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Abstract. Nowadays, an increasing number of companies are using process 

improvement models as a mean to improve the quality of their processes and 

therefore the quality of their products and services. Although various 

improvement frameworks exist that provide organizations with aids in their 

respective process improvement programs, there is a lack of synergy between 

organizations using similar frameworks. In this paper we propose an improvement 

framework that uses the University as an independent collector to integrate the 

results of improvement efforts and provide analyzed information and resulting 

artifacts to relevant stakeholders. Since many organizations are currently using 

multiple models for process improvement, the framework proposed was designed 

to support multi model information. It also provides an expanded set of data by 

incorporating the results from all process improvement assessments regardless of 

the assessment method used. In particular, informal assessments which are usually 

not included on analyses, proved to be a useful way of obtaining information 

related to the learning experience that companies undergo in their process 

improvement journey 

Initial results of its usage are presented, including the analysis of 40 assessments. 

Finally, common errors and risk-prone areas are highlighted and the products and 

services being developed on those key areas are presented (e.g. e-learning 

material, implementation guidelines, etc)  
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1. Introduction 

Nowadays, an increasing number of companies are using process improvement 

models as a mean to improve the quality of their processes and therefore the quality of 

their products and services (1). With this purpose, many process improvement 

frameworks have been proposed and are widely used in the software industry that 

supports such models implementation. In particular, the SEI (2) has published the 

IDEAL model (3) as the infrastructure to guide organizations in planning and 

implementing an effective model based software process improvement program.  

Although these improvement frameworks provide organizations with aids in their 

respective process improvement program, there is a lack of synergy between 

organizations using the same (or similar) improvement frameworks. 

In today´s context, where the information sharing mechanisms have bridged the 

gap and enabled leveraging experiences across organizations in many aspects(4)(5), 

there is a need to provide a framework not only to help organizations in their own 

process improvement programs but to enable sharing between organizational 

experiences. This framework will serve to the purpose of helping software industry 

and universities to leverage experiences and ultimately improve the overall state of the 

art. 

In this paper an improvement framework is proposed to address such needs. The 

framework was developed with the following objectives: 

 To provide the basis that will enable companies and universities to learn 

based on other (and self) experiences. 

 To expand over industry wide available information by the integration and 

analysis of results from process improvement assessments and audits 

regardless of the reference model and the assessment method used. 

Initial results of the implementation in Córdoba, Argentina are presented as an 

example of the value added by the proposed approach.  
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In order to present the above mentioned information this paper is organized as 

follows: 

 Section 2 introduces the proposed framework. 

 Section 3 analyses the main components of the proposed framework 

in detail. 

 Section 4 presents the methods and tools used in the initial 

implementation done in UTN-FRC (6). 

 Section 5 describes the initial implementation results. 

 Section 6 presents the conclusions of the work done. 

 Section 7 describes the current and future work related to the 

framework and the research group working on it. 

2. Proposed process improvement framework overview 

The CMMI ® model (7), ISO9001:2000 (8) among other commonly used 

quality models and standards have proven effective to help Software 

organizations in improving their business results (9)(10). When using these 

quality models, there is a critical step to process improvement that every 

organization has to take, namely the audit, appraisal and/or assessment1. In this 

step, the organization has a comprehensive evaluation of the implementation of 

the reference model and a clear feedback from external experts including 

strengths and weaknesses of their implementation (11). In particular, the IDEAL 

framework for process improvement has explicitly mentioned this step where 

such evaluations are made and results are used for continuous improvement. 

In this context where organizations invest significant amount of resources 

(12)(13) to improve their performance based on a clear understanding of their 

current weaknesses and strengths, it is particularly critical to provide a framework 

where organizations can also reuse the knowledge generated by others to avoid 

and mitigate redundant errors to occur. 

As depicted in the left-hand side of Figure 1, traditional approaches to process 

improvement have isolated the learning experience within organizations without 

taking full advantage of the common mistakes and implementation gaps. 
   

