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Abstract. In this paper we firstly describe the appraisal method that was developed by the Centre for Software Process Technologies (CSPT) to assess software processes within small to medium sized (SMEs) organisations that have little or no experience of software process improvement programmes.  We then discuss our experience of developing and using our appraisal method within six SMEs organisations within Northern Ireland. Next we compare our assessment method with existing lightweight assessment methods that have also been used to assess software processes within SMEs software development organisations. We then describe new features that we are currently introducing to improve our software process appraisal method. 
1   Introduction
The Centre for Software Process Technologies [1, 2] is a research and knowledge transfer group funded jointly by the University of Ulster and Invest Northern Ireland, a Northern Ireland governmental organisation responsible for the economic development of this geographical region. The CSPT is tasked with motivating and developing a culture of software process improvement within the Northern Ireland software industry.  
Within the Northern Ireland software industry the majority of companies are SMEs organizations. The key characteristics of these SMEs organizations are that they have little or no experience of adopting Software Process Improvement (SPI) frameworks and assessment methods. The majority of these companies stated that they considered SPI frameworks and assessment to be too expensive, too time-consuming, too heavy-weight and really only applicable to larger organizations [3]. In an attempt to make SPI more attractive to these SMEs the CSPT decided to adopt the continuous representation of the Capability Maturity Model Integrated (CMMI® [footnoteRef:1]) [4] and to develop a more light-weight assessment model to assist with SPI within the Northern Ireland software industry. The continuous representation of the CMMI® provides a more attractive proposition for SMEs companies than the staged version of the model. Particularly as most of the software development SMEs organisations within Northern Ireland have no compelling reason to achieve any particular maturity level rating, but would rather see the benefits from a software process improvement programme in a more gradual, progressive manner. Such an approach also enables process areas to be selected for appraisal that are deemed to be more critical in terms of the company’s business goals. [1:  ®CMMI is registered in the U.S. Patent and Trademark Office by Carnegie Mellon University] 

As part of the product suite for CMMI®, the Software Engineering Institute has published the requirements for three categories of method which employ the CMMI® [5]. Methods developed to comply with these requirements are known as ARC (Appraisal Requirements for CMMI®) class-C, class-B and class-A. The Software Engineering Institute has developed its own class-A compliant method which is called SCAMPI[footnoteRef:2]SM. The requirements of class-A methods tend to result in large methods which require a sizable effort from the appraised organisation both in terms of preparation for such an appraisal as well as considerable external effort from an appraisal team. This stems in part from the need to thoroughly investigate and support any evidence gathered during the appraisal. For much of the Northern Ireland software industry, class-A methods would not currently be appropriate because the scope of the appraisal would lead to increased and unsustainable costs. The CSPT approach is to build up awareness and understanding in the aims and objectives of software process improvement in a gradual manner by trying to keep the costs associated with such measures small to begin with, through an approach of limiting the scope of any appraisal. For this reason the CSPT has developed its own appraisal method which complies with the ARC 1.1 requirements for a class-C method. Our method is called Express Process Appraisal (EPA). As an ARC class-C method, the EPA method does not provide any form of rating. [2: SM SCAMPI is a service mark of Carnegie Mellon University.] 

In a pilot appraisal programme, the EPA method has been used to appraise six software development companies in Northern Ireland. The results of all six appraisals indicate that for most of the process areas, most appraised companies perform at either capability level 0 or 1. Details of the results of the six appraisals and the effectiveness of the performance of the EPA method are detailed in another publication [6]. The EPA method has been developed for assessing software processes with SMEs organisations however it could also be used for performing initial process assessments within larger organizations that have not previously embarked upon process assessments, as it will provide such companies with recommendations as to how they may improve their practices, as well as providing them with a starting point and a pathway to improvement. 
The intention of this paper is to describe the method, our experiences using it, comparisons with other lightweight process appraisal methods, as well as our plans and efforts to improve the EPA method.
Section 2 describes the EPA method, while section 3 discusses our experiences with the method. Section 4 compares the EPA method against other lightweight process assessment methods. Section 5 focuses upