be an initiator in finding it possible to start to use 
it. The second problem is the developers, who should be the user of the technique itself. 
They must also become confident with it, believe in its benefits and absolutely accept to use 
it. 

What people want to do, they do much better than tasks they are forced to do. This might be 
some of the cause why software inspections are not so widely used. People usually wait as 
long as possible doing dull tasks because they do not enjoy doing them. They actually only 
do them if they are forced to do it or they know it must be done.  

But research indicates that people in doubt usually become very satisfied after they used PP. 
They even enjoy their work more working with a collaborating colleague than singles 

                                                 
29 American TV fiction.  
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working alone (see Pair Satisfaction in section 3.3) and we think this is one fundamental 
factor for a method’s success. 

 

8.2 Survey purpose 
Today PP is not widely used neither in Sweden nor elsewhere. Even if research indicates that 
people, who have tried it, are satisfied and have confidence in the technique we do not know 
what developers in Sweden think of it. Therefore the main purpose with the survey was to 
see how confident people here might be with PP. Since the use of PP is quite new in Sweden 
we also felt that our survey should cover the confidence developers have in PP, which have 
not used it yet. How, if and where do developers see the benefits from PP? In which ways 
might PP be better to use than normal single development? Is there much resistance to start 
use PP, and is there resistance even for those who used it already? If people do not feel 
confident in the technique or have great resistance using it then nothing else matters, you can 
never expect to get something good [or a success] out of something people do not like to do 
or use. 

To insert PP into the daily development work should be quite easy and should not cause too 
much disturbance in other parts. But this is not done so close in time anyway. It is going to 
take long time before a larger amount of companies and projects have started to use PP, thus 
we also wanted to investigate the next generation of developers, i.e. today’s students. 
Students are the normal heirs but have not yet the same experience. In the same time they 
have a fresher education, newer knowledge and they usually see solutions from other 
aspects. The more experienced people are normally more confident in what they have and 
use, so their sense for something new could be shallow, especially before trying something 
new. 

The questions we tried to get answer from were: 

o Are people likely to adapt PP, are they willing to change to it? If they used it do they 
still like to use it? 

o In which parts in development cycles do developers believe that PP is more efficient 
compared to single development usage, and how much? 

o Can the usage of PP then reduce or exclude any other part in the development cycle? 

Note that the purpose was not to see anything from the managements’ aspects. We only 
made this survey from the developers’ perspective and mainly from their view of beneficial. 

 

8.3 Survey design 
 

Why a survey? 
A survey may not be the best way of getting results, but as a time space for a 20 credits 
thesis is limited it excludes the creation of larger arrangements as experiments needed for a 
good result. An experiment on the other hand does not allow us to get as wide and broad 
perspective as surveys, it is better for sampling pure measurement. Surveys are a time and 
cost efficient way of gathering data to get a good perspective both from a subjective side as 
well as from experience [1; 2; 3]. 

Since we have targeting a special group of people (developers) and that some see Pair 
Programming as something interesting and others do not, a normal mix would not create that 
much mismatched results. There is today also an increasing interest among developers for 
lighter methods and some have already adopted lighter techniques as XP, which uses Pair 
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Programming. The results come to a certain degree from people’s subjective believes so 
there should to some extent be a lack of total objectivity that is better handled in fully 
controlled experiments. The academic claim is therefore of lower value. We believe that with 
a mix of misbelieves or interests and for some even PP experience, compared to the 
experience people have in programming, should balance this. Especially since PP is quite 
easy to understand and how to use. People should know what they could expect from it. Thus 
we believe there is a certain degree of objectivity. Unfortunately people have preconceived 
notions about methods before they have used them, but this is also what the survey with its 
division between experiences or not should show. Therefore, we must rely on the results and 
the honesty of the respondents even if it is more subjective from those who never used PP. 

Another aspect is that if an experiment should show more truthful figures, than what this 
survey is supposed to do. Then it has to be conducted for a much longer time than 
experiments usually do to reveal real true figures, according to us, since PP is something 
people must learn to be good at. If the study would have been conducted for a longer time 
(like a year) then people yet should have been surveyed, but both before their first PP 
experience and then afterwards to see how their beliefs might have changed from 
inexperienced to experienced Pair Programmers. We have seen that people are sceptic to PP 
before their first experience (see Scepticism in section 3.1) but this has changed into 
satisfaction after experience (see Pair Satisfaction in 3.3). 

 

Quantitative study 
Too few have adopted PP yet so we cannot say that they represent the average developer. 
Usually early adopters are also more thrilled about new methods that people adopting 
methods later, this is true both for products used in everyday life as well as for developers 
using new techniques. A participatory action research or an ethnographical qualitative study 
in this case would only have given us a narrow picture just from people with experience 
from PP and it would not have shown how likely people in average agree on using it. Most 
of the answers in such a case as PP must come from a subjective belief anyway rather than 
an objective truth since methods like PP are not likely measured in just raw figures. 

Thus to deeper and better learn what experienced people really feel about PP a qualitative 
survey should be the best. But to get a wider grip on how people in common feel, then the 
quantitative way of conducting a survey is better with more people asked. In this case we 
merely have been interested in the analysis of the latter and it better served our purpose. We 
see that if anything should have a growing potential then the developers must have a positive 
look at it and a belief in its benefits, or see the benefits from others using it. We are still 
definitely in the early phases with PP and need to find out its potential [1; 4]. 

 

Study design 
We tried to make the survey as easy as possible to fill in, because less effort also means a 
better focus on what is really asked for (see Appendix B). We had in mind that the survey 
should address both people that have had experience from the special subject and those who 
had not. We were asking what people subjectively felt and knew, both as users with and 
without PP experience. All respondents have gone through the same questions and there was 
no easier path to choose, e.g. like if you chose “no” and then not have to fill in a part that 
you had to do if you chose “yes” instead. This was mainly because we did not want people to 
give us a wrong answer due to an easier path through the questionnaire [1; 5; 6]. 

When it was applicable we chose to use a neutral value when people compared, i.e. equal 
weight 50/50. The main reason was the lack of experience and thus we did not force the 
examined to choose a side, since this could be more misleading because it is almost 
subjective answers. If people are very little more in favour for something than something 
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else, then a neutral does not affect the total result in favour or not in favour for PP, i.e. if PP 
only can show a little effect then there is no need to know how “little”. Instead we had an 
option to choose “little” in both directions since it gave us a better clue where people 
believed the truth to be. Therefore we have not forced them to choose side. 

