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1. MOTIVATION 

Should the Waterfall model be dropped in favour of more modern approaches such as 
incremental development and eXtreme Programming?  Many developers appear to show a 
preference for such modern approaches but there appears to be very little non-anecdotal data 
that substantiates such choices. IS, software development and software engineering books 
discuss the alternatives but offer little in the way of direct comparison and explicit metrics that 
address the impacts on the product, project and people. 

The classic Waterfall model was refined in the early 1970s to cope with the larger and 
more demanding software projects characterised by a growing level of complexity. It was 
heavily influenced by early attempts to introduce structure into the programming process1-7 and 
therefore offers a systematic development process leading to the orderly definition of artefacts. 
Many adaptations and adjustments have been made to the model leading to a variety of 
representations. Recent evidence suggests that it is still used extensively in many software 
development projects8-13. However, the proliferation of alternative models now offers a wide 
choice of perspectives and philosophies for development. Chief among them are incremental 
approaches, 14, 15 evolutionary approaches,16 and more recently, Extreme Programming and agile 
methods17-19. Extreme Programming is often viewed as a lightweight methodology focused on 
the delivery of business value in small fully integrated releases that pass tests defined by the 
clients. Reduced focus on documentation and control allows development teams to produce 
more creative solutions leading to greater satisfaction all around. 

Given the benefits of Extreme Programming in terms of creativity, value delivery and 
higher satisfaction levels, it is not surprising that many managers and developers have adopted 
such practices. To date however, there is not much information on the direct comparisons 
between the different approaches in terms of the quality, functionality and scope of the resulting 
products. Nor is there much information regarding the likely impact on the project, the 
intermediary products and the development team. 

The aim of this work was to investigate the impacts of different approaches. Fifteen teams 
working on comparable applications made use of four development approaches ranging from a 
sequential, via incremental and evolutionary development to Extreme Programming. The 
resulting data on the relative merits, attributes and features of the products, the time spent in 
each stage and the measures of requirements, design and programming outputs provide a start 
towards understanding the impact of selecting a programming and management approach and 
towards making informed decisions about which one to apply under different circumstances. 
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2. BACKGROUND 

The skillset focusing on the life cycle of IS projects is critical to both understanding and 
practising sound development and management. Indeed life cycles are prominently featured 
within the Bodies of Knowledge of many different disciplines (including the PMBoK, 
SWEBOK and APM BOK)20-22. A life cycle represents a path from the origin to completion of a 
venture. Phases group together directly related sequences and types of activities to facilitate 
visibility and control thus enabling the completion of the venture. The project life cycle thus 
acts as a framework focusing on the allocation of resources, the integration of activities, the 
support of timely decision making, the reduction of risk and the provision of control 
mechanisms. The benefits of using a life cycle approach identified by23 include attaining 
visibility, providing a framework for co-ordinating and managing, managing uncertainty, and 
providing a common and shared vocabulary. 

However the divergent choice in approaches leads to a dilemma when it comes to selecting 
the most suitable approach for a project. At the beginning of every project the manger is 
expected to commit to a development approach. This is often driven by past experience or other 
projects that are, or have been, undertaken by the organisation. In practice, little work has been 
conducted in this area and it is unusual to find studies comparing empirical result (with very 
few notable exceptions e.g. specification vs. prototyping 24, 25). 

Typical approaches include sequential, incremental, evolutionary and agile approaches. Each 
is likely to be better suited to a particular scenario and environment and to result in certain 
impacts on the overall effort and the developed products. These approaches as discussed in23 are 
highlighted below. Sequential Approaches. Sequential approaches refer to the completion of 
the work within one monolithic cycle leading to the delivery of a system10. Projects are thus 
sequenced into a set of steps that are completed serially typically spanning determination of 
user needs to validation of its achievement. Progress is carried out in linear fashion enabling the 
passing of control and information to the next phase when pre-defined milestones are reached 
and accomplished. Incremental Approaches. Incremental approaches emphasise phased 
development by offering a series of linked mini-projects (referred to as increments, releases or 
versions)15, 18, 26, 27. Work on different parts and phases, is allowed to overlap throughout the use 
of multiple mini-cycles running in parallel. Each mini-cycle adds functionality and capability. 
The approach is underpinned by the assumption that it is possible to isolate meaningful subsets 
that can be developed, tested and implemented independently.  