 

Figure 1: Side by side improvement framework comparison. 

 

                                                           
1 In order to ease the interpretation, assessment is used as a general term that comprises 

audits, appraisals and assessments. The reader should interpret this word as a general 

reference for such practices. 



An alternative approach is presented on the right-hand side of figure 1 which 

enables organizations, based on “learn by doing” methodologies (14), to leverage 

from other organizations experience as well as to benchmark its current practices 

against industrial available data. 

In particular, the proposed approach uses the University as the independent 

organization that, acting as an improvement hub, consolidates, validates and 

analyzes the available industry data in order to generate corresponding trainings 

and implementation material to ensure best practices are shared across 

organizations and common errors are addressed. 

Also, the improvement framework suggests the usage of external data (i.e. 

industrial best practices and research information) to crosscheck available state-

of-the-art implementations to ensure best practices and known problem 

resolutions are built into the proposed trainings and solutions given to the 

organizations and University. 

3. Process improvement framework components 

As depicted in the following picture, there are 9 major components in the 

proposed framework. 

 

Figure 2: Major framework components 

3.1. Companies/industry: 

The Software industry as a whole has a dual role in the overall framework. On 

one hand it is the main provider of data and implementation information 

(reference number 1 in Figure 2). On the other, it is one of the primary customer 

of the framework since all the results generated will directly impact it (by means 

of in-company trainings, implementation guidelines, etc) or indirectly by the 

provision of better trained resources with practical experience in common error-

prone situations (reference number 9 in Figure 2). 



3.2. Assessments 

As the key common step where models or standards implementation is 

assessed by a knowledgeable team, this component provides the basis to the 

finding-based work to be done in the following steps. During this step, 

information is gathered in terms of findings encountered by the assessment teams 

to be later consolidated into the proposed database. Although this framework is 

intended to be used to leverage model based improvement initiatives, there is no 

limitation on the reference model and/or standard as long as the assessment itself 

provides the organization with a set of findings related to that reference model. It 

should be noted that, although the assessment is highly demanding in terms of 

resources for the assessed organization (11), this framework builds upon the 

results provided by these activities and does not add any extra requirement to the 

organization. 

3.3. Findings database 

In order to store all the information gathered during the assessments, a 

database was designed to enable the research group to perform all needed 

statistical analyses and reports. 

In this initial version of the database, it was decided to map all collected 

information to the CMMI (15) reference model regardless of the one used for 

assessment purposes. Detail description of how the models mapping was made is 

presented in section 4 of this paper. 

General assessment and demographic data was collected and stored (e.g. 

organization size, organization location, roles involved, etc) as well as detailed 

result information (e.g. findings, improvement opportunities, strengths, 

observations, recommendations, impacted area, etc). 

Finally, it should be noted the database structure is planned to be changed to 

incorporate other reference models/standards in future implementations. 

3.4. Research group at the University 

As mentioned before, this framework uses the University as an independent 

organization that, acting as an improvement hub, consolidates, validates and 

analyzes the available industry data. The current framework implementation is 

based on a research group within the University that shall have (or develop) the 

needed skills to perform the required analyses with the data provided by 

organizations (e.g. model mapping, quantitative statistical analyzes, qualitative 

categorization, etc). 

The main role of the University within this framework, is to provide an 

objective environment were data can be anonymously analyzed and feedback can 

be provided to organizations and students. Also, a cost effective environment is 

provided since the University benefits from the analyses of the provided data by 

the acquisition of new knowledge that can be later incorporated into its 

engineering curricula. 

