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Abstract. Change management during software development remains a 
difficult process. Whilst there methods which claim to manage and predict 
changes they often have poor performance or are empirically untested. We 
propose a metric which is easy to collect when Extreme X-Machines are used in 
the design process. Furthermore we present limited empirical evidence in the 
form of an explorative observational cross-sectional study. It showed that the 
frequency of these changes overtime follows a Norden/Rayleigh curve that was 
derived from recording the changes functionality proposed at client meetings. 
We hope that future research will show that tools developed by others to predict 
this curve for man power will also work in this special case. 
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1   Introduction 

The management of the introduction of changes to a software development project is 
one of the factors in the success of a project. There is however a lack of theory in this 
area [1], therefore there is little firm advice on how to proceed. In this paper we 
explore a change classification metric that could allow further research into the 
prediction of changes as made to software development projects. 

To investigate the way in which changes are made to software development 
projects we collected various data from a student development project at the 
University of Sheffield, known as the Software Hut over a three year period. In each 
case a client from an external company provided the real problem to be solved and 
met the teams on a weekly basis. The best of the four solutions was later used by the 
client as part of his business. The development project ran over an eleven week period 
during the spring semester, thus giving us change data over 10 weeks. 

When we analyzed the data collected we found that the frequency of changes 
proposed in client meetings over time followed the Norden/Rayleigh curve [2,3] a 
well known distribution [4]. The Norden/Rayleigh curve is normally used to describe 
the effort used during a project, so we expected the pattern to appear across the 
measurements of change that we made. However this pattern was not found in 
measurements taken of the lines of code that changed each week, suggesting that the 



reported changes were made at the design level. We therefore looked to the design of 
the system to verify this. 

In this paper we explore the design changes as made to software projects by the use 
of a lightweight formal model known as Extreme X-Machines (XXM) [5,6], which 
are based on the work of Eilenberg and Holcombe [7,8]. The students were provided 
with a tool that captured their models [6], which were then analysed for change. As a 
formal model, XXM allow changes to be described as transformations; these either 
take the form of refactorings [9] or functional changes. These represent a measure of 
design change and were made for teams using Extreme Programming (XP) [10] an 
agile development process. Previous work in this area predicted that there should 
large spikes of changes towards the end of the first and third quarters of the 
development [11]. 

An XXM model describes the functionality of the software without defining 
exactly how this functionality is achieved. This perspective allows an analysis of 
functional change whilst excluding specific implementation or requirements issues. In 
this paper we propose a metric that can be used to measure changes in an XXM 
model. The scheme is based on a set of proposed operations that were validated 
through observation, although several theoretical changes were not observed.  

To show that the metric was correlated to the changes recorded from the meetings 
a statistical analysis is used. To show this we used a prediction [4] and applied three 
tests of statistical correlation. These showed that the frequency of functional change 
as measured by the XXM metric was correlated to the frequency of functionality 
changes recorded in meetings between the developers and clients. 

2   Literature Review 

Handling the changes requested remains one of the major challenges facing the 
software engineering community [12,13]. Indeed the changes made to requirements 
pose a difficult and costly problem [14]. It has been observed that if changes can be 
anticipated and catered for, then the value of software can be increased [15]. But 
“there is a lack of theory and practice in the area of requirements change” [1]. In 
particular, tools and techniques can be built to monitor and trace changes so that 
developers can be notified of important changes related to their code [16,17], but 
these tools are limited both by lack of data [18], and also conversely when there is too 
much data [17].  

Simple code based predictions can be flawed as for instance object orientated code 
at first appears particularly prone to changes [19,20] but a ‘single line change’ only 
has a 4% probability of introducing further errors [21]. Indeed simple measurements 
on the code may record additions, deletions and changes, but provide little further 
information that allows reasoning about the changes [22]. 

To investigate and predict changes we may therefore need more complex 
measurements. Changes can be measured by size, complexity and developer expertise 
[23], and the size of a change can be measured in terms of a delta or churn [24].  

One proposed alternative measurement of change uses object orientated code [11]. 
The system design instability metric gives a measurement of change at the class level. 



It is calculated by combining the measurement of the number of classes: renamed; 
added; removed; and moved in the hierarchy. However, it is hard to see how this 
measurement can be applied to non-object orientated code. We can treat these more 
generally as a form of refactoring where additional functionality is also added [25], 
Refactoring is a process that allows change to be engineered efficiently [9]; this is 
achieved by moving code around the structure of the software, in order to create a 
better design based on design patterns [26].  

Other approaches have proposed building architectural models of the software and 
performing change analysis on the models. One solution describes the software 
architecture using a formal logic; transitions are then defined in order to describe the 
differences between versions of the software [27]. A similar approach uses a graph to 
describe the software based on the object orientated structure; conditional rewriting 
rules are then used to describe the changes [28]. A final approach associates change 
management information with architectural concepts, this captured information [29]. 
However, none of these approaches have been applied to real projects. 