Evolutionary Approaches. Evolutionary approaches16, 28 recognise the great degree of 
uncertainty embedded in certain projects and allow developers and managers to execute partial 
versions of the project while learning and acquiring additional information. Evolutionary 
projects are defined in a limited sense allowing a limited amount of work to take place before 
making subsequent major decisions. Agile Approaches. Agile development has proved itself as 
a creative and responsive effort to address users’ needs focused on the requirement to deliver 
relevant working business applications quicker and more cheaply17-19. The application is 
typically delivered in incremental (or evolutionary or iterative) fashion. Agile development 
approaches are concerned with maintaining user involvement29 through the application of 
design teams and special workshops. Projects tend to be small and limited to short delivery 
periods to ensure rapid completion. The management strategy relies on the imposition of 
timeboxing, strict delivery to target which dictates the scoping, the selection of functionality and 
the adjustments to meet the deadlines30.  

Each approach appears to have clear benefits, at least from a theoretical perspective. Project 
managers are expected to select the most suitable approach to maximise the chances of 
successfully delivering a product that will address the client’s needs and prove to be both useful 
and usable. The choice should clearly relate to the relative merits of each approach. However, 
not enough is known about the impact of each approach and very little comparative studies that 
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can of the relative merits have been conducted. Real data is needed in order to facilitate 
comparisons between the approaches. Indeed, such measurements are likely to lead to better 
informed choices in preference to the adoption of fads. The rest of the paper describes the 
experiment, reviews the results, frames them and draws the resulting conclusions. 

3. THE EXPERIMENT 

The experiment was designed to investigate the impact of a development approach on the 
product and its attributes. It involved 55 developers in fifteen teams developing comparable 
products from the same domain. The objectives of the experiments were to investigate the 
differences in resource utilisation and efficiency between the 15 solutions. 

The product to be developed was an interactive package centred on a database system for 
home or family usage with an appropriate web-based user interface. The basic scope definitions 
of the projects were prepared in advance to ensure relative equality in terms of complexity and 
difficulty. Each product was slightly different using a different set of users. Users were 
consulted through the process, reviewed the system and came up with useful comments. Having 
fifteen distinct projects (as opposed to multiple versions of the same project) reduced the 
likelihood of plagiarised solutions across the different groups. 

All groups were asked to use JAVA and J2EE for transaction processing. Most used Sun 
public domain server tools for the deployment of J2EE and the Cloudscape database. A small 
number of the groups used JBoss server, MySQL database system and Borland tools. 
Regardless of the platform they selected the groups were instructed to experiment their way 
through the technology with little formal help. The result of the effort was a working product 
that can be viewed as working usability or technology prototypes. 

No preferences regarding the project, team or overall approach were accommodated. This is 
largely representative of real-life project environments. The 55 developers were randomly 
allocated to groups each consisting of three or four developers. Each project title (with its 
general definition) was also randomly allocated to a group. Finally, in order to remove any bias, 
each group was also allocated a random development life cycle (from a set of four).  

The set of software development methods included one representative from each class of 
approaches. The V-model (VM) (see for example [31] or IEEE830) was used as an example of 
a Waterfall-type sequential approach.  The Incremental Model (IM) and the Evolutionary 
Model (EM) were explained in advance and used in accordance with the description in31. The 
agile approaches were represented by Extreme Programming (XP) as defined by Beck19. 

The experiment took place in 2003 as part of a full year, two semester project. All 
participants were Computer Science majors in the final year of their programme at the 
University of Iceland. Students had lectures twice a week and had one project meeting a week. 
Each method was designated an expert leader (method champion) from the faculty. 

Data was collected regularly to ensure all stages of the processes were covered. Students were 
encouraged to keep logbooks to record measures and faults. Measures were checked and 
confirmed by the relevant method champion to ensure accuracy and correctness. Students 
understood that the grades were not linked to time and error measurements recorded in their 
logs and therefore had no reason to misrepresent activities or events. They were further 
encouraged to record data and events as they happened rather than resort to memory. 
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4. RESULTS 

4.1 Time spent on the project 

Table 1 shows the effort data as reported by the groups. Time spent was measured in hours 
and divided into the seven general activities giving an overall total. The total was converted into 
Project Months (PM) at 152 hours per PM. The groups are ordered by the development model 
used – V-model (VM), Evolutionary Model (EM), Incremental Model (IM), and Extreme 
Programming (XP). Sub-averages are given for each group as well as the over all average 
(OAve) and the over all distribution of time per activity. 

