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Abstract.  This paper discusses and analyzes possible solutions for 
achieving an effective process improvement in one specific key process 
area: measurement, whatever the maturity level and without the 
constraints of a software process improvement model staged 
representation. It investigates in particular a Support Process Area, that 
is, Causal Analysis & Resolution (CAR), together with Orthogonal 
Defect Classification.  
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1   Introduction 

Over the past few years in the software engineering community, there has been a 
growing interest in process improvements and in measurement to support decision-
making. Process improvement (PI) can be “measured” and benchmarked against 
several reference models, and, in the software engineering community, the two best-
known benchmarking models are probably: 

o ISO 9001:2000 [28], which is a general domain requirement model that can 
be instantiated to the software engineering domain using, for instance, the 
ISO 90003 standard [17]; 

o CMMI (Capability Maturity Model Integration) version 1.2 [11], which is, 
specifically, a software engineering process model applicable to both the 
software and systems engineering domains. 

While most organizations adopt only one of the two benchmarking models, a few 
adopt both, and there already exist two-way mappings to compare ISO requirements 
to CMMI practices for each process.  

A few studies have investigated the maturity level equivalence for those 
organizations already ISO 9001:2000-certified and implementing CMMI or SPICE 
[22] processes between maturity levels 2 and 3 [24], and they have raised a few 
issues. For instance, an ISO-certified organization must – to be certified – 
demonstrate that they have a process in place to identify and eliminate the causes of 
non conformities (§8.5 – Improvement), implicitly through a Root-Cause Analysis 
(RCA). This means that, for these ISO 9001-certified organizations, there should be 
documented evidence of some measurement-intensive process areas (PAs), such as 



Causal Analysis & Resolution (CAR), which would correspond to the evolution of the 
Defect Prevention key process area (KPA) at maturity level 5 in the older Sw-CMM 
[23]) or Decision Analysis & Resolution (DAR) at maturity level 3. 

However, in a SCAMPI appraisal for the CMMI model [18] adopting a staged 
evaluation against maturity level 2, these level 3 and level 5 measurement processes 
would not even be looked into, thereby possibly underrating the real maturity level of 
such organizations. By contrast, if these organizations were assessed using the 
continuous representation, this would not be an issue: all processes must then be 
assessed one by one against the capability process attributes, from level 0 up to level 
5, whether or not all the processes connected by a particular maturity level have been 
implemented [13], as is the case in the staged representation.  

Most organizations cannot implement processes at a higher maturity level all at 
once and from scratch; in practice, they progressively introduce the elements of a 
higher-level practice by starting with the easiest fit in their own environment, and 
gradually learning how to master this process, often initially within the limited scope 
of a pilot project. Only later would these organizations fully deploy a new process, 
either for business reasons or for a formal maturity assessment. Whatever the kind of 
model representation chosen (staged or continuous) [2][5][21], it is important to 
remember why an organization should adopt one or the other. There is no one answer 
that is valid for every organization: size, number of employees, business type, time-
to-market pressure, the business process model adopted and target certifications 
requested by clients as prerequisites for participating in bids all are examples of some 
of the parameters to take into account when selecting either a staged or a continuous 
representation for assessment and benchmarking purposes. 

ISO 9001:2000 requires RCA for achieving certification, and it could reasonably 
be argued that it be positioned within either level 2 or level 3 of CMMI1. Positioning 
the CAR process (a CMMI-related process) at level 5 can be challenged:  

Is the CAR practice indeed observed only in organizations with high-level 
maturity? Could it be introduced at lower maturity levels, and, if so, in what way? 

More specifically, can an earlier use of RCA help an organization achieve higher 
CMMI maturity and capability levels faster? 

This paper discusses and analyzes possible strategies for achieving an effective PI 
by the application of Total Quality Management (TQM) measurement-based tools, 
whatever the maturity level and the kind of representation (staged or continuous) 
chosen. This paper focuses in particular on the CAR process of the CMMI Support 
PA.  

Section 2 presents an overview of the role of the Support Processes in PI 
initiatives. Section 3 presents related work on CAR process and identifies outstanding 
issues. Section 4 proposes a quantitative usage of CAR as a foundation for achieving 
higher maturity levels. Section 5 presents a discussion on suggestions concerning the 
adoption of this quantitative approach to CAR and the benefits of doing so. 

                                                           
1 According to [24], there is an indicative maturity correspondence between Sw-CMM ML2-3 

companies and ISO 9001:1994-certified ones. Taking into account the newer mappings 
between their respective evolutions (CMMI vs Sw-CMM; ISO 9001:2000 vs 9001:1994), 
such maturity level equivalence can be assumed. 