Among the activities that need to be developed by such a group are: 

- Data gathering and validation 

- Data Analysis 

- Industry research 

- Benchmarking (both internal and against industry available data) 

- Report generation and sharing 

- Trainings (creation and delivery) 

- Supporting artifacts (creation and delivery) 

3.5. E-Learning 

As a main output of the proposed framework, training based on the acquired 

knowledge should be made accessible widely (at least to University and local 

companies). As well, training should also be available to replicate as applicable in 

subsequent years. In this context, an e-learning methodology provides the 

framework with the right availability and learning opportunities to be deployed 

(16). In particular, the error based approach proposed by Roger Shank (14) was 



selected to design e-learning modules based on the findings and analyses 

performed in previous steps. 

3.6. Additional sources of information 

In order to perform some of the above mentioned activities, there is a need to 

have access to best-in-class practices and updated information on the state of the 

art in relevant areas of knowledge. 

As a consequence, a highly important component of this framework is the 

linkage with those other sources of information. In particular, other universities 

programs (e.g. Carnegie Mellon University), recent symposiums and congresses, 

and international organizations (e.g. IEEE (17), ISO (18)) should be permanently 

screened in search for updates relevant to the work to be done by the group. 

Also, as a result of the work developed by the group it is important to make 

relevant results available to those sources in order to leverage the overall 

knowledge on the selected areas and encourage the active sharing of relevant 

information. 

3.7. University and Students 

The output generated by the aforementioned steps would provide the 

University (reference number 7 in Figure 2) with updated information in order to 

improve the curricula and training material of related subjects. It will also enable 

University staff (including teachers and interns) to directly benefit by being 

involved in the analyses done and the creation of the related material. Finally, the 

availability of e-learning options will expand training alternatives to those 

students seeking for deeper knowledge in some of the areas of experience 

(reference number 8 in Figure 2).  

4. Methods and tools 

 4.1. Variables operational definition 

The assessments included in this paper were performed between 2003 and 

2007. Therefore, the raw data is based on two models SW-CMM 1.1(19) and 

CMMI v1.1 (15). For analysis purposes all SW-CMM results were converted and 

normalized into CMMI naming conventions and equivalent process areas. In 

order to be consistent with this normalization we took as a main guide the SEI 

published mapping between those references models (20). Once the information 

was converted, it was thoroughly analyzed in order to correctly match the related 

practice, goal and PA for each finding. 

Assessments were categorized according to their nature. For this purpose 3 

categories were used: SCAMPI (11), CBA IPI (21) and informal (i.e. all 

assessments not using one of the before mentioned methods were included in this 

category, including internal and external assessments done by organizations but 

not reported as formal assessments).    

Based on the information provided by each assessment record, a risk 

assessment was performed in order to include a risk number for each goal within 

each assessment2 using the below mentioned categories: 

 High risk - 9: meaning that it is unlikely to reach the requirements of 

the goal with the evidence provided if the assessment were a formal 

one (e.g. Class A SCAMPI)  

 Medium - 3: meaning that the information provided was not 

conclusive and, in consequence, the assessment team criteria would 

have influence on the final rating 

 Low - 1: meaning that is likely to fulfill the intended requirements. 

All results gathered – findings, strengths, improvements opportunities, risks 

associated to specific PAs, observations and recommendations – were entered 

into the database described in section 3.3.  

                                                           
2 In some assessments, this information was explicitly provided within the assessment 

records. 



The result set was coded using two types of variables: 

 Quantitative:  like number of finding per PA, number of strengths 

identified per PA and number of improvement opportunities per PA. 

 Qualitative: like risks, assessment level (ordinal) and assessments 

reference model (nominal). 

4.2. Methods 

In order to consolidate the available data into the finding database, a manual 

transcription was done from the assessment records. After this activity was 

completed, data was validated in subsequent steps. First, a peer review session 

was done over a sample subset of assessments with the purpose of ensuring that 

there were no errors introduced by the data transcription process. Second, initial 

data validation was done, including but not limited to: 

 Correct type (i.e., numeric, alphanumeric) 

 Correct format and scale  

 Within specified ranges and/or categories 

 Complete (i.e. non missing values) 

Lastly, descriptive statistics were generated for those quantitative variables 

stored in the database and graphical summaries were reviewed. Also, histograms 

and sector graphics were generated for quantitative variables. 

