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Abstract: Process improvement experts often preach that processes improvement only makes sense if it 

makes sense to the business. Most process improvement models emphasise the need for processes to be aligned 

with the business. But how can a practitioner measure conformance between processes and their business 

objectives? 

Another aspect that most process improvement models emphasise is the need to perform an objective 

evaluation of the organization’s processes in order to provide objective insight on how the process is being 

followed by practitioners. In this paper, we propose to use the results of process audits to measure how process 

conformance relates to business needs. We argue that if process and business needs are aligned, then those 

projects which most closely follow the organization’s process should incur fewer defects. 

This paper presents an observational study at a software factory and develops a graphical measure of business 

alignment based on process non-conformances. 

Keywords: Process audit, product and process quality assurance, business alignment, capability maturity 

model, statistical process control 
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1 INTRODUCTION 

Process improvement models are grounded in the premise that the quality of the product is highly 

dependent on the quality of the process(es) which used to produce it [1]. This affirmation has justified the 

investment in process improvement initiatives. In  past years, practitioners have seen the development of several 

process improvement models (such as ISO 9000 [2] or CMMI [3]). These process improvement models provide 

guidelines and requirements for the organization’s process to comply with. It is usually the case that practitioners 

are faced with the problem of finding a process that conforms to the model while maintaining business 

alignment. Deming is often quoted as having said that process improvement only makes sense when it makes 

business sense [1]. But, how can practitioners make sure that their processes make sense in the business sense? 

If we accept that process quality drives product quality, it can be accepted that process improvement 

should help organizations to reduce defects; ideally a perfectly aligned process should generate zero defects. In 

this paper, we conduct a correlation study between process non-conformances and project defects in order to 

provide a measure of the alignment of the organization’s processes to the business. Our goal is to verify our 

hypothesis that if business needs and processes are aligned, then non-conformances and project defects should be 

positively correlated. 

This paper is organized as follows: 

Section 2 provides an overview of how other authors have addressed the problem of measuring process 

conformance to business needs. 

Section 3 describes our experiment and presents our results. 

Section 4 provides a discussion of the threads to the validity of the results. 

Section 5 presents the conclusion and summary of our findings. 

2 RESEARCH BACKGROUND 

According to the ISO 9000 standard, conformance is understood as deviations from the quality plan (clause 

4.17)[2]. But, process conformance is not explicitly addressed, apart from mentioning the importance of the 

correct execution of the defined processes and approved operational standards. ISO 19011, which is a guideline 

for performing audits on a quality management system, defines a non-conformance as “the non-fulfilment of a 

specified requirement”[4]. Although the CMMI[3] model does not explicitly define the term non-conformance, it 

does mention that process non-conformances are the typical output of an objective audit into the organization’s 

processes. 

Although neither ISO 9000 nor CMMI provide a definition for business alignment, they both contain the 

requirement that a process should be aligned to the business needs (introduction of the standard in ISO 9000[2], 

and Specific Practice 1.1 of the Organizational Process Focus process area[3]). 

In this work, we will define “business alignment” as the degree to which the organization’s processes support 

the business needs. We understand “process conformance” to mean the agreement between how the process 

should be carried out and how it is actually carried out. 
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2.1 Measuring process conformance 

If the organization is working with a process improvement model, one way to measure how the processes are 

conformant with the reference model is by asking for an external evaluation. In the CMMI world, only a 

SCAMPI [5] Class A appraisal can give a maturity or capability rating, whereas in the ISO 9000 world [6], only 

an approved auditor can perform valid ISO 9001 audits [7]. Even though this approach might make sense to the 

business, it might not be feasible from a research perspective. It has been argued that maturity evaluation using 

the SCAMPI method can be too costly for organisations, especially for small and medium organisations [8]. 

Therefore, for research purposes, waiting for formal evaluations could be impractical, because it might take too 

long to gather sufficient data [9]. As a result, researchers have turned to other ways to measure the maturity level 

of an organisation or an organisational unit without requiring a formal appraisal. 