2   Support Processes in the CMMI 

CMMI proposes a classification of process areas (Pas) by typology, grouping them 
into four classes2:  
o Process Management – includes the cross-project activities related to the 

defining, planning, deploying, implementing, monitoring, controlling, appraising, 
measuring and improving processes. 

o Project Management – includes the project management activities related to 
planning, monitoring and controlling the project. 

o Engineering – includes the development and maintenance activities that are 
shared across engineering disciplines. The engineering PAs were written using 
general engineering terminology, so that any technical discipline involved in the 
product development process (e.g. software engineering or mechanical 
engineering) can use them for process improvement. 

o Support – includes the activities to support product development and 
maintenance. The Support PAs address processes that are used in the context of 
performing other processes. In general, they address processes that are targeted 
toward the project, and may address processes that apply more generally to the 
organization. 
 
The Support Processes in the CMMI model are listed in Table 1 – they are divided 

into Basic and Advanced PAs, and their respective purpose and related General 
Practices (GPs) are included.  

In particular, CMMI states that the Basic Support PAs “address fundamental 

support functions that are used by all process areas. Although all Support process 

areas rely on the other process areas for input, the Basic Support process areas 

provide support functions that also help implement several generic practices” while 
Advanced PAs “provide the projects and organization with an improved support 

capability.” 
As can be inferred from Table 1, maturity level 2 Support processes play a dual 

role in CMMI:  
o as PAs, and  
o as GPs 
This dual role helps organizations in building the foundations for achieving 

improvements and contributing to reaching higher maturity levels faster. For instance, 
a proper Measurement & Analysis (MA) implementation has positive impacts, both 
on the PAs, PMC and PPQA3, as well as on the ratings of two GPs, GP3.2 – Collect 

Improvement Information – and GP 4.2 – Stabilize Subprocess Performance.  
 

                                                           
2 ISO 15504 proposes a similar classification, through the use of five groups, adding a 

Management (MAN) group. See http://www.isospice.com for details about ISO standard 
parts and status (parts 1-5 have already been published, and parts 6 & 7 are under 
development). 

3A list of acronyms is provided in Appendix A. 



Table 1.  CMMI v1.2 Support Process Areas (PAs). 

Maturity 

Level 

Process 

Area – 

PA 

Title Process Area Purpose Related 

General 

Process - 

GP 

Basic 

ML2 CM  Configuration 
Mgmt 

Establish and maintain the integrity of work products 
using configuration identification, configuration 
control, configuration status accounting and 
configuration audits  

GP2.6 

ML2 PPQA Process & 
Product 
Quality 
Assurance 

Provide staff and management with objective insight 
into processes and associated work products  

GP2.9 

ML2 MA Measurement 
& Analysis 

Develop and sustain a measurement capability that is 
used to support management information needs  

GP2.8 

Advanced 

ML3 DAR Decision 
Analysis & 
Resolution 

Analyze possible decisions using a formal evaluation 
process that evaluates identified alternatives against 
established criteria 

N.A. 

ML5 CAR Causal 
Analysis & 
Resolution 

Identify causes of defects and other problems, and take 
action to prevent them from occurring in the future 

GP5.2 

3   The Causal Analysis & Resolution (CAR) PA 

3.1 CAR Process 

CAR is a CMMI process at level 5, and it is expressed by two Specific Goals 
(SGs) split into five Specific Practices (SPs) – see Table 2.  

Table 2.  CMMI v1.2 CAR Support PAs 

Specific Goals – SG Specific Practices – SP 
SG.1 Determine Cause of Defects 
 SP1.1 - Select defect data for analysis  
 SP1.2 – Analyze causes  
SG.2 Address Cause of Defects 
 SP2.1 – Implement the action proposals 
 SP2.2 – Evaluate the effect of changes 
 SP2.3 – Record data 



3.2 Tools for CAR 

In particular, SP1.2 sub-practice #2 asks for the following: “Analyze selected 

defects and other problems to determine their root causes.” A recommended 
analytical tool from TQM [7][8][9] is the Fishbone diagram (or Ishikawa or Cause-
Effect diagram) [6]. This quality tool is useful for detecting the root causes of a 
defect/problem, and for classifying and prioritizing issues in a well-established and 
ordered manner. In more general terms, as explained in the introduction, the process 
for detecting and solving problems is usually referred to as RCA (Root-Cause 
Analysis) in the CMMI practices within the CAR (Causal Analysis & Resolution) 
process. In Figure 1, an example is presented, where the defect to analyze and remove 
was “Software Defects”. 
 