In order to discriminate error-prone areas, a scatter plot chart was used, using 

the average number of finding per assessment in the “y” scale and the average 

risk exposure on the “x” scale. 

When comparisons were needed, the most applicable method was selected 

based on the underlying data distribution. In particular, the Mann-Whitney non 

parametric Test (22) was used to compare assessment types as presented in 

section 5 of this paper.  

 Finally, in order to generate the associated e-learning modules, the “learn by 

doing” methodology proposed by Roger Shank was used (14). As a result, e-

learning modules were implemented in a web based environment by the 

generation of a state machine using C#.net technology. 

5. Results 

This section describes initial framework implementation results. Although this 

paper is not intended to present the entire set of results obtained by the 

application of the framework3, preliminary implementation results are presented 

as well as initial discussion over other related works. 

5.1 Assessments information 

Up to date, 40 assessments were completed and incorporated into the database. 

Those assessments were distributed among 14 participating companies which 

sizes varied from 17 to 250 employees. In all cases, SW-CMM v1.1 or CMMI 

v.1.1 were the reference models used for assessments (refer to section 4 for a 

description of how findings related to those models were integrated). 

As a result, 461 findings were recorded along with 530 strengths, 66 

improvement opportunities, 54 observations and 186 recommendations.  

Table 1 provides a summary of the above mentioned data together with some 

related information. 

  

                                                           
3 A more comprehensive analysis is being completed at this time and will be presented in 

future technical reports. 



 

ASSESSMENTS 

Number of assessments 40 

CBA IPI 6 

SCAMPI 9 

Informal 25 

Reference model SW-CMM: 21 CMMI: 19 

Level 2: 17 3: 11 4: 2 5: 11 

ORGANIZATIONS 

Number of organizations 14 

Minimum size 17 

Maximum size 250 

RESULTS 

Findings 461 

Top 3 PP: 74 CM:55 PPQA:52 

Average by PA 20 

Average per assessment 11.5 

Strengths 530 

Improvement opportunities 66 

Observations 54 

Recommendations 186 

Table 1: Data Summary 

As described before, one of the objectives of the proposed approach was to 

expand over industry wide available information. This expansion was achieved 

by a two folded approach as can be derived from the data presented in Table 1. 

On one hand, the database includes information from assessments using diverse 

reference models (i.e. CMM and CMMI in the current version). On the other 

hand, both formal and informal assessments were included in the database. This 

was done under the assumption that informal assessments would provide useful 

information on the learning experience that companies undergo in their process 

improvement journey. As depicted in Figure 3, a comparison over the sample data 

was done that exposed a statistically significant difference between the number of 

findings reported in formal and informal assessments. 

 

Mann-Whitney Test and CI 
                                  N  Median 

CountOfFindings_Formal    15    3.00 

CountOfFindings _Informal  25   16.00 

 

Point estimate for ETA1-ETA2 is -12.00 

95.3 Percent CI for ETA1-ETA2 is (-16.00,-5.00) 

W = 198.0 

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0023 

 

 

Figure 3: Comparison of findings per assessment type 
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 As shown, the number of findings reported during informal assessments is 

significantly greater than the number of findings reported in formal assessments. 

It should be noted that although other organizations like the SEI are maintaining 

assessments results databases and reports (1), the information provided by 

informal assessments is neither collected nor analyzed. As a consequence, the 

current framework provides an expanded set of data to fully leverage from all 

process improvement assessment.      

5.2 Error-prone areas analysis 

In order to select the core error-prone areas that would lead to the development 

of the training and implementation material, a comparative analysis was 

performed to assess the relationship between risks severity and the average 

number of findings per assessment.  In Figure 4, it is depicted this analysis at a 

PA level. As shown, Project Planning (PP) was found to be the most critical 

process area, according to average number of findings per assessment and their 

associated risk severity. 