Questionnaires are the most frequently used mechanism for obtaining such measures. The researcher designs 

the questionnaires in order to identify CMMI-specific practices in the answers. This approach has been used by 

various authors [10-13]. The results of Kirshnan and Kellner [11] show that projects following the specific goals 

within the CMMI model tend to have lower defect rates. This result was also obtained by Herbsleb et. al. [12], 

who show that Intel uses these kinds of questionnaires in order to show the benefits of process improvement on 

maturity level. This is also the technique used by the Software Engineering Institute, the CMMI steward, in order 

to establish its maturity level in its annual measurement report [13]. 

Measurements of process conformance are usually used to calculate the ROI of the software process 

improvement initiatives in organisations. Researchers following this approach expect to see defects decrease as 

maturity increases [14-16]. For instance, King and Diaz [16] found that the defect rate decreased, productivity 

increased, and rework decreased as the project became more mature. 

The problem with this type of measurement is that it is subject to respondent bias;  it has been reported that 

many respondents fail to identify to which area of the model a certain question makes reference [10, 11]. 

Our goal is to measure not only the process conformance to a model, but also the contribution of the 

organization’s processes to its business goals. Hence, we will use data from the internal process and product 

quality assurance team as the basis for establishing a relationship between defect occurrence and process 

conformance, as we have previously defined it. 

2.2 Statistical process control 

Statistical control of a process is an economical way of managing and controlling the process output. Since 

the quality of a product is highly influenced by the quality of the process used to manufacture it [1, 17], it is 

reasonable to control the process in order to control the quality of the product. Several statistical tools are 

available for statistical process control; process control charts are probably the most commonly used technique. 

2.2.1 Process control charts 

Process control charts are used to identify the different types of variation in a process. All processes exhibit 

variation, but whereas some of the variation can be expected from the construction of the process (called natural 

cause of variation), other variations can be assigned to special causes of variation [18]. Special causes of 

variation can be analysed and root causes identified; thus, process improvement can be put in place to prevent 

them from happening again. 
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Run charts are a type of process control charts. In a run chart, the outputs of the process are graphed in 

sequential order. Control is visually inspected by identifying which points fall outside the expected range. The 

key to constructing run charts is establishing the upper and lower control limits that distinguish special causes of 

variation from natural causes of variation. Shewhart’s [19] approach was to establish control limits at three 

standard deviations from the mean. Wheeler’s [18] approach involves plotting the process output and the 

process-by-process variation.  

 

Month 

Process 

Output 

Moving 

Range 

Jan 19 0 

Feb 27 8 

Mar 20 7 

Apr 16 4 

May 18 2 

Jun 25 7 

Jul 22 3 

Aug 24 2 

Sep 17 7 

Oct 25 8 

Nov 15 10 

Dec 17 2 

Table 1: Sample Process 
Output Values 
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Figure 1: Individual Process Output Control Chart 
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Figure 2: Moving Ranges Control Chart 

 

Figure 1 shows the run chart for a sample process output. The process control lines are calculated as follows 

[18]: 

 The central line is computed as the average of the process values. 

 The upper control limit (UCL) is calculated as: 

 2.66*UpperControlLimit X mR   

 The lower control limit (LCL) is calculated as: 

 2.66*LowerControlLimit X mR   

Note that if the UCL had been set at three standard deviations from the average (resulting in a multiplier of ± 

4.01), there would have been no significant modification in the run chart. All values would have remained within 

the control limits. 

In the previous equations, mR  stands for the average of the moving range. The main contribution of 

Wheeler’s approach is the inclusion of the moving ranges run chart, which signals an uncontrolled modification 
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in any two consecutive executions of the process. In Table 1, the moving range column is calculated as the 

difference in the absolute value of the last two outputs of the process. The upper range limit is calculated as: 

 3.27*UpperRangeLimit mR  

With Wheeler’s approach, a process is defined as being under control when all points of both graphs fall 

between the control limits. A practitioner using only the run chart must learn a number of heuristics [17] in order 

to identify special causes of variation that can be visually identified by the moving range run chart. 

In reference to process conformance, when the control limits of the process coincide with the specification 

limits of the product, run charts have the ability to distinguish conforming to non-conforming products[20]. The 

approach of this paper is based on an appreciation of this unique parameter of run charts. We will study process 

conformance by establishing control limits for the organization’s processes. Next, we will make the assumption 

that reducing the number of defects is the organization’s business goal, and we will evaluate whether their 

processes contribute to this goal. 