We used percentage values with guidance texts as: “low”, “much”, “very much” etc. to 
reduce differentials in people’s subjective interpretations and valuations of words and values. 
These we believe have helped to do the answers more trustworthy. 

All the main questions have 7 options either from 0-100% (see Appendix B, part 2) or have 
been formulated as a valuation between PP and another techniques, the middle one is the 
equal weight as said before, i.e. 50% on each side (see Appendix B, part 3). The other three 
options on each side are in a raising grade toward the option they are pointing at. The highest 
grade was set to 90% in these cases, because sometimes people do not think it is absolutely 
100% and often refuse to set a mark in such option. Thus we have chosen a value near 100%, 
which can be seen as absolutely 100% for those who search for that option and high enough 
to conclude if the queried either sees it as almost 100%. We saw this as a good and easy way 
to be able to put enough weights for a queried person to be satisfied and for us to extract data 
from. Here we could even have had the ability to create tertiary weights using the three 
middle options as an equal option and each two on the other side to single options. This is 
however not used since we do not see any benefits from it this way. 

The first part of the survey was mainly to be able to divide people into groups both from 
aspects from professionalism as well as from experience from PP or not. Additional elements 
as age, sex and education were merely to make people relaxed and not being hesitated into 
the questions. 

In the last part we had one question where people should chose three categories out of 12 
where they think we can expect the best benefit/profit from using PP. We had options like: 
pre-study, documentation, design, coding, test creation and test conducting etc. This part also 
had an final question/option for free text so people could express their feelings about 
different issues of Pair Programming, or what was lacking in a less formal way. It was in a 
naturally open format, thus, they were able to add whatever they wanted to emphasize on. 
Such options are good to learn from and give clues to future research. Most of our 
respondents’ issues have been reflections about the social issue behind PP while some used it 
to inform about their background and personal relation to PP. 

Finally there was a field for the respondents e-mail address if he/she would like to have a 
copy of the result from the survey. This was not only an incitement to fill in the 
questionnaire. We also saw this as an opportunity to see if people found the questionnaire 
valuable in its present form, i.e. its quality, if they did not like it they might not insert their 
address. Since professionals usually have more limited space and time we knew they would 
be less eager to see the results, especially people without PP experience. 

 

How to get respondents? 
Our main focus was to create the survey to be filled in by paper then handed in. But we also 
designed it to be filled in electronically, since we knew that we had to find some 
professionals and especially non-local pair programmers further away. By having it in both 
ways we also added the possibility to have it filled in now or later. People could hand it in 
directly, mail the questionnaire or send it in later by e-mail or fax. For those queried living 
far away any of the electronic ways was a possibility in both directions. All options have 
been used expect for real physical mail, which is quite understandable since e-mail and fax is 
easier to use in these circumstances. 
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8.4 Validity 
The face validity for this survey is built upon that people should at least have had a 
background as a developer. This and other aspects however have not been told to them. 
There was no need to be a developer at present date to be a valid respondent. But the queried 
must have experienced how easy it is to insert a defect and know all the effort it can take to 
find the defect later (see section 6.1). We believe they must have had that experience to be 
able to do a truthfully subjective correct answer. Built from own experience otherwise they 
would bias the result too much [1; 7; 8]. 

We will use the criterion validity between previous research and our results when it is 
applicable. Any explicit method for construct validity or triangulation on the result will not 
be conducted, mainly because there is no explicit valid data to triangulate with. To find 
biases between the sources what people said and what they do is not appropriate in this case 
since all queried is not pair programmers and thus not applicable here by doing a 
comparative qualitative study. Having more people analysing the data would have been a 
possible solution but we cannot access any and the time is limited [1]. 

The rules that were set up before was that professional respondents should at least have two 
years experience else they should be neglected and should not be taken into account in the 
analysis. This is not a problem. Instead we had the problem in the student group, where two 
people argued being professionals with two or more years of experience. But comparing 
their relatively low age and that they still pursue their education still keep them into the 
students group. Only one respondent has been neglected and that was one answer coming 
from a professional company, but the respondent had no professional experience or even any 
academic education. 

 

Random sampling 
One of the goals was to achieve a good sampling between professionals and students. This 
was achieved. The goal was that 50 professionals and 50 students should be queried. We 
expected to have an answering frequency around 2/3 of the queried. We also wanted to 
divide the professionals into two 25-person groups with and without experience from PP. 
This emphasis was on the professional side since they have more experience and can be 
explicitly divided into two groups by query XP/PP-experienced people or not. To have a 
good separation for pair programmers or not among students was much harder. But we have 
encouraged some of them to trying PP sometime during their anticipating in BTH’s large 
software projects at spring 2002 just to get them more aware and experienced. Some of them 
have also been using Pair Programming before. One that we have asked before the study was 
very impressed about what they achieved from using PP.  

For the professional side our ambition was to find Pair Programming projects or people that 
previously had been involved in such projects into the experienced PP group. And finally 
other software companies where people develop as single developers without PP experience. 

 

8.5 Expected outcomes 
Before we did the survey we expected it should give us the following results in general: 

1) Inexperienced people usually believe they will be good at PP in a couple of days or 
weeks, but experienced will state that it takes longer time up to two months or longer. 

2) If people are less familiar with PP then their belief in its value should be lower than 
those who have used it. As seen in research people are sceptic to PP before they have tried it. 
But we believe that this resistance to use PP is also minor for the inexperienced. The 
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resistance is not high in any group and we expect that the majority of people can be Pair 
Programmers. Hardly any should leave a company if they are forced to do PP. 

3) The majority of the respondents should say that PP introduces fewer defects into code 
and thus have higher quality. But from the experienced groups the value of increasing quality 
and especially in code development speed should be higher than those who have never tried 
it out. The inexperienced will have a wider spread in their subjective beliefs in the increase 
of total quality and that development time should be equal and as low as in single 
programming. 

4) All kind of test-phases (both construction and execution) should be that part where PP is 
expected to show least productivity. We expect this outcome from all groups mainly because 
this phase is not introducing as many defects causing software failures, as other phases do 
like implementation of code and documentation. When tests are created we usually have the 
solutions made and can use them as guidance in how to do. 

5) We expect that the majority of the queried will respond that PP increase the quality in 
the software so the test-phase can be lessened about a 1/3 in average due to decreased time in 
defect tracking and removal. The value should probably be slightly higher for the 
experienced Pair Programmers, though. 

6) The reduction of documentation should be low but the time we spent on reviews 
especially in code can be reduced very much, nearly exclude the need for additional reviews 
and inspections. 