One of the Incremental groups spent 8.4 PM (1275 hours) on the project. This group is 
taken to be a statistical outlier as their result is out of line with other groups and the overall time 
availability and is therefore dropped from the tables below. (Rationale: The value of 8.4 PM is 
well above the likely maximum of 6.6 PM as computed by the rule of thumb:  median + 1.5 
Interquartile_Range.)  
 

Table 1 Effort in hours by activity 

Group  Reqs 
Spec Design Code Integr. 

& Test Review Repai
r Other Total 

hours 
Total 
PM 

VM1 65 76 111 11 23 36 194 515 3.4 
VM2 68 54 291 13 75 108 301 907 6.0 
VM3 97 80 231 31 97 68 317 919 6.0 
VM4 66 66 192 89 34 31 175 651 4.3 
Ave 73.9 68.6 206.1 35.6 56.9 60.4 246.5 748.0 4.92 
EM1 84 93 255 63 6 75 165 741 4.9 
EM2 37 73 116 39 14 63 122 463 3.0 
EM3 83 46 230 48 34 35 112 588 3.9 
EM4 68 20 76 81 38 19 104 406 2.7 
Ave 67.8 58.0 169.1 57.8 23.0 48.0 125.6 549.3 3.61 
IM1 57 52 259 30 14 52 56 520 3.4 
IM2 35 77 160 68 61 74 131 607 4.0 
IM3 40 25 138 24 38 36 178 478 3.1 
Ave 43.8 51.2 185.7 40.7 37.7 53.8 121.6 534.5 3.52 
XP1 26 0 256 83 42 92 238 736 4.8 
XP2 12 66 246 124 76 106 39 669 4.4 
XP3 11 13 115 42 23 80 90 373 2.5 
Ave 16.2 26.2 205.6 82.7 46.9 92.7 122.4 592.5 3.90 
OAve 53.3 52.8 191.1 53.1 41.0 62.4 158.6 612.1 4.03 
Tot % 9 9 31 9 7 10 26 100   

 
The V-model projects took longest with an average of 748 hours, followed by XP, 

Evolutionary, and Incremental (see32).  The longest time spent by a group, 919 hours, belongs to 
a V-model group whilst the shortest period, 372.5 hours, was experienced by an XP group. The 
requirements activity was demanding for the V-model, Evolutionary and Incremental teams but 
was less so for the XP teams. A similar trend was identified during the design activity. 
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Programming was led by the V-model teams, as was the Reviews activity, while integration and 
testing was led by the XP groups. Repair was also led by the XP teams.  

4.2 Requirements output 

The requirements output (Table 2) was assessed in terms of the number of pages, words, 
lines, Use Cases, screens, Database diagrams, DB tables and data items in DB. 
 
 

Table 2. Metrics for requirements and database 

Group Pages Words Lines Use 
cases Screens DB 

diagrams 
DB 
Tables 

Data 
items 

VM1 26 3605 1046 17 12 1 4 22 
VM2 25 2560 829 5 4 1 2 34 
VM3 22 3641 890 2 2 1 3 18 
VM4 15 1887 431 6 9 1 4 40 
Ave 22.0 2923 799 7.5 6.8 1.0 3.3 28.5 
EM1 11 1496 463 14 7 1 8 46 
EM2 15 2564 600 14 14 1 9 44 
EM3 29 3263 971 14 13 2 4 27 
EM4 21 3051 821 14 10 1 6 37 
Ave 19.0 2594 714 14.0 11.0 1.3 6.8 38.5 
IM1 20 3377 720 16 2 1 6 22 
IM2 27 3410 887 13 11 2 2 9 
IM3 21 3000 564 15 2 1 5 29 
Ave 22.7 3262 724 14.7 5.0 1.3 4.3 20.0 
XP1 4 730 158 9 14 1 3 26 
XP2 1 435 42 10 17 0 8 25 
XP3 12 461 69 6 22 1 4 17 
Ave 5.7 542 90 8.3 17.7 0.7 5.0 22.7 
OAve 17.8 2391 607 11.1 9.9 1.1 4.9 28.3 

 
The Incremental model resulted in a leading average output of 3262 words. XP in contrast 

averaged 542 words. Similar trends were observed for pages and lines, but in both of these the 
V-model just managed to overtake the Incremental model. The number of screens was 
dominated by XP with 17.7, followed by Evolutionary with 11, V-model with 6.8 and 
Incremental with 4.5. It should be noted that the XP groups did not design Use cases but made 
up Stories. The Stories were counted as Use cases. Overall, the V-model appears to have 
necessitated the most time, to have used the most words and correspondingly to have provided 
the fewest diagrams (i.e. a picture is still worth a thousand words). 