3 DESCRIPTION OF THE EXPERIENCE 

We will first analyse the case study from the point of view of its construction. According to experimental 

design types, the case study presented was constructed as an observational study[21]. 

The results presented in this paper were obtained from our experience while working with a software factory 

located in Montevideo, Uruguay. This software factory has been operating since the year 2000, and in April 

2007 it was rated at CMMI maturity level 3. This gave a fair degree of confidence that the environment would be 

stable enough to conduct the study. Nevertheless, as the data presented in this section will show, this supposition 

did not stand. 

The objective of the experiment was to observe the software factory so as to try to find a relationship between 

the results of the PPQA (process and product quality assurance) audit team and the organization’s productivity. 

Our working hypotheses were: 

  If processes are aligned to business objectives, then they should help the software factory’s developers in 

producing software with fewer defects. If this is true, then we expect that processes non-conformances 

and project defects are positively correlated. 

 For the purposes of this research, we made the assumption that reducing defects is one of the software 

factory’s business needs. 

3.1 Description of the software factory under study 

The organization in which the study takes place is located in Montevideo Uruguay. It was appraised at CMMI 

maturity level 3 in 2007. Its software projects involve custom developments for clients in the Latin American 

region. 

The organization employs an internal group which performs process and product audits on its projects. 

Resources assigned to this group are not involved in the organization’s software development activities. When 

audits are performed, the findings are registered as non-conformances. Registered non-conformances are 

classified according to the following criteria: 
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 Product non-conformances: Non-conformances found on process(es) which the organization has mapped 

to an engineering process area of the CMMI framework. 

 Project non-conformance: Non-conformances found on process(es) which the organization has mapped 

to an engineering process area of the CMMI framework. 

At the time of the experiment, PPQA data were consumed mainly by higher management, and there was no 

indication of process conformance actually contributing to lower defect rates. 

Defects are identified as the result of testing activities performed by an independent testing group within the 

software development organization. This group provides functional testing services to the development projects 

of the organization. Defects in this organization are classified by priority and a 16-type category designation. 

Priority classification is determined by the urgency for which a fix must be provided by the development team: 

 Other: Defects that should be fixed before the final release of the product 

 Non-critical: Defects that effect promised functionality in delivery, but for which a reasonable 

workaround can be found by the user 

 Critical: Defects that effect promised functionality in delivery with no reasonable workaround found by 

the user 

 Showstopper: Defects that freeze the application or leave the system in an unstable state 

The 16-type category was developed to support causal analysis of the organization’s defects [22]. To hide 

sensitive data, the organization’s classification was mapped to IBM’s Orthogonal Defect Classification system 

[23], which is composed of the following four categories: 

 Communication: The developer did not receive required information or the information was incorrect. 

 Education:  The developer did not understand some aspect of the product or the process.  

 Oversight:  The developer failed to consider all cases and conditions. Usually, some detail of the 

problem or process was overlooked. The developer forgot something, had difficulty checking 

thoroughly, or did not have enough time to be thorough. 

 Transcription: The developer knew what to do and understood the work package in depth, but simply 

made a mistake. Transcription errors are typically caused by some problem in a procedure, for example, 

typing or copying a list of items. 

We argue that communication and oversight defects can be prevented by process improvement initiatives, 

while education defects can be more cost-effectively treated with training interventions [22]. Hence, when 

analyzing the data for this experience, we will group these two concepts together. 

Finally, it must be noted that the statistical techniques applied in this paper are not being used by the software 

factory managers, but were produced by the researchers for the purposes of our studies. 