7) Code development should be the part with the highest productivity value from all 
groups and where we can expect the highest profit. 
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Chapter 9 
 

“I think factory methods for software are dead wrong, witless, and counter-effective. 
Organizations that build good software know that software is an R&D activity, not a 
production activity. Organizations that try to make it into a production activity produce bad 
software (though potentially lots of it). . . .” 

Tom DeMarco30. 

 

 

 

 

 

 

 

9 Survey result 
 

Here we present the result we have found from the survey. We go through and analyse our 
expected outcome and our research questions with the results from the survey. Here we also 
present other interesting findings we have found from this survey and sum up some of the 
respondents’ own thoughts and comments. Finally we conclude the findings drawn from the 
survey. 

 

9.1 Introduction 
The result is based on 67 respondents from different companies and locations in Sweden, as 
well as students. The survey was made during a month in time. It started on the 21st of 
November. The last answers were received on the 19th December. 

 

Survey layout 
The first part contained seven questions and it contained mostly affiliation and peoples’ 
background. These questions were merely a start-up phase and are only briefly commented 
below (see Appendix B for the whole survey layout). 

In part 2 we had 10 questions where the respondents should mark how strong value they felt 
a statement had. There were seven answer-alternatives and these were accompanied with a 
percentage value, e.g. Not at all 0%, Very little 10% etc. The alternatives in text depended on 
                                                 
30 From DeMarco’s own introduction to Essay 12 in his book “Why Does Software Cost so Much? 
(And Other Puzzles of the Information Age)”, Dorset House Publishing, 1995. 
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the questions but the values were always the same: 0%, 10%, 30%, 50%, 70%, 90% and 
100%. 

In the third part we had eight questions where they should compare Pair Programming with 
normal development as single programmers. Also here they had seven answer-alternatives 
but they were divided into three options on each side a middle value, 50% on each side. This 
equal value said that no option were better than the other. Questions were made as a 
comparing scale between Pair Programming (PP) and Single programming (SP) where one 
side increased in value while the other option decreased. The three option were: much better, 
better and little and was on both sides. These were accompanied with percentage values, too, 
i.e. 90/10, 75/25, 60/40, 50/50, 40/60, 25/75, 10/90. 

The last part had four questions. The last one was a question if the wanted a copy of the 
summary of the survey and the previous was an open one where they freely could fill in what 
they wanted to comment etc. The other two questions were on how efficient PP could be to 
reduce other tasks in software engineering and in which task they thought PP would be most 
efficiently used. The first question had six sub-questions with seven answer-alternatives as 
we had in the second part and in the other question they should mark the three best 
alternatives out of 12. 

 

9.2 Survey results 
When we talk about with or without experience in this case we do not mean experience from 
software development but only in terms of experience from Pair Programming. 

Survey data 
All students at BTH that conducted the large software projects in the spring of 2002 were 
queried except for economics students and one person we lacked the address to. Except from 
them only one extra person was queried, which helped with the pre-review of the survey. In 
total 55 students were asked to fill in the questionnaire and we had 37 responses. This gives 
us an answering frequency of 67% from the students. 

The answering frequency is a little more vague for the professionals since we have not had 
direct contact with all of them, especially not the pair programmers. We have asked the 
people who helped us get in contact with people to keep track of the people asked. We 
believe that there have been more people asked than we know of. In the same time we 
believe that the answering rate should be higher if we had had the direct contact. There were 
49 professionals asked in total and from them we had 30 responses. This gives us an 
answering frequency of 61% (we have the same frequency when they are divided into PP 
experience or not). There are 11 responses from pair programmers. 

All the students have been surveyed through e-mail and thus all responses have naturally 
been made with a reply through e-mail (originally we expected to do it in-person). For the 
professionals 14 responses have been made through e-mail, three through fax and the rest 
(13) through papers handed in in-person. 

 

Affiliation 
There were 80% male and 20% female among the professionals and for the students the 
figures were 92% males compared to 8% females. However none of the females are among 
the pair programmers. 

The average age as well as median age for the professionals was 33 years. For the students 
the average was 27 and the median was 24. 
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All but one professional pair programmer had more than 5 years experience. The students 
with PP experience have worked in a larger degree as professionals as they without 
experience. 

 

9.3 Compare with expectations. 
In this section compare our expected outcomes (#1-7 from section 8.5 Expected outcomes) 
with the graphs from the respondents results (see graphs in Appendix A). Here we refer to 
the survey questions/graphs as Q1-28. 

We saw 1-2 months PP experience as a good value to separate pair programmers and people 
without the experience, which we also used to separate them (#1). Research had before 
shown that it could take several months before a couple could be a real efficient team (see 
Pair Jellying in section 3.3). From the survey we also expected this figure from the PP 
experienced but expected a lower figure from the inexperienced. But the major part of the 
respondents thinks that 1-2 weeks is enough to see the benefits from PP (Q7, part 1). 

In #2 we expected a very low resistance to use PP among the respondents (the experienced 
was asked about their first time) and people have in general very low resistance to change 
into PP (Q9). Hardly any would refuse using PP and no one would actually leave a company 
if they introduced PP (Q10). People will follow the organisation’s decision it they decide to 
change. 

All the respondents think that finding defects early are very important and that PP can 
prevent much of the defects (Q14, 15, 20, 23 & 24). Students think PP is more efficient than 
professionals, though. It is interesting that professionals with experience do not see it much 
more efficient than people without the experience, we expected it to be the other way round 
(#3). As a median value they say it is fairly efficient, yet do some of the professional PP 
experienced think it is very efficient in finding defects, it is only in this group we find some 
top-scores, i.e. absolute defect prevention. Here we also expected that people should find and 
implement better solutions by the use of PP (#3), but responses are really widely spread here. 
Even among professional PP people we find that working as singles, can be equal or even 
better than the use of PP (Q21). 

 

Best benefits 
People had to choose three choices among 12 options where they expected the usage of PP to 
be most efficient or profitable (Q27). We knew there should be a big spread but also that we 
should be able to notice both the best options and the lowest ones. In all the four separate 
groups (professionals with and without experience and students with and without experience) 
all groups had chosen at least three of the four highest values. We expected the highest value 
from code but people tend to see the best benefits from the architecture phase (#7). 

The areas where PP is judged as providing the best benefits are: Architecture, In coding and 
finally and with the same value, Requirement engineering and Low-level design.  