In this paper we show how these approaches can be combined by using a light 
weight formal model known as the Extreme X-Machine (XXM) [5,6]. XXM are a 
state based model, they are intended to be used by developers as a method to design 
their systems at the top level, but you can also express hierarchical structures and 
lower level detail [5]. Each model typically consists of a set of states which 
correspond to screens in the final system and functions which link the screens 
together. The functions are typically labeled with an enabling action such as 
“click_ok” which corresponds to a user clicking the OK button. The metric we 
propose describes changes to these models, thus encompassing a formal model and a 
design metric. 

Lastly previous research showed that the frequency of changes as discussed in the 
project meetings tends to follow the Norden/Rayleigh curve over time [4]. The 
Norden/Rayleigh curve has been previously used to represent and predict the amount 
of effort required during development [2,3,30], as used in COCOMO [31]. This 
model is not without its critics as no theory has been developed to explain why the 
Rayleigh curve fitted the observed data [32]; moreover,  project stress was more 
closely correlated with staff loading [32,33] than elapsed time [32]. Later work used 
the Gamma distribution [35] as a more general solution [36]. A similar Rayleigh 
model has also been found useful in modeling the number of defects introduced and 
fixed during development [37]. 

3   Experimental Design 

The Software Hut module is typically taken in the second year by students on the 
Computer Science and Software Engineering undergraduate degree programs [38,39]. 
An important characteristic about this project is that external business clients specify 
a business problem and the student teams analyze the issues and develop working 
solutions which are delivered to the client, who chooses the best and uses it in their 
business. The data used relates to all of the teams in the module in one year. The 
teams were self-selected and contained four or six members (six teams of each), the 



choice of projects was based on the client who responded to local adverts. In all cases 
the students delivered a working system to the client, who selected the best version, 
that team then received a small prize. The students choose which client they wished to 
work for by ranking the clients in order of preference. The projects progressed 
through a full software lifecycle, using the Extreme Programming method [10], over a 
period of eleven weeks. The teams met a lecturer each week for a management 
meeting; likewise, they met their client in each of the first five weeks and then again 
from the ninth week onwards to deliver the software. The four teams each worked 
with one of three clients on the same problem. The problems were: the development 
of a comprehensive web site for a real estate company specializing in overseas 
properties; a database to support an occupational health unit; and a web based 
recruitment agency database. 

The collection and analysis of data from student projects is well established in the 
literature where 87% of experiments are conducted with student subjects [40], where 
it has been noted that the students are an acceptable sample of the population of 
novice developers [40]. The students taking this project are competent developers but 
do not yet have the level of knowledge that would be expected from an industrial 
team [41]. The Software Hut is the students’ second large-team based software 
development project, the first being more constrained and based around ‘toy’ 
problems. Prior to the experiment all the students had studied and passed modules in 
the following subjects: Introduction to Programming, Object Oriented Programming, 
Systems Design and Testing, Requirements Engineering, Functional Programming, 
Systems Analysis and Design and Database Technology. 

This method has good internal validity as all the participants had similar 
experience and training and the teams all had to deliver similar deliverables to the 
same deadlines. However differences between the projects and client may have had an 
impact as different programming languages were used (MS Access, PHP, C#, Java, 
and JavaScript) and of course the projects differed. However this variability points 
towards the enhanced generalizeability of the results. 

4   Proposed Metric 

XXM is a state based model and changes can be described as mutations to this model 
(table 1). The memory and function specifications were ignored as these were not 
used by the students.  

Only one year’s worth of data was available (Software Hut 2004-5) to assess the 
model. To make use of the data single instances of changes were identified as 
examples (see appendix) to confirm the validity of the proposed scheme.  For the 
detailed analysis that follows the occurrences of each kind of change in each project 
week were counted (figures 1 and 2).  

No evidence was found of either reordering or redirecting (see appendix). This is 
not an immediate concern due to the small sample size. The counts of these actions 
show that there was a ratio of 3:2 functional to refactoring change (figure 1). Figure 1 
also shows that the functional changes have a clearer trend, although for both classes 
of data the final weeks seem to contain no trends. The detailed data shown in figure 2 



does not make the final weeks any clearer, but it does show that in the initial weeks 
there are two dominating components: insert and additional exit.  

Table 1. Changes that relate to X-Machines. 