3.2 Evaluation of the experiment 

At the beginning of section 3, we mentioned that we began our experiment with the assumption that the 

organization provided a stable environment in which we could carry out the study. Nevertheless, the organization 

underwent structural changes which affected the types and sizes of its development projects. Table 2 shows the 

data obtained during our experience with the software factory; the “Effort” column shows how the effort for the 

projects decreased in 2008. Effort is presented in “Normalized Developer Hours (Ndh)” in order to hide sensitive 

data. One Ndh unit is equal to one programmer hour. 
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Project Effort (Ndh) Defects 

Reported 

Non-conformances 

2007_Project1 4744 86 21 

2007_Project2 9135 125 22 

2007_Project3 21179 431 23 

2007_Project4 13983 174 24 

2007_Project5 4316 54 16 

2008_Project1 4491 56 No data available 

2008_Project2 5750 121 5 

2008_Project3 922 58 33 

Table 2 Quantitative profile of the projects 

 

In order to assert that a change in the software factory had occurred, we will evaluate how control limits of the 

non-conformances incurred by the projects behaved in the period under study. Figure 3 and Figure 4 present the 

non-conformances in a process control chart, whose control limits were calculated with the 2007 non-

conformance level as a baseline. The process run chart and the moving range chart both show how the projects 

from 2008 can not be considered “in control” with regards to the historical data. This is a clear indication that 

something had changed in the software factory. 
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Figure 3: Run Chart, Total Non-conformances by 
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Figure 4: Moving Range Chart, Total Non-
conformances by Project 

 

These results indicate that any evaluation of the obtained measurements during the experience must separate 

the 2007 projects from those done in 2008,  with the disadvantage being that the 2008 sample does not have 

sufficient data points for a correlation study. 

The variables under study are defects and product non-conformance. We studied how non-conformances 

correlate under the following scenarios: 

UCL 

Max 
LCL 
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 Product non-conformances: To evaluate whether non-conformances assigned to CMMI engineering 

framework process areas could be used as a predictor for product defects. 

 Project non-conformances: To evaluate whether non-conformances assigned to CMMI project 

management framework process areas could be used as a predictor for project defects. 

 Total non-conformances: To evaluate whether the total non-conformances in a project could be used as a 

predictor for project defects. 

 Non-conformances normalised by development time: To evaluate whether the development time 

significantly affected the project non-conformances and should be taken into account before the non-

conformances could be used as a predictor of defects. 

 Non-conformances with communication and oversight defects: To evaluate whether non-conformances 

could be used as indicator defects whose causes could be assigned to process issues. 

 Non-conformances by defect priority: To evaluate whether non-conformances could be used as 

predictors of any of the various types of defect severity used in the organization. 

Table 3 presents the full data set that was used for this study.  

Project 
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P
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2
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P
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D
efects b

y Typ
e

 

# 

Communication 

32 24 111 62 39 

# Education 47 71 191 107 144 

# Oversight 7 23 77 3 22 

# Transcript 0 7 52 2 11 

D
efects 

b
y 

Severity 

# Showstopper 55 45 109 55 17 

# Critic 20 73 119 114 53 

# Non Critic 11  170  81 

# Other   79  65 

N
o

n
 

co
n

fo
r

m
an

ce

s # Product 5 11 7 15 9 

# Process 16 11 16 9 7 

Table 3:  Defects by category for 2007 projects 

 

From the data sets contained in Table 2 and Table 3, it can be noted that the number of defects registered is 

positively and strongly correlated to project effort (r
2
 = 0.615). Since this software factory allocates testing effort 

as a percentage of overall project effort, we decided to adjust for this factor by correlating against the percentage 

of defect variables. The results of the correlation study is presented in Table 4 as a correlation matrix [20] with 

the 28 possible correlations. The pairs with a significant correlation coefficient (r
2 
> 0.5) have been highlighted. 
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Total non-conformances 1 0.325 0.456 0.684 -0.578 0.718 0.074 

Product non-conformances  1 0.325 -0.447 0.480 0.388 -0.388 

Project no-conformances   1 0.942 -0.892 0.182 -0.182 

% communication + 

oversight  

   1 -0.740 -0.434 0.434 

% education     1 -0.070 0.070 

% showstoppers + criticals      1 -1.00 

% non-criticals + other       1 

Table 4:  Correlation matrix for variables under study 

 

Of the highlighted pairs of variables, we will analyse the significant correlation for the pairs [project non-

conformances; communication + oversight defect types] and [product non-conformances; showstoppers + 

critical defects]. We have dismissed the other significant correlation results because they represent comparisons 

between the two dimensions in which defects are categorized in the software factory, and therefore, the results 

might be of relevance only to this software factory. 