4.3 Design Output 

Design output (Table 3) was evaluated in terms of the number of design diagrams produced 
including; architecture, class, sequence, state, and other diagrams.  
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Table 3. Design metrics 

Group  Overview 
diagrams 

Class 
diagrams 

Sequence 
diagrams 

State 
diagrams 

Other 
diagrams Total 

VM1 1 4 2 0 3 10 
VM2 1 4 2 0 0 7 
VM3 1 1 3 14 3 22 
VM4 1 1 2 7 1 12 
Ave 1.0 2.5 2.3 5.3 1.8 12.8 
EM1 1 1 3 2 1 8 
EM2 2 1 4 0 2 9 
EM3 1 2 1 0 2 6 
EM4 1 2 7 0 1 11 
Ave 1.3 1.5 3.8 0.5 1.5 8.5 
IM1 1 7 5 0 2 15 
IM2 4 1 14 0 1 20 
IM3 2 3 4 0 3 12 
Ave 2.3 3.7 7.7 0.0 2.0 15.7 
XP1 2 0 0 0 0 2 
XP2 0 0 0 0 1 1 
XP3 1 0 0 0 1 2 
Ave 1.0 0.0 0.0 0.0 0.7 1.7 
OAve 1.4 1.9 3.4 1.6 1.5 9.8 

 
As the number of diagrams is relatively small it is easier to focus on the total. The number 

of diagrams per group ranges between 1 and 22. The group producing 22 diagrams was utilising 
the V-model, while an XP group was responsible for the single diagram (compared to other XP 
groups with 2). The average for the Incremental groups is 15.7 diagrams, the V-model 12.8, 
Evolutionary 8.5 and XP 1.7. XP teams clearly produce fewer diagrams during the design stage 
compared with the V-model and Incremental development. 

4.4 Final Product 

The product size (Table 4) was measured in terms of Java classes and the number of lines 
of code. Lines of code include lines produced in JAVA, JSP, XML and any other languages. 
 

Table 4. Performance metrics: Classes and lines of code 

Group  Java classes Java jsp XML Other Total LOC 

VM1 10 905 1105 0 46 2056 
VM2 7 648 427 12 45 1132 
VM3 8 1300 2600 40 16 3956 
VM4 9 1276 511 0 0 1787 
Ave 8.5 1032 1161 13 27 2233 
EM1 50 1665 1309 0 0 2974 
EM2 9 1710 2133 0 130 3973 
EM3 31 1254 2741 0 0 3995 
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EM4 17 1278 1429 0 17 2724 
Ave 26.8 1477 1903 0 37 3417 
IM1 42 3620 0 73 0 3693 
IM2 10 289 1100 36 0 1425 
IM3 10 1501 1666 0 42 3209 
Ave 20.7 1803 922 36 14 2776 
XP1 16 1849 2105 0 638 4592 
XP2 38 6028 1229 2379 124 9760 
XP3 29 6632 1652 583 0 8867 
Ave 27.7 4836 1662 987 254 7740 
OAve 20.4 2140 1429 223 76 3867 

 
The number of JAVA classes varies between 7 and 50. XP teams averaged 27.7 classes, 

compared with Evolutionary with 26.8, Incremental with 20.7 and V-model with 8.5.  
In terms of Java lines of code, the XP teams delivered an average of 4836 compared with 

1032-1803 LOC from the other teams. The picture is mirrored in terms of XML lines of code. 
The comparison of the total lines of codes produced a striking result as the XP model teams 
delivered significantly more lines of code than any one else. The 3.5:1 range in product size 
between XP and the V-model is remarkable, considering that all teams worked on essentially 
similar projects. The results would suggest that XP has a higher productivity rate in terms of the 
size of the delivered product. It is worth noting that the V-model teams spent a lot of time and 
effort on the requirements specification and the design activities. The V-model requires 
sequential progression so that technology is only addressed during the implementation stage. As 
a result they did not start experimenting with the technology until very late in the project. They 
were then forced to go back and modify the design thus affecting their overall time allocation.  