We also expected that all kind of test should be of minor value for PP, which showed to be 
the truth (#4). We assume this because in this phase people merely check produced tasks 
rather than producing them, thus, this phase does no create as much defects as pre-phases 
and implementation does. The three lowest starting from the bottom are: Running unit tests, 
Running system tests and finally the creation of the system tests. In the later development 
phases we see the most of the lowest values, like defect code correction time and overtime, 
which both only had max 5% of responds (Q27). This is also shown in the comparison part 
about test and overtime (Q22 & 25). Their answers are more spread and not that strong in 
comparison to other questions. 
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Even if documents in general must be related mostly to the early phases this has a very low 
value, which we also expected (#6). Maybe because documents have less impact on defect 
creation and in failure of software, i.e. the same as for tests (Q18 & Q26 a). 

We expected that the need of reviews and inspections would be very low (#6), but people 
only tend to say that we can only see a noticeable reduction (Q26 b & c). But the PP 
experienced professionals say we can reduce reviews/inspections of code more than the 
others and professionals without PP experience think we can reduce it the least. Maybe 
experience from PP should give a more truthful value, but before any conclusions are drawn 
we need real measurements. 

Our expectations that the test-phase should be able to be shortened with a 1/3 (#5) cannot be 
drawn from the figures (Q26 d & e). We can expect a noticeable decrease in test time 
needed, though. The value was slightly higher for experienced PP people but not as high as 
we expected it to be. 

In general we had expected more differences among experienced and non-experienced 
people. 

 

9.4 Other interesting aspects 
From the survey we have also concluded the following interesting aspects. 

It is interesting that the success of others highly affect us so much. If other 
organisations/projects would be successful in their use of PP people would in fact argue 
quite much for the usage on a personal level to others. People are actually very interested in 
methods that increase their performance and they are willing to adapt them (Q11). 

People in average think that 50% can fit to work as pair programmers (Q13). That this value 
was higher for the professionals with PP experience is understandable since they usually 
already work together as pairs and know what is needed. What is more astonishing is that as 
many as 26% of the respondents state that they think that only a few down to very few (10 - 
30%) can fit as pair programmers in an average organization. 

 

How much by pairs? 
One of the most interesting questions from the survey is how much of the code should be 
produced by pairs. We think that people with PP experience should best answer this 
question, but they do not differ that much from the others anyway. All respondents are quite 
united in that pairs should conduct half of a project’s code (Q16). People with PP experience 
do think that half should be made, as pairs while people without PP experience think a little 
less should be done as pairs. Pair Programming in general says that everything should be 
done as pairs. People tend to see much of the code to be implemented only as routine coding, 
i.e. simple coding routines. Therefore they state that the effort and efficiency from PP is lost. 
This is implied from several people in the open query where they could fill in anything they 
felt was important (Q28). 

It is also interesting that the answers are widely spread from the professionals with PP 
experience about how much of the documents that should be produced as pairs (Q17). They 
are really equally grouped in three different categories where one group say very little, one 
say half and the final group say nearly all of the documents should be written as pairs. Even 
in the question where they compare it with single programmer this can be seen (Q18). There 
are several from the professional PP group that think that a single programmer is better. 
Some have commented as they work as parallel singles where they check each other’s work 
when they are finished. We have interpreted this as they split a task into two pieces, then 
each person develops his piece and then they review each other’s final work. 
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Otherwise people do not see too much efficiency using pairs when they produce documents 
(Q26 a). Instead we can find good efficiency from PP in architecture and design phases (Q19 
& Q27). All the early phases are indicated all over the survey to be the most efficient ones 
for PP. But we can also see that people have very different opinions of how good PP actually 
is in these early phases (e.g. Q18, 24, 26 & 27). 

 

Open query responses (Q28) 
Many of the respondents mentioned the importance of the personal chemistry, how well you 
work together. But one experienced pair programmer also says that the effect is only minor 
when people are used to the routine. Another inexperienced says that we are social in nature 
and feel more comfortable sharing tasks like problems. He saw PP as co-piloting in airplanes 
backing up each other by watching. While another person mentioned that he could never 
develop software while some watched him. 

According to some there are many tasks that are too easy to do, as a pair thus it is a waste of 
time and because of this PP can also be frustrating. They say that PP should be used working 
with complex tasks and algorithms etc. 

Being a pair can cause stress since you do not get enough with micro-pauses since you have 
to be aware of what is happening constantly. 

But not being pairs all the time can also cause a lack of important context information, which 
can introduce defects. When not constantly pairing more misunderstandings will occur, 
oversight (omission) comes up. More issues need to be explained before people could pair 
again and the actual pairing speed will be slowed down 

One said that they had reverted back to what they call “semi-PP”, sitting side by side of each 
other with a computer each and more work like “parallel SP” but with a continuous 
crosschecking and today they are working faster. 

 

Remarks 

People think they are in general fairly familiar with the concept of PP (Q8). That people with 
PP experience have a little higher median and average values in their answer about this are 
not peculiar or that there are people without any experience of PP that still are familiar with 
the concept. But what is more odd is that some people with PP experience, especially 
students say they are little or very little familiar with the concept. How we should interpret 
this we cannot say, maybe some people think there are always some more to learn about 
anything.  

When we put together all the values we noticed some deviation between people’s experience 
with PP and the rest of their answers, but at the same time there are many experienced pair 
programmers stating in comments that PP is not efficient in routine code, e.g. set and get 
methods. 
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9.5 Survey conclusions 
 

People have low resistance if organization introduced PP and people will even argue for it if 
they find information or if other projects show it is useful and productive. 

They think it is important to find defects early. PP is most efficient in requirement 
engineering, architecture, low level design and in coding. But they do not think it is very 
good to be pairs while creating ordinary documents, which are usually done in the early 
phases, and for creating and conducting tests. 

Peaks and median values derived from the queried in all the sub-questions about what PP can 
reduce in other tasks (Q26), says that we can only see a noticeable effect. PP can only reduce 
or affect the time for other tasks a little. Except for the amount of document, which is even 
lower. We expected higher figures. 

People do only believe in PP to a certain degree and not to be used on every task. It should 
not even be used every time within a task, people are united that 50% is a good figure for PP. 
This is also something several experienced pair programmers have commented in the open 
question. 

 

Research questions. 
 

o Are people likely to adapt PP, are they willing to change to it?  
If they used it do they still like to use it? 

People have very low resistance for start using PP and they are willing to give it a chance. As 
well as people are willing to change to PP the majority also has low resistance in changing 
back. 