As we mentioned, our interest lies in understanding whether process conformance can be related to project 

defects. Given the significant correlation, we can further analyse the relationship between process non-

conformances and process-related defects. Figure 5 and Figure 6 show the scatter plot and the regression line for 

both correlations. 
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Figure 5: Scatter plot and regression line for 
project non-conformance and process-related 
defects 
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Figure 6: Scatter plot and regression line for 
product non-conformance and highest priority 
defects 

 

Figure 5 shows that the relationship between project non-conformances and process-related defects has a 

positive slope. Therefore, as more non-conformances are committed, more defects are also expected. This is an 

indication that those projects that deviate from the standard process  inject more defects into the project. The 

independent coefficient of the linear regression can be calculated to a value of 0.20. We believe this could be an 

indication that the process deviations are responsible for a minimum of 20% of the defects injected into the 

projects. The processes are not a perfect fit for the projects’ needs. Ideally, the organisation’s processes should 

ensure that the right information is delivered to the developer in time; i.e., minimizing process-related defects. 

Figure 6 shows the relationship between product non-conformances and those defects which have been 

categorized with the highest priority. Interpreting the slope in this graph is not as straightforward. It would 

appear that the organization’s processes are successful in preventing a number of high-priority defects. However, 

after a certain threshold (10 non-conformances), these types of defects start to increase. 

4 DISCUSSION OF THE VALIDITY OF RESULTS 

This section presents a discussion of the validity of the results in this paper. According to Wohlen et. al. [24], 

the threats to the validity of an experiment can be classified into the following four categories: 

1. Conclusion validity is concerned with the relationship between the treatment and the outcome. There 

must be statistical significance to support the relationship. 

In order to calculate the statistical significance for the correlations calculated in the previous section, the 

process presented by Humphrey [25] will be applied. This significance is calculated by applying the Student’s t-

distribution. The following table presents the values for the correlations calculated in the previous section, 

where: 

 r(x,y) is the correlation coefficient 

 n is the number of data points 

 t is the value for Student’s t-distribution 

 

 r(x,y) N T Level of 

significance 
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Project Non-conformance and Process-related 

defects 

0.942 5 4.86 > 95% 

Product Non-conformance and highest priority 

defects 

0.718 5 1.79 > 80% 

Table 5:  Evaluation of significance of results 

 

2. Internal validity is concerned with making sure that the relationship observed between the treatments 

is causal and that no outside factor can have an influence on the outcome. In the case of this experiment, we can 

safely assert that no outside factor influenced the obtained measurements. Interventions of the researchers into 

the software factory were carefully planned, with the exception of the defect classifications, which we helped to 

deploy during the year prior to this study. 

3. External validity is concerned with generalisation of the results. External validity focuses on whether 

the conclusions can be statistically inferred from the data. 

In this research work, we have taken care to abide by the preconditions of the statistical methods applied. 

Nevertheless, the greatest threat to external validity arises from the limited number of data points available for 

the calculations. 

4. Construct validity is concerned with the way in which the experiment was conceived and evaluates 

whether the relationship between the cause and the effect is, in fact, causal. To avoid errors that could have been 

induced by the change of the organization business needs, we have explicitly removed the data points that were 

subject to this change. 

5 CONCLUSION 

In this study, we have presented our efforts in measuring process conformance and its alignment to 

organizational needs. An observational quasi-experiment was designed in order to obtain the necessary measures 

to evaluate the hypothesis that those projects which more closely followed the organisation’s standard process 

produce fewer defects. 

The results show that in the context of the software factory under study, a positive and significant correlation 

was identified between project management non-conformances and process-related defects, and also between the 

total non-conformance and those defects with higher correction priority. We believe that both results are 

indicators that process non-conformances are related to project defects. We interpret the existence of this 

relationship as an indication that the organization’s process(es) and its business needs are, in fact, aligned. 

Nevertheless, the results show that the alignment can be improved since it appears that the processes are 

injecting a certain number of defects in the software factory under study. 

A practical application of this study is to use the correlation to make the case for enforcing process 

conformances among its practitioners. Since, in essence, these results can be further developed to use process 

non-conformances as predictors of the project’s quality. This paper has shown that when the process is under 

statistical control, the previous statement can be established.  
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