 Operation Description 
Relabelled Either a function name or a state can be relabelled. 
Pull up A state (or group of) is inserted on a function. 
Push down A state (or group of) is removed from the diagram and 

replaced with a single function. 
Automate A previous user choice is automated. 
Make specific States or diagrams are split into a more specific format. 
Make generic States or diagrams joined into a more generic format 
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Choice A previously automated choice is given to the user. 
Reorder States moved around and entered in a different order. 
Insert An extra state added. 
Remove A state or function is removed. 
Additional exit A state can have another function originate from it. 
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Redirect A function can point at a new target or source state. 
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Fig. 1. Comparing functional and refactoring change. 

These measurements broadly follow the observations made by Alshayeb and Li as 
there are periods of high change at the ends of the first and third quarters (weeks 2-3 
and 8-9 in figures 1 and 2) [11], however more changes seem to have occurred in 
week 9, later than the previous observations predict. As this measurement was made 
on the XXMs, as opposed to the code based measures used by Alshayeb, it could be 
that the students updated the code first. 
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Fig. 2. Functional and refactoring changes as measured by changes to the developer’s XXM. 

5   Experimental Method 

This experiment assessed if the changes recorded in the students XXM models by the 
metric above followed a similar Norden/Rayleigh curve to the one observed in the 
change reports. To do this the frequency of each change operation was counted across 
all the teams (12) and a total was calculated for each week, in total 45 changes were 
found (26 functional and 19 refactoring). As there was only a small amount of data it 
was combined into three data sets: functional; refactoring; and combined changes 
(table 2). To estimate the Norden/Rayleigh curve the gamma probability density 
function was used (GPDF), with the parameters taken from other experiments which 
estimated the level of functional change [4].  

Table 2. The number changes made to Extreme X-Machines in each week. 

 Functional  Refactoring Total 
Week 1     6 0 6 
Week 2    8 4 12 
Week 3    3 0 3 
Week 4    2 0 2 
Week 5    0 0 0 
Week 6    0 0 0 
Week 7    3 2 5 
Week 8    0 1 1 
Week 9    4 12 16 
Week 10   0 0 0 

 
The GPDF [35] is derived from the gamma function. It is a continuous probability 

distribution that is characterised by a shape and scale parameter. The function is 
defined between two points on the x-axis and can be non-symmetrical. The shape of 
curve given by the GPDF can be interpreted in the same way as the Rayleigh 
distribution as used by Norden and Putnam and has been shown to have some 



advantages [36]. To estimate known deviations from the curve two further factors 
were considered: the week after the Easter vacation and the weeks on which deadlines 
occurred. The final formula for the estimation is shown as (3) where:  a - is the scale 
factor (3.1); b - is the shape factor (0.7); c - is a factor to represent the amount of 
change (72); p1, q1 - a factor to indicate a week following a vacation (q=-2.9); p2, q2 – 
a factor to indicate a week with a deadline (q=7.5); x - the project week for which we 
are making the estimate; y - the amount of change. 
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y = g(x,a,b) × (c + (c × p1 × q1)  + (c × p2 × q2)) . (3) 

 
The Pearson’s, Spearman’s Rho and Kendall’s Tau(b) correlation tests were used 

to assess the statistical significance of the relationship between the predicted curve 
and that measured by the XXM [5,6]. The Pearson correlation test is parametric and 
therefore required the data to conform to the normal distribution, and this was 
checked by a one sample Kolmogorov-Smirnov test as summarised in table 3 [42]. In 
all cases the data was found to conform to the normal distribution (P>0.05). All 
statistics were calculated using SPSS 13. 

Table 3. A One-Sample Kolmogorov-Smirnov test of the data shows all the data sets are 
normal. 

 Functional  
changes 

Refactorings Combined  
XXM changes 

XXM  
Predicted 

Normal Parameters Mean .087 .083 .085 .10 
  Std. Deviation .093 .16 .10 .17 
Kolmogorov-Smirnov Z .70 .97 .66 1.0 
Asymp. Sig. (2-tailed) (P) .7 .30 .78 .26 

6   Analysis 

The correlation between each of the three XXM data sets and the model (3) was found 
to be significant using Spearman’s Rho test (Table 4). Kendall’s Tau(b) test was not 
significant for the refactorings data set and the Pearson test only found the functional 
changes to be significant. This implies that the refactoring changes are less related to 
the estimation and that only the XXM functional changes are linearly related to the 
prediction. Spearman’s Rho test also shows a highly significant correlation for the 



combined data set suggesting that some elements of the refactorings are important for 
describing functional change.  

Table 4. Comparison of the gamma distribution prediction to the observed data. 