 

o In which parts in development cycles do developers believe that PP is more efficient 
compared to single development usage? 

People believe that PP is an efficient technique in finding and preventing defects. They 
believe that PP introduces fewer defect compared to single programmers. But it is not as 
efficient for documentation (requirements specification excluded) and tests. The highest 
benefits from PP can be found in the early phases. 

 

o Can the usage of PP then reduce or exclude any other part in the development cycle? 

We cannot expect any reduction in time needed for documentation and creation of tests. But 
the time needed for reviews/inspections can be reduced by about 1/3, both for code and for 
documentation. The time needed for conducting tests can only be expected to being reduced 
a little. 
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Chapter 10 
 

“It's not that I'm so smart, it's just that I stay with problems longer.” 

Albert Einstein31. 

 

 

 

 

 

 

 

 

 

10 Conclusion, reflections & future work 
 

This chapter contains the conclusion drawn from the whole thesis. Here we also address our 
own reflections and finally we discuss some suggestions for future work and research on this 
subject. 

 

10.1 Conclusion 
 

In Pair Programming two people are jointly solving one single task together. One person is 
leading the work as the driver and the other is constantly overlooking what is happening as 
an observer. The observer is constantly watching and supervising the present task while he 
also tries to find a solution for their next task. A pair switches being driver and observer and 
they also change people between other pairs. Pair Programming can be used in every 
development task but it is mainly used in coding.  

 

Half the time 
Doing one task by two persons is not redundancy because two persons usually find a solution 
quicker. They also implement it faster and produce it with higher quality. But from the 
survey we can conclude that there is too much routine coding and easy tasks so that pairs 
should produce a maximum of 50% of a projects code. In general respondents think PP is 

                                                 
31 (1879-1955). 
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only good when something becomes complicated, otherwise they think it is too time 
consuming. If a special section or task is complicated then they can see a quality increase 
effect by using pairs, else people state that they work faster as singles.  

Students from an XP experiment at University of Karlsrühe also imply it is a waste of time in 
producing simple set and get methods (experiments and case studies in section 3.3). 

 

Pair satisfaction 
The students from Karlsrühe also liked to work as pairs, which people in the survey also saw 
as no problem to do. Almost everyone in the survey would accept to work as pairs if they 
were asked and they would also argue for using it if other companies or departments found it 
very useful. Yet they believe that only half of their colleagues would fit as pair programmers, 
but people deviated much in their responses. A possible explanation is that we are more 
adaptive than others think we are, thus we should expect that the majority will fit as pair 
programmers. 

 

Fast jellying 
Researchers have claimed that it can take months before some people become jelled and 
united as pairs. The survey has showed us that people only think it will take 1 - 2 weeks 
before we can see the initial benefits from PP. Our conclusion here is that since the majority 
of people are so willing to adopt to PP, if asked, then they will faster become a jelled unit. 
But for those not willing to use it a project should expect much longer time depending on 
people’s scepticism for PP before they become jelled. This has been reflected by researchers, 
too (see section pair jellying in 3.3), where the first one to become jelled within a couple of 
weeks but others have needed months before they have become jelled and united. 

 

Final word 
Respondents agree that the quality will increase if we use PP, but since there is no other task 
that PP directly reduce or can be excluded, we cannot argue that people should adopt PP. 
Since it is easy to adopt and use in the daily routines we think that people can easily start to 
use it and then draw their own conclusions. They will most likely come up with the same 
result, PP is not useful for routine coding, but have great benefits when the tasks start to 
become complicated. 

Our experience from PP is still too low. All the true benefits from it as an indirect cost 
reducer cannot be seen or measured. One single defect in the beginning can cost an immense 
amount of money in the other end to correct. Since it is too hard to explicitly measure it we 
will not be able to see all the benefits we can expect from Pair Programming. Respondents 
agree that Pair Programming is a good technique to reduce defects and to increase quality. 
But it is too time consuming and it cannot reduce other tasks enough to reduce the total 
development time. 

People must find it interesting to work together, which PP cannot do in routine coding, but in 
complex tasks.  
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10.2 Reflections 
 

In this part we allow us to reflect and criticise on good a bad issues around this thesis work. 
Note that below are our own free reflections and thoughts. Thus, the section contains some 
of the experiences and lessons learned by the author. 

 

Reflection 
Even though Pair Programming itself is a quite easy task to grip in its context, as a 
technique. There are too many parameters making it too complex to fully understand. The 
more one dig into it the more complex it becomes. Since our real experience from PP is too 
limited and we can never see all the benefits from it, this will unfortunately affect Pair 
Programming in a negative way. Most people both those with or without experience will 
always be blind from what they cannot see. Therefore probably full experiments are the only 
way to find out more from PP. But then we should do experiments with experienced pair 
programmers already united and jelled. We must measure a whole project as an own unit to 
see the true effects from PP. We think that only then we can see the real benefits from PP.  

To work as pairs must be made interesting and enriching else people will not do a good job. 
So we will probably be forced to exclude PP when we do routine work as set and get 
methods etc. 

 

Beware 
Chapters 4 to 7 are created as discussions, reflections and comparisons to other techniques 
since we think that researchers have focused too much on the direct productivity issues. We 
have wanted to bring in some new aspects where we can find new benefits from PP. But we 
have also been very restrained elsewhere in this thesis to make any conclusion from those 
parts since they are merely reflections of our own. In the same time we think people must 
find the true answer of PP in the effects surrounding it. Maybe we have been a little too 
positive in how we have related us to these issues, but as said we have forced ourselves not 
to draw any conclusions from these parts. 

 

The survey’s pros and cons 
The survey became more focused than its original intension. But a lot of interesting 
questions were removed from the survey since it could not be too large. In general we are 
pleased but some of the questions were too closely related. 

It was actually hard to draw any conclusions from the survey. Or maybe the problem is that 
we do not have enough knowledge to extract more relevant data from it. 

Originally we thought we would be able to show real figures, measurements, but during the 
work we have realised that it was impossible since there are too few people who have 
experienced PP for a longer time. Even those respondents who have real experience from PP 
in the survey, used too much of their personal subjective beliefs, too. 

Maybe we should have asked every pair programmer on the Agile Sweden list if they were 
interested in filling in the survey, since the experienced pair programmers were in minority. 
The responses in a survey will be affected from your ability to get people conducting it. Most 
of the respondents in this survey are people working in the south of Sweden. Even if the 
students originally come from different places in Sweden, the same university and courses 
might have affected them in their responses. The question is if these issues have affected the 
results. 
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Lessons 
The number one lesson is to work together [as pairs] during a thesis work. It is much harder 
to work alone since there is no one to discuss ideas and thoughts with. If the motivation is 
lost then you are the only one that can get it back on track again. The only benefit by 
working as a single, is that you can work with it any day or anytime, or do anything else 
without planning.  