 

Fig. 1 – Factors contributing to the high rate of software project failures4 

3.3 Related work: Why is CAR positioned at level 5? 

The positioning of CAR at level 5 seems to have come about as a result of an 
assumption by CMMI architects that CAR can be considered as an “evolution” of the 
“Defect Prevention” KPA from the old Sw-CMM, as mentioned in the introduction. 
On a few occasions, it has been suggested that both RCA and CAR be initially 
introduced in a qualitative approach at lower maturity levels before including them in 
a quantitative approach at higher maturity levels: 

                                                           
4 Elaboration from [15]. Another possible classification for software failures is proposed in [1]. 



o Williams (2002) [14] mapped the specific CAR goals against Juran’s 10 
points, suggesting intensive use of qualitative and quantitative TQM tools for 
each CAR SP, but without providing suggestions about the “how to” on each 
tool listed in the fourth point of this list (Identify root causes) 

o Norausky (2003) [10] proposed a “distributed usage” of CAR across the five 
maturity levels, using a “hybrid implementation approach” for CAR, which 
would constitute a parallel continuous improvement on CAR implementation, 
while also pursuing an overall staged representation implementation strategy 
for those organizations adopting this representation. However, no detailed 
suggestions are provided for individual maturity levels (from maturity level 1 
on), but only suggested usage of high-level CAR measurement.  

 
Thus, a possible solution could be to use CAR at lower maturity levels, and to apply it 
in a quantitative manner. 

4   Quantitative CAR as a foundation for use at Higher Maturity 

Levels 

4.1 From RCA to ODC – Related work 

To allow comparability among several instances for a certain problem/effect, Ram 
Chillarege proposed a technique in the early ’90s called Orthogonal Defect 
Classification (ODC) [3][4], as a way of categorizing defects found both during the 
development process and after customers receive and begin using the product.  

 
In ODC, defects are classified according to key attributes and then data are 

analyzed to form the basis for action plans and process improvement activities. ODC 
is a technique mid-way between the traditional RCA (more qualitative and time-
consuming) and Statistical Defect Models (more quantitative, but not easily 
translatable into corrective action). Through the orthogonal classification of defects 
found (defect type) and their association with their trigger, it is possible to create 
consistent and meaningful characterizations of the problems that are found across all 
software development life cycle stages.  

4.2 ODC: Strengths and limitations 

A list of strengths and possible limitations in applying ODC has been compiled 
from the literature:  

Strengths [20][25][26] [27]: 
o It is an evolution of RCA from a qualitative to a quantitative approach. 
o It has adopted a standard taxonomy (types; triggers), which allows 

comparability across time and organizations. 



o It helps in gathering defect data over time, enabling an organization to run 
statistical analysis and – more generally – to look at defect data in a more 
objective way. 

 
Limitations: 

o It is challenging to use Software Defect Removal, since a large part of the SPI 
activity is focused on the code. Furthermore, the later a generic defect (not only 
code) is detected, the more difficult and costly it is to remove [12]. 

o It is typically applied by organizations having a robust measurement system: ODC 
needs the capability to consistently gather and analyze data over time; a number of 
organizations are at lower maturity levels and do not have this capability, or the 
payback period is too remote for its application to be economical.  

o The updating of defect types and related defect triggers makes it difficult to 
maintain a backward comparability of source defect data over a long period of 
time. 

4.3 Generalizing and customizing ODC 

Our proposed approach is to customize the ODC principles to each implemented 
PA. In particular, the suggestion is to quantify RCA using the GQM-GQ(I)M [19] 
approach in the following way: to each low-level leaf (or bone) in a Fishbone 
diagram, each organization can collect its own groups of causes and adopt this tool 
whatever its maturity level, and start to do so as early as possible.  

 
Figure 3 illustrates how to determine new, useful measures, or use existing ones, 

in each related process within a leaf/bone. These measures are shown in blue in 
Figure 3.  

 



 
 

Fig. 2 – Measures applied to the final bones in a Fishbone diagram 

 
Some practical guidance is suggested here: 

o Build your own defect types and triggers for each implemented PA – to be refined 
over time: this will make it possible to define a personalized local standard 
taxonomy (or start by using RCA classifications such as 3Ms and P (Methods, 
Machinery, Materials, People) or 4Ps (People, Process, Procedure, Plans). 

o Link the measures detected from RCA to their related processes: the suggestion 
provided by CMMI of gathering only the number and typology of measures5 
seems to be limited to monitoring and controlling CAR. Taking into account more 
measures derived after the “quantitative” implementation of RCA can help the 
organization to succeed in the practice of collecting improvement information 
faster and more easily (GP3.2). 