 Functional  
changes 

Refactorings Combined  
XXM changes 

Correlation Coefficient .74(1) .31 .59 Pearson 
Sig. (2-tailed) P .013 .39 .071 
Correlation Coefficient .63(1) .49 .64(1) Kendall's tau_b 

  Sig. (2-tailed) P .015 .067 .011 
Correlation Coefficient .74(1) .66(1) .77(2) Spearman's rho 

  Sig. (2-tailed) P .014 .04 .010 
 
The scatter plot (figure 3) shows that although the variance between the measures is 
high the linearly related functional changes follow the predicted trend. The bar graph 
(figure 4) also shows that the predicted changes for weeks 2 and 7 are higher than 
observed, whereas they are lower than observed in weeks 1 and 9. In these weeks the 
functional changes are more closely related to the predictions but there is still a large 
discrepancy in week 2 which is unexplained.  
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Fig. 3. Scatter plot showing the observed data against the prediction. 

As the predictions are based on the student’s reports of changes and the measurements 
on actual changes this suggests that the changes reported in week 7 where not 
implemented in the XXM until week 9. Therefore the design changes if made directly 
to the code may have more closely followed Alshayeb and Li’s observations [11]. 
There is also a negative prediction in week 6, which suggests that the model requires 
further tuning before use. 

                                                           
1 Correlation is significant at the 0.05 level (2-tailed). 
2 Correlation is significant at the 0.01 level (2-tailed). 
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Fig. 4. Bar graph plot showing the observed data against the prediction. 

7   Conclusions 

Firstly this paper proposed a design change metric based on an analysis of an XXM 
model. Secondly the Pearson, Spearman’s Rho and Kendall’s Tau(b) correlation 
statistics were used to compare the frequency of changes made to some XXM model 
to a prediction defined by the changes by the developers and client at their meetings, 
as devised in previous work [4]. The correlation between the model and the changes 
from the XXM was found when just the functional changes were considered 
independently. The refactoring changes were not significantly correlated although this 
may have been because they were few in number and skewed towards the end of the 
project.  

The data was also found to exhibit periods of high change in our prediction at 
similar times to those observed by Alshayeb and Li [11]. This suggests that their 
observation is valid for teams using XP and modelling their design using XXM 
models. However it was also observed that the changes to the XXM models appeared 
to lag behind the changes as reported by the students, perhaps indicating that the 
XXM models were used as documentation as opposed to a planning technique. 

The predictive model did not give a perfect match to the observed data but showed 
some noticeable differences, including a negative prediction. These flaws may 
indicate that this result is not practically significant. Future research should collect 
further data to explore the relationship between reported change and observed change 
in the XXM models.  

Reflection on the nature of the XXM model suggests why analysis of its changes 
should correlate with the changes as reported by the students. The XXM model has 
the advantage of giving a high level of abstraction to the change that is closer to ideas 
behind the changes than the implementation. As a high level model the XXMs 
produced by the students were few in number but were constructed quickly. As the 
diagrams were constructed quickly no changes due to progressive implementation 
were picked up. These factors combined led to a small number of changes being 
made, which better reflected those reported by the students. 



The external validity of this explorative research is relatively low as we only 
studied one cohort of students, in one university. This limits the generality of the 
results, which must be verified in further more formal and larger experiments, both at 
Sheffield and other institutions and companies.  

Future work should encourage developers to systematically update diagrams of this 
nature, or derive them from the project code, so that sufficient data from individual 
teams can be collected. Such work would allow for refinements in the model at the 
team level, and perhaps to redistribute or confirm the high number of changes in the 
final week. The previous work conducted on using the Norden/Rayleigh curve as a 
predictor for effort should be investigated to see if it can be reapplied in this context 
[31, 36]. If it can be then it is likely to be a useful tool to predict and manage 
functionality change in a development project when combined with XXMs. 
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Appendix Examples of Changes Made to Extreme X-Machines 
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A state has been relabelled. 
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The “validate input state” has an additional function leaving it “!valid”. 
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Two functions have been split and a state inserted. This also exposed additional functionality, 
where new functions link to a new state to the right. 

 

 
Top level model (above) 

 
Lower level model (above) 
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The model has been split, with some of the functionality removed from the top level model, and 
inserted into a new lower level model. 



Ins
er

t 

   A new state has been inserted called “search”. 

 

 

Re
mo

ve
 

The state “end” has been removed. However the model is now not properly formed. 

 

 

Au
tom

ate
 

A user choice (for the client/consultant page) is automated so just a single one is shown. 
 
 



 
 

Ch
oic

e 

An automated choice is removed. In this case there was only one exit from the automated state 
“search properties” so these two diagrams are functionally identical. 

Ma
ke

 sp
ec

ific
 

 
 

 

 

The original single diagram that was generic has been broken down into two more specific 
versions. 

 
 

Ma
ke

 ge
ne

ric
 

Two specific states (“ConsultantLogin” and “ClientLogin”) have been combined into a single 
generic state (“SuccessLogin”). 

 
 

 