Doing such a large work alone is also not recommendable, since collaboration is needed. My 
advisor has therefore been loaded with extra work and has been forced to put some energy 
on stupid elements instead of supervising, to some extent. Pairing is also to motivate each 
other and to have someone to lean back on in bad days.  

Also try to have a tight collaboration with your advisor (and learn when he has holiday etc.), 
to reduce misunderstandings. Use the knowledge and wisdom that resides in your advisor, he 
is there to help you, which my advisor have done. 

Through XP and PP we have come in contact with XUnit-test32 (automated test scripts), 
which we believe will affect development more than PP since such a test will stop a lot of 
defects being introduced. Especially old ones from occurring again if the test is changed to 
cover new found defects, once made it will live forever and catch every defect it is created to 
handle. 

 

10.3 Future work 
The experiments that have been conducted have not, except from one, had an adjustment 
period (see experiments and case studies in 3.3). They have also been focused too much on 
pure productivity and quality improvements directly measured from PP. To understand the 
full effects from PP better we believes that experiments in the future have an adjustment 
period and that they see it and measure it from a wider perspective.  

This could be hard since experiments should be strictly firm to be able to show academic 
figures, but this is maybe the only way we can find out more from Pair Programming. The 
present experiments have just showed us the explicit productivity and quality issues from PP 
compared to single programming. We have to add more parameters than normal experiments 
usually have. Maybe we cannot do it as experiments. Maybe they have to be done as real 
large projects, which even researchers agreed on is needed for future research (see 3.4). This 
issue is also discussed above in the reflection part. 

 

Others 
Other questions are how important the matching of pairs is, their background, skill and 
experience. Is it important or not to make a match? Can we mix an experienced programmer 
with a fresh student and still have benefits from it? Can people still produce as good results if 
skills are mixed or deviate very much? 

 

 

                                                 
32 < http://www.xprogramming.com> (2003-05-08) 
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Appendix 
 

“Don't be afraid of pair programming:  
You're not as good as you think you are, but  
You're not as bad as you fear.” 

Ron Jeffries33. 

 

 

 

 

 

 

 

 

Appendix A 
 

In this appendix we have all the questions from the survey conducted during 21st November 
to 19th December in 2002. With all the questions we have summarised the results as a graph 
for each of the questions. 

 

A.1 Survey response results 
All the graphs have a separation between professionals and students. Except for the two first 
graphs they have also been divided between people with and without Pair Programming 
experience. There is also a summary-group where “all” the responds have been put together. 

All the graphs (except for the three first ones) are shown with the answers in percentage per 
category this eliminate the difference in number of people in each group. One answer equals 
about 5% in each category (9% for pro’s with PP experience). The two first graphs are 
shown as the number of respondents instead. 

The graphs 18-25 are shown as scales where a higher value is shown as a higher cone. The 
summary with all responds has been made as cylinders and are doubled in height to be easier 
to read. 

 

                                                 
33 <http://c2.com/cgi/wiki?PairProgrammingMisconceptions> (2002-10-09). 
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Abbreviation in graphs 
We have used the following abbreviations for the graphs. 

Pro PP: Professionals with Pair Programming experience (PP for at least 1-2 months). 

Pro Non: Professionals without PP experience (also include < week PP experience). 

Stud PP Students with PP experience (PP for at least 1-2 months). 

Stud Non: Students without PP experience (also include < week PP experience). 

 

A.2 Part 1 (Affiliation, 7 questions). 
1. Your gender? 
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2. Year of birth (transformed into age-groups)? 
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3. Your academic status (the closest)? 
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4. Are you working with software development? 
No graph needed, used only to separate professionals and students. 

 

5. For how long have you’ve been working professionally as a software developer in 
total? 
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6. How long have you been used Pair Programming, or worked for a longer time with a 
pairing colleague on a single task on a computer in total? 
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Only used to separate people with and without experience, as seen in the graph, but PP 
experience can be seen. 

 

7. How long do you believe it will take in average before two persons work efficiently as 
a joined pair? 
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A.3 Part 2 (Percentage, 10 questions). 
The 7 answer-alternatives were accompanied with a percentage value, e.g. Not at all 0%, 
Very little10% etc. The percentage values were 0%, 10%, 30%, 50%, 70%, 90%, 100% 

 

8. According to your own opinion, how familiar are you with the concept of Pair 
Programming?  
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9. How much resistance do you personally have to change to Pair Programming, or did 
you have before first time? 
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10. If your organization changed and said that all implementations should be done by 
pair programmers, to what degree would you refuse using it or even leave for another 
job? 
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11. If colleagues from other places reported on successfulness from using Pair 
Programming, how likely you think that you personally (with your colleagues) would 
argue for start using it? 
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12. How likely do you believe it is that you would like to go back to normal 
development after experiencing Pair Programming? 
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13. According to your opinion how many developers in an average organization do you 
believe will fit to be working as pair programmers and not only alone? 
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14. How important do you feel it is that a defect is found early, in any moment, 
compared with found but at a later moment? 
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15. How efficient do you believe that Pair Programming can be to find/prevent early 
defects producing documents, code etc.? 
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16. How much of the code produced should be made by pairs in normal projects, 
according to you? 
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17. How much of the text in the documents should be written by pairs in normal 
projects?  
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A.4 Part 3 (Compare, 8 questions). 
Here we also had 7 answer-alternatives, which were accompanied with percentage values, 
too, i.e. 90/10, 75/25, 60/40, 50/50, 40/60, 25/75, 10/90. They were made as a comparing 
scale between Pair Programming and Single programming (SP) where one side increased in 
value while the other option decreased. 50/50 were the middle “Equal” option and had the 
same other alternatives on each side. The height of the cones represent “% per category”. 

18. When writing documents as requirement specifications etc. Weight if Pair 
Programming is as good solution to exclude errors as having a document written by a 
single person and reviewed later on by another person? 
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19. In architecture and design phases: is a discussion between a pair better than having 
two singles presenting two solutions? Who will create the best final solution in general? 
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20. Do pair programmers produce code with equal amount of defects or lower/higher 
compared to a single? Mark where and how much lower amount of defects we can 
expect! 
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21. Do you believe developers find and implement better code solutions by using Pair 
Programming than singles? Weight your answer. 