 

 

 Figure 4: Relationship between Findings and Risks Severity by PA  

 

In order to drill down and to have a better understanding of which goals were 

the most difficult to implement, the same analysis was done but this time detailed 

at goal level. As depicted in Figure 5, at the upper-right side of the figure, the 

following goals were the ones with the greater average number of findings per 

assessment and the most significant risk towards achieving the intended goal:  

 Project Monitoring and Control (PMC) 

o Specific Goal 1 (SG 1 – Monitor Project against Plan) 

 Project Planning (PP) 

o Specific Goal 2 (SG2 – Develop a Project Plan) 

o Specific Goal 3 (SG3 – Obtain Commitment to the plan) 

 Quantitative Project Management (QPM) 

o Specific Goal 1 (SG1 – Quantitatively Manage the Project) 

 Configuration Management: 

o Specific Goal 1(SG1 – Establish Baseline), 

 Process and Product Quality Assurance (PPQA) 

o Generic Goal 2 – (GG2 - Institutionalize a Managed Process) 

 Organizational Training (OT) 

o Generic Goal 2 – (GG2 - Institutionalize a Managed Process)  

 Risk Management 

o Specific Goal 2 – (SP2 - Identify and Analyze Risks) 
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Figure 5: Relationship between Findings and Risks Severity by PA 

 

In particular, although it was not the highest scored goal, PP-SG3 was selected 

to pilot the learning material and the associated assets. The main reason to select 

this goal was that it presented a well defined encapsulated topic and a clear scope 

in which to focus4. Also, in order to provide the contextual knowledge to the 

University audience (i.e. those that, as opposed to companies implementing such 

reference models, did not have the basic knowledge), a CMMI introductory 

course was developed5. 

6. Conclusions 

Nowadays, an increasing number of companies are using process improvement 

models as a means to improve the quality of their processes and therefore the 

quality of their products and services. When using these quality models, there is a 

critical step to process improvement that every organization has to take, namely 

assessment. 

In this paper, a framework is presented that uses the university as an 

independent organization that will enable companies to leverage on the 

investment made on process improvement activities by increasingly share the 

knowledge acquired. 

Since many organizations are currently using multiple models for process 

improvements (23)(24), the current framework is proposed to integrate the results 

obtained from those experiences. As well, the current proposal provides an 

expanded set of data by incorporating the results from all process improvement 

assessments regardless of the assessment method used. 

Initial results of framework implementation are presented. 40 assessments 

have been submitted and analyzed up to date. Common error-prone areas have 

already been detected.  Training and implementation material were developed to 

support the implementation of those areas industry wide and to increase the 

awareness of such practices among the intended audience (including both 

University and local companies). Although the actual impact of the products 

provided need to be statistically validated, initial results are encouraging. As a 

                                                           
4 Although practice level analyses are not presented in this paper, PP specific practice 3.3 

which is contained within this specific goal was the highest scored practices. 
5 Since this introductory course was also intended to be incorporated as a regular subject at 

the university, it was not developed as an e-learning solution but using the University 

training definitions.  
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consequence, on-going activities are been planned at the University to continue 

this work and to increase the experience from its use.  

7. Current and further work 

Currently, work is being done in order to improve the analysis of the 

available data (i.e. deep dives into specific topics) and to generate a full technical 

report of relevant information in order to be benchmark with other sources of 

information (e.g. SEI). As part of this work, interviews with subject matter 

experts on specific areas were held to provide further qualitative data related to 

those critical areas.  

As information related to other reference models/standards is been collected 

(e.g. ISO9001:2000) the database schema and mapping are been updated to 

support such information storage and analysis.   

Also, e-learning modules are being generated to address the top error prone 

areas along with detailed implementation guidelines with common solutions to 

address such areas. 

Finally, future work is suggested in order to perform similar analyses over 

the other components of the assessment results collected (i.e. strengths, 

improvement opportunities, etc).  
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