Quality was assessed following ISO9126 measures and focusing on the five areas of 
Functionality, Reliability, Usability, Efficiency and Maintainability. The resulting differences 
are not significant enough to discuss in this paper, save to point out that for maintainability, the 
leading average was provided by the V-model with 8.9, followed by Evolutionary with 7.9, XP 
7.7 and Incremental with 7.3. 

Each team was meant to collect defect data and classify it into 7 types of defects according 
to the Orthogonal Defect Classification (ODC) scheme33, 34. This data is known to be 
heterogeneous and inconsistent and will therefore be ignored in the main. It is useful however to 
note that the V-model dominated most categories of defects resulting in an average of at least 
double the defect rate produced by other groups. Finally, the most comprehensive solutions, 
resulting in the highest level of satisfaction from the users, were provided by the XP teams. 

5. CONCLUSIONS, OBSERVATIONS AND LIMITATIONS 

The results of this experiment provide some useful quantitative information on the relative 
merits of different development methods and on the impact they can have on different activities. 
The experiment conducted here is viewed as a first step towards providing a clearer 
understanding of the issues related to the choice of development approaches. The results can be 
sensitive to the performance of individuals within groups and to the synergy created within any 
group. Indeed, one group included a number of accomplished programmers working for the 
Iceland Telephone company and a bank. Nonetheless, the results are significant in highlighting 
trends and providing a comparison between the different approaches.  
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5.1 Time spent on project 

Figure 1 depicts the distribution of effort spent by the four categories of groups. Despite the 
fact that all projects addressed comparable problems, V-model projects took somewhat longer 
than the other projects. The other three models fell within 10% of each other. In terms of the 
significance of the results, XP only consumed a minor proportion of the effort during the 
requirements and design activities compared to the other models. It is interesting to note that XP 
teams took the lead in terms of hours spent in testing and code correction. The effort of the 
Waterfall teams dominated the requirements, design and even the programming activities. 
Integration and testing required relatively little effort from the Waterfall (and incremental) 
teams, presumably due to the level of detailed planning and additional time spent during the 
earlier activities of requirements and design, possibly also indicating earlier discovery of 
errors10, 37.  

Figure 1. Average effort distribution by activity 
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In terms of all projects, the activities of requirements and design were each responsible for 

9% of the overall time spent. In XP however, requirements accounted for 2.7% and design for 
4.4%. Overall, programming was responsible for 31% of the time, integration and testing 9%, 
reviewing 7%, repair 10% and other activities for 26% of the time. Activities not directly 
considered as part of the life cycle (‘other’) still accounted for over a quarter of the time and 
must therefore be planned for. This is roughly in line with industrial rules of thumb for 
additional (and non-technical) activities. Note however that the time spent on ‘other’ activities 
by V-model teams was on average double the time spent by the other teams.  

Excluding the non-technical activities produces an overall profile for all teams of 12% for 
requirements, 12% for design (against an expectation of 20%), 41% coding, 12% integration 
and testing, 9% review and 13.5% for repair. Indeed, one could argue that about a third of the 
technical effort was dedicated to quality activities including testing, integration, review and 
repair, which is roughly in line with the typical rule of thumb for quality activities. The early 
definition activities of requirements and design thus seem to add up to just under a quarter of 
the overall development effort. Overall, the figures are still slightly high in terms of coding 
(cf.36, 15%), and marginally low in terms of design. 

Figure 1 also reveals the familiar shape of a Rayleigh curve (with significant coding 
humps) for each of the four model types37. It is worth noting the slight drop between the 
requirements and design efforts in both the incremental and the evolutionary methods due to 
some of the preparatory work being completed upfront.  

It is also interesting to compare the relative positioning of the XP model curve as the curve 
starts at much lower point for the early activities (representing less expended effort during these 
activities) but then rises to the maximum level of effort during the coding activity thus 
representing the steepest climb rate out of the four models presented. This supports the reported 
focus of XP and other agile methods on delivering useful code and spending less upfront effort 
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through the avoidance of exhaustive analysis and documentation19, 29. It is also interesting to 
note the higher level of integration and testing effort that goes into XP. The lighter effort 
upfront, combined with the heavier loading in terms of coding, integration and testing make for 
a Rayleigh curve with a much steeper diagonal tilt.  