Muc
h b

.

Bett
er

Lit
tle

Equ
al

Lit
tle

Bett
er

Muc
h b

.

Stud Non

Stud PP

Pro Non

Pro PP

All

Pair Programmer Single Programmer

 
 



 

  Appendix A   |   85 

22. Do you believe people build better tests in general (basic, unit, integration, system 
etc.) with higher detection results by working as pairs than singles (exclude auto-
generated tests)? 
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23. Compare the efficiency in finding defects in programming code. By constantly using 
Pair Programming and remove them before they happen or find them later having 
another person reviewing the code produced? 
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24. Which case above (Pair Programming vs. Single development with an additional 
review) will have the lowest amount of defects in developed code according to your 
opinion? 
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25. When people are tired or stressed is it easier to insert defects. Do you think that 
Pair Programming or Single Programming is best when working late hours, i.e. 
working overtime?  
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A.5 Part 4 (Efficiency, 4 questions). 
Also here we had 7 answer-alternatives accompanied with a percentage values. The 
percentage values were 0%, 10%, 30%, 50%, 70%, 90%, 100% 

26. By using Pair Programming do you believe it is possible to: 

a. Reduce documentation? 
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b. Reduce reviews/inspections of documents? 
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c. Reduce reviews/inspections of code? 
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d. Reduce creation of tests needed, due to early defect removal? 
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e. Reduce total test time needed? 
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27. Mark three options you think are most important to use Pair Programming in to 
get the highest benefit/profit in a project in total. The three best parts to use Pair 
Programming is in: 
People have marked the 3 highest valued options. The graph is converted to percentage 
values, this still give the same picture, though. 
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A.6 Survey’s open query comments (from part 4) 
28. Do you have anything to add to this subject or things you feel is neglected in this 
survey, please feel free to add a comment etc. 
22 of the respondents (32 %) chose to add a comment or wrote their reflections in the final 
open question. All their reflections and comments are all inserted below. 

Those written in Swedish have been freely translated into English, where only one has been 
shortened. One in English has had its last sentence edited to better fit (duplicated text 
removed).  

They are divided into two groups: first comes the comments form people, which have stated 
that they have PP experience and then people without PP experience. 

 

With PP experience. 
“According to my opinion PP is only good for specific tasks and not for all. In a large project 
is 80% of the code easy to write, to sit 2 is not only a waste of time it is also frustrating. For 
the other 20 % is PP very good and is used a lot”. 

“When it comes to PP, you have to be a pair all the time, and this can in itself cause stress, as 
you do not get the time to take the much needed micro-pauses, as you have to be aware of 
what is going on all the time, if it is to be true PP. If you alternate between performing the 
tasks, where one does something else, even for a shorter period of time, important context 
information gets lost, that in itself inevitably will lead to the introduction of faults, by 
misunderstandings, oversight, or result in slowdowns as the work has to be explained. Taken 
from my own experiences, having a partner that i worked very well with, we stopped using 
PP because of the introduced stress, and a number of other reasons, reverting back to semi-
PP, in the sense of SP with continuous crosschecking, sitting side by side with having a 
computer each. This way, we found that what we did as PP in a week, only took us about 
three days to accomplish using parallel SP”. 

“The personal chemistry means a great role when people create pair for the first time. When 
everyone has got routine using PP then doesn't the personality affect as much”. 

“I believe PP is good for documentation and design, also to solve difficult coding problems 
like algorithm, but it was hard to answer the survey when the questions was very general 
written.” 

“A question how about how important the matching of pairs is, their background and 
experience. Can you mix an experienced programmer with a fresh student and still produce 
good results?” 

“It is my opinion that PP is better suited for complex tasks than SP. On the other hand can 
PP be a waste of time for too simple tasks”. 

“It is a matter of discussion whether or not the productivity gain is worth the extra resources 
spent on the activities”. 

“I think you must consider the fact that different people have different backgrounds and 
ability to work with other people. Some people fit, some don't”. 

 

Without PP experience. 
“Regarding question 7: The time is very much depending on how well you know the other 
person, and how well you get along. If I have to work with a person that I get along well 
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with and that I have, for example, went to school with, then I think the start-up time will be < 
week or perhaps 1-2 weeks. If I’ll have to work with a person that I don't really get along 
with and haven't been working with before, the stat up time will be long, and the result may 
not be good”. 

“How well it works depends on how well you work with your ‘partner’” 

“I personally think it is good in some cases but not in all”. 

“Generally I think that working in pairs results in a higher quality of documents, code, tests 
or whatever. But I do not think it is very time-efficient. The question is whether or not the 
increased quality is worth the cost measured in working time. Especially when the deadline 
is getting closer and closer...” 

“A pair may be useful when solving problems and when testing but I think that the hands-on 
work such as coding and low-level design is better for a single person”. 

“One thing that got neglected is the form PP should be used. I don't think it helps if two 
developers are sitting all the time in front of the same computer. I think it's better if the work 
gets split up in different parts. Somewhere the developers are sitting together but somewhere 
they work for their own. In the later case handovers should be done, so that both developers 
are working with both areas. Example: one developer doing some implementation work, 
while the other is writing test application. After a predefined time period they swap, thus, a 
combination of the PP and SP development”. 

“I haven't worked myself as a pair programmer, only as a project manager when they have 
used it. Only worked myself as a single programmer”. 

“Pair Programming seems to be suitable in some cases but does the benefit really cover the 
very expensive costs. For example I do not think two programmers produce code twice as 
fast as a single programmer”. 

“PP is an excellent way to increase quality since you do an implicit inspection on code and 
document all the time. But we must consider if the value won compared to the extra resource 
used. If our resources had been infinite then would probably 80 % be a good figure.  
I know that studies have shown that PP leads to higher total gain (in quality, in reliability 
etc.), but my experience from PP is that the personal chemistry is one of the most important 
things, I think studies haven't' take this aspect in their result. 
In short: PP works in some cases, I know from my own experience. But it have shown that it 
works with those people I like to work with while it doesn't work that good (resources 
exceed the value won) with people I don't feel comfortable with”. 

“In coding it's just necessary to use PP in critical code parts”. 

“I don't think PP is a bad method, but personally it's hard for me coding or writing when 
someone else is watching me”. 

“It's sad that there is no possibility to add comments on the pre-defined answers to the 
questions”. 