 
Possible outcomes of such implementation can be: 

o Facilitate the adoption of (new) measures needed for removing defects and related 
causes;  

o Facilitate the data collection process in the organization: this is the foundation for 
statistical analysis later on, at maturity level 4; 

o Reduce the cost of non quality (CONQ) in the medium to long term and improve 
this ratio over the cost of quality (COQ) (e.g. CONQ/COQ ratio): it is reported in 
[29] that the return on investment from the removal of a cause (these costs are 
related to CONQ items) is higher than that for removing a defect; 

                                                           
5 See CAR GP2.8,  “Elaboration” section. 



o Facilitate the proper implementation of other processes (i.e. Project Monitoring & 
Control (PMC) and Project and Process Quality Assurance (PPQA)) and general 
practices such as monitoring and controlling the process (GP2.8), collecting 
improvement information (GP3.2) and stabilizing sub-process performances 
(GP4.2) by more skilled resources6. 

5   Discussion 

An important goal for every organization is to achieve a real and valuable 
improvement, with the result that it moves up through the maturity levels. Process 
improvement models constitute a roadmap for doing so, describing the steps to follow 
and the techniques and tools to implement. Whatever the model and kind of 
representation chosen, it is fundamental to properly understand the underlying 
appraisal principles for the rating process and for deriving useful suggestions for 
improving processes and related outcomes and outputs. 

Measurement and Causal Analysis represent two powerful analytical tools for 
pursuing PI; they are classified as Support processes by the CMMI model, and should 
be used and managed in the same way (“dual role” and allocation at a certain maturity 
level).  

Two suggestions for improving the CMMI architecture have been proposed:. 
o Introduction of the CAR PA area at maturity level 2, as a Basic (rather than an 

Advanced) Support Process. 
o Supporting rationale: if the software and systems engineering community 

recognizes Cause-Effect detection and removal ability as a basic process 
improvement principle, which is also mandatory for ISO 9001 certification 
and corresponds approximately to CMMI level 2 or 3, then it would be more 
coherent to classify CAR as a basic process at level 3 than strictly as an 
advanced process at level 5; this would also improve consistency across both 
ISO and CMMI benchmarking models. 

o Addition of a direct reference to CAR in the general practice related to the 
capability of adhering to internal processes and policies (GP2.9),: if RCA (and 
therefore CAR) were to be recognized as a CMMI basic practice, then GP2.9 
could be reinforced by introducing a reference to the CAR process7. This would 
help in overcoming the possible risk of maintaining a conservative view of quality 
(Quality Assurance) rather than a proactive one (Quality Improvement), which 
should be at the core of TQM, and therefore of SPI practices. 

                                                           
6 A less visible, but tangible effect from maturity level 3 on will be to enhance a basic 

organizational culture of RCA [33][34], introducing and applying it in a gradual manner to 
each performed process, learning to distinguish, increasingly and at all levels, between 
defects and causes and their economical impact, and allowing organizations to write their 
strategic (process) maps more and more effectively, as, for instance, in a Balanced Scorecard 
(BSC).  

7 Each process area can refer to related processes at the end of a certain GP. For instance, 
GP2.8 refers to the Project Monitoring & Control (PMC) and Measurement & Analysis 
(MA) processes. 



In this paper, we proposed a quantitative approach to RCA and Ishikawa 
(Fishbone) diagrams, overcoming some limitations noted in the ODC technique, but 
generalizing some lessons learned from that experience. This approach, going back to 
TQM studies, would help an organization in its measurement ability, as well as in the 
rating of other processes at maturity level 2, such as PMC and PPQA. Our suggestion 
to software organizations is, therefore, to make the teaching of TQM tools a priority 
in their training programs, not only with reference to CAR, but also as cross-
knowledge that would have a positive impact on CMMI (or any other SPI model) 
processes. 

 
Future work will include the identification of defect types and triggers for single 

CMMI PAs, possibly from case studies available in the technical literature, to 
leverage the advantages of the ODC approach and our suggestion for a quantitative 
approach to RCA. 
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Appendix A: List of Acronyms 

BBN Bayesian Belief Net 
BPM Business Process Model 
BSC Balanced Scorecard 
CAR Causal Analysis & Resolution 
CL Capability Level 
CMMI Capability Maturity Model Integration 
DAR Decision Analysis & Resolution 
GP Generic Practice 
ISO International Organization for Standardization (www.iso.ch)  
KPA Key Process Area 
ML Maturity Level 
ODC Orthogonal Defect Classification 
PA • Process Area (in the CMMI model) 

• Process Attribute (in the SPICE model) 
PI Process Improvement 
PMC Project Monitoring and Control 
PPQA Process & Product Quality Assurance 
RCA Root-Cause Analysis 
SCAMPI Standard CMMI Appraisal Method for Process Improvement 
SP Specific Practice 
SPI Software Process Improvement 
Sw-CMM Software Capability Maturity Model 
TQM Total Quality Management 
 
 