The results seem to confirm the notion that XP requires less effort during the initial stages, 
in particular during the requirements activity. Repair activities in XP consumed more resources 
than in the incremental and evolutionary models. In closing it is also significant to note that 
‘other’ activities were responsible for consuming significantly fewer hours in XP, than they did 
in the V-model. 

5.2 Requirements and Design outputs 

The V-model and the incremental model produced a significant amount pf pages, words 
and lines of requirements. The Evolutionary method was not far behind. XP produced less than 
a quarter of the number of pages, roughly a sixth of the number of words and between a seventh 
to an eighth of the lines of specification produced by the V-model and the Incremental model. 
In other words, XP results in significantly less pages of requirements and in less words being 
used to describe these requirements.  

XP produced significantly more screens than the other methods. In terms of Use Cases both 
the V-model and XP teams produced significantly less Use Cases than the Incremental and 
Evolutionary teams. XP produced in average less than two design diagrams compared with 
almost 16 produced by the Evolutionary and 13 by the V-model. 

5.3 Product size and productivity 

XP produced 3.5 times more lines of code than the V-type model, 2.7 times the LOC 
produced by the Incremental model, and 2.2 times more code than the Evolutionary teams. This 
significant trend is also reflected in terms of the number of LOC produced in Java and XML. 

Another way of viewing the product size is through the classification of size categories 
provided by Boehm35 and by Fairley38. Both asserted that a small product is in the range of 1-
2K LOC. While Boehm suggested that a typical intermediate/medium product is the range of 8-
32K LOC, Fairley adjusted the range to 5-50K LOC. The XP groups are the only teams to have 
produced products that would clearly qualify as medium-sized products according to both 
criteria. Significantly, these products were also viewed as the most comprehensive and the most 
satisfactory products. Given the same amount of time, XP teams were thus able to build on the 
feedback from small and frequent releases, resulting in an intermediate/medium product 
(compared to the smaller products delivered by the other teams). The ability to involve users 
coupled with regular delivery seems to have resulted in additional useful functionality and a 
greater level of acceptance and satisfaction thus making the resulting product more valuable. 

XP teams displayed 4.8 times more productivity in LOC/PM than the V-model teams, 2.8 
more than the Incremental teams and 2.3 more than the Evolutionary teams. So the difference in 
productivity is more pronounced than that observed for product size. The picture is repeated for 
the derived function of number of pages of LOC. The average productivity is 1077 LOC/PM 
with XP dominating with an average of 2262 LOC/PM. Industrial productivity is often taken to 
be in the range of 200 to 500 LOC/PM. With the exception of the V-model, all methods 
averaged above the upper range of the expected productivity level. However, XP clearly offered 
outstanding productivity. The average productivity is also computed at 5.5 classes/PM (with the 
V-model clearly trailing with 1.7 classes/PM). Kan39 reports productivity in C++ and Smalltalk 
projects in the range 2.8 to 6 classes/PM. With the exception of the V-model teams, all models 
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offered average performance at or above the top end of the productivity figure put forward by 

Kan. All V-model teams performed at or below the lower limit of Kan’s range (in fact only one 
V-model team was within the range with the other three performing clearly below it). 

5.4 The experiment 

The experiment yielded valuable results. The teams delivered working prototypes (not final 
quality products). The technology used may have played a role. The teams using Sun public 
domain server tools and Cloudscape were working with tools that were not fully mature 
products. The few teams utilised the JBoss server, MySQL and Borland tools which are more 
mature and seemed to work better.  

The need to experiment with technology proved time-consuming for some of the groups. 
This became an issue for the V-type model teams as the experimentation was delayed until after 
the requirements were fully understood and specified and the design was stable. The impact of 
exploring the technology meant that these teams were forced to re-assess some of their design 
solutions in line with their emerging understanding the technical environment. Indeed, this 
touches on the relationship (and intertwining) between design and implementation environment 
and the need to integrate the two40. The discussion of a problem is often enhanced by the 
consideration of design and implementation concerns. The constraints imposed on a solution by 
later stages need to be acknowledged and addressed to reduce the conflicts that will need to be 
resolved at a later stage. Methods that create functional barriers and that do not allow a 
relationship, albeit rudimentary to the notion of the solution may thus play a part in delaying 
essential interactions thereby arresting progress and requiring subsequent rework cycles to 
rectify the effects of the separation. 