“Like a co-pilot in an airplane you have the social thing among the work and when working 
overtime. Humans are social in nature and feel more comfortable I believe when sharing a 
task with someone else, like the problems in the work with finding a good solution in the 
system being developed. Also the backup guaranty that if one become ill the other one can 
continue or explain for the others if necessary. In marriage/life I think your wife is your co-
pilot and vice versa, although I don’t think you should get married with your work ;)” 

“I think it is important that we don't force people to PP. They must like to do it themselves to 
make it work. The personal chemistry is important”.
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Appendix B 
 

Appendix B contains the questionnaire design. We have chosen to exclude introducing and 
additional text and most of the answering boxes since we do not need them here. 

 

B.1 The queries and the questionnaire design 
 

Part 1 (Affiliation, 7 questions). 

1. Your gender?   Male.  Female. 2. Year of birth?   

3. Your academic status (fill in the closest)? 
  None.  Less than Bachelor degree.  Bachelor degree. 

  Master degree.  Licentiate degree.  Doctor’s degree or above. 

4. Are you working with software development? 
  Yes, as student.  Yes, Professional developer.  No, other. 

5. For how long have you’ve been working professionally as a software developer in total? 
  Never.  < 2 year.  2 years.  3-5 years.  > 5 years. 

6. How long have you been used Pair Programming, or worked for a longer time with a 
pairing colleague on a single task on a computer in total? 
  Never  < 1 month.  1-2 months  3-6 months  >6 months. 

7. How long do you believe it will take in average before two persons work efficiently as a 
joined pair? 
  Never.  < week.  1-2 weeks.  1-2 months  longer. 

 

Part 2 (Percentage, 10 questions). 

8. According to your own opinion, how familiar are you with the concept of Pair 
Programming?  
 Not at all Very little Little Fairly Much Very much Absolute 
 0%  10%  30%  50%  70%  90%  100%  

9. How much resistance do you personally have to change to Pair Programming, or did you 
have before first time? 
 None Very little Little Fairly Much Very much Refuse 

10. If your organization changed and said that all implementations should be done by pair 
programmers, to what degree would you refuse using it or even leave for another job? 
 Not at all Very little Little Fairly Much Very much Leave 
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11. If colleagues from other places reported on successfulness from using Pair Programming, 
how likely you think that you personally (with your colleagues) would argue for start using it? 
 No arguing Very little Little Fairly Much Very much Force it 

12. How likely do you believe it is that you would like to go back to normal development 
after experiencing Pair Programming? 
 No chance Hardly Maybe 50/50 Likely Very likely Immediately 
13. According to your opinion how many developers in an average organization do you believe 
will fit to be working as pair programmers and not only alone? 
 None Very few Few Half Many Almost all Everybody 

14. How important do you feel it is that a defect is found early, in any moment, compared 
with found but at a later moment? 
 Not at all Very little Little Fairly Much Very much Absolute 

15. How efficient do you believe that Pair Programming can be to find/prevent early defects 
producing documents, code etc.? 
 Not at all Very little Little Fairly Much Very much Absolute 

16. How much of the code produced should be made by pairs in normal projects, according 
to you? 
 Nothing Very little Little Half Major part Nearly all Everything 

17. How much of the text in the documents should be written by pairs in normal projects?  
 Nothing Very little Little Half Major part Nearly all Everything 

 
Part 3 (Compare, 8 questions). 

The PP (at left) stands for the Pair Programming option and the SP (at right) stands for single 
programmer(s) or standard development techniques. Weight your answer on how large you 
think the difference is between the two techniques. The higher effect you think a technique 
have instead of the other the closer that your mark should get. If you think there is no 
difference then mark the middle option, the 50/50 one. 90/10 and 10/90 can also be seen as 
100%. 

 

18. When writing documents as requirement specifications etc. Weight if Pair Programming 
is as good solution to exclude errors as having a document written by a single person and 
reviewed later on by another person? 
 Much better Better Little Equal Little Better Much better 
PP 90/10  75/25  60/40  50/50  40/60  25/75  10/90   SP 

19. In architecture and design phases: is a discussion between a pair better than having two 
singles presenting two solutions? Who will create the best final solution in general? 
 Much better Better Little Equal Little Better Much better 

20. Do pair programmers produce code with equal amount of defects or lower/higher 
compared to a single? Mark where and how much lower amount of defects we can expect! 
 Very low Low Fairly Equal Fairly Low Very low  

21. Do you believe developers find and implement better code solutions by using Pair 
Programming than singles? Weight your answer. 
 Much better Better Little Equal Little Better Much better 

22. Do you believe people build better tests in general (basic, unit, integration, system etc.) 
with higher detection results by working as pairs than singles (exclude auto-generated tests)? 
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 Much better Better Little Equal Little Better Much better 

23. Compare the efficiency in finding defects in programming code. By constantly using Pair 
Programming and remove them before they happen or find them later having another person 
reviewing the code produced? 
 Efficient High Little Equal Little High Efficient  

24. Which case above (Pair Programming vs. Single development with an additional review) 
will have the lowest amount of defects in developed code according to your opinion? 
 Very low Low Fairly Equal Fairly Low Very Low  

25. When people are tired or stressed is it easier to insert defects. Do you think that Pair 
Programming or Single Programming is best when working late hours, i.e. working 
overtime?  
 Much better Better Little Equal Little Better Much better 
 

Part 4 (Efficiency, 4 questions). 

26. By using Pair Programming do you believe it is possible to: 

a. Reduce documentation? 
 Not at all Very Little Noticeable Half Much Very much Totally 
 0%  10%  30%  50%  70%  90%  100%  

b. Reduce reviews/inspections of documents? 
 Not at all Very Little Noticeable Half Much Very much Totally 

c. Reduce reviews/inspections of code? 
 Not at all Very Little Noticeable Half Much Very much Totally 

d. Reduce creation of tests needed, due to early defect removal? 
 Not at all Very Little Noticeable Half Much Very much Totally 

e. Reduce total test time needed? 
 Not at all Very Little Noticeable Half Much Very much Totally 

27. Mark three options you think are most important to use Pair Programming in to get the 
highest benefit/profit in a project in total. The three best parts to use Pair Programming is in: 
  Pre-study phase.  Requirement engineering.  All documentation. 

  Architecture.  Low-level design.  In coding. 

  Unit-tests creation.  System-tests creation.  Working overtime. 

  Running unit tests.  Running system tests.  Defect code correction. 

28. Do you have anything to add to this subject or things you feel is neglected in this survey, 
please feel free to add a comment etc. (use the other side as well). 

 