5.5 Limitations 

The experiment involved 15 teams working on comparable projects utilising four different 
models. As a result the sample size for each model is three to four groups (in line with other 
known experiments in this area using two, three or four groups in each category24, 25). Despite 
the limited number of data points the experiment offers a quantitative investigation of the extent 
to which the development approach affects the outcome of a project and an experimental 
comparison of the different software development life cycles and methods. The empirical 
findings are therefore viewed as a systematic interpretation offered as part of a more 
comprehensive study, rather than as conclusive answers. 

Employing students as developers offers many benefits to all parties. Most significantly, it 
enables students to interact with real development tasks, to gain experience in teamwork and to 
work on non-trivial problems from beginning to end thus embracing the entire life cycle. From 
the point of view of the experiment, it enables direct experimentation in the development of 
similar or comparable products through the use of alternative methods and approaches. 
However, this also implies that the experiment was conducted in educational settings, rather 
than an industrial environment. Consequently, certain aspects of the environment which are 
normally associated with XP practices, such as sustainable pace, on-site customer, continuous 
communication and open workspace may have been slightly compromised. On the other hand 
the definition of the work and its relevant context meant that participants were stakeholders 
themselves. It is impossible to surmise whether the XP results would have been even more 
pronounced under the full conditions recommended as best practice for XP development.  
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5.6 Concluding comments 

Selecting the most suitable method is contingent on the context and participants. The direct 
comparison between the four approaches offers an interesting way of quantifying the relative 
impacts of the various approaches on the product. Whilst incremental and evolutionary 
approaches have been offered as improvements to sequential approaches, the added comparison 
with XP is instructive. XP is currently offered as a lightweight alternative to the sequential 
notion. The direct comparison between the four approaches therefore provides a quantitative 
basis for beginning to consider the impact of the different approaches thus bridging the gap 
between the descriptions of the different life cycles and the need to make an educated choice 
based on the likely impact of the approach. The comparison yields interesting results and 
comparative measures (e.g. V-model teams and XP teams produced significantly less Use Cases 
than incremental or Evolutionary teams). 

In the experiment XP teams produced solutions that encompassed additional functionality. 
Indeed, in terms of significant results, their products can be characterised as consisting of the 
largest number of screens and the most lines of code. In terms of the process, they can be said to 
have spent the least time on requirements and consequently to have produced the least number 
of pages of requirements. They also generated significantly less diagrams. Early work on how 
programmers spend their time seemed to indicate that a very small proportion of time (13-15%) 
is spent on programming tasks38. Methodologies like XP attempt to overcome that by 
optimizing the time available for programming (i.e. minimal documentation) resulting in 
enhanced output (more code and more screens) that is delivered more rapidly. 

Experience: The student experience was evaluated by way of a survey conducted at the 
end of the final semester that looked at the results. Most students working in Incremental, 
Evolutionary and XP teams were content with their model. Intriguingly, ALL students in groups 
utilizing the V-model indicated a strong preference towards using a different model to the one 
they were allocated and were therefore less satisfied with the process. 

5.7 Future Work 

It is intended to continue with the experiments and the group projects. The lessons learned 
from the first year of the experiment will result in a number of small changes: 

 
 Following the strong preference against the use of a sequential model the groups will be 

allowed to choose their development model. It will be interesting to see how many of the 
teams will select some form of agile methods.  

 The suite of tools selected will be based on mature and more unified technology. Groups 
will be instructed to use Eclipse platform-based Java and J2EE with integrated use of Ant, 
CVS, JUnit, and MySQL based on the JBoss server. An OO metrics plug-in for Eclipse 
will also be utilised. 

 To ensure that all teams deliver useful products there will be firm dates for delivering 
partial increments (two in the first semester, three in the second) 

 
It is clear that the large number of variables makes a simple decision about the ‘ideal 

method’ and the appropriate set of tools difficult, if not impossible. The different metrics reveal 
that each method has relative strengths and advantages that can be harnessed in specific 
situations. Experiments such as this make a significant contribution to understanding the 
relative merits and their complex relationships. As the experiment is improved, and hopefully 
repeated elsewhere, a clearer picture of the issues, merits and disadvantages is likely to emerge 
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and a deeper understanding of the role and application of each life cycle method will 

hopefully ensue. 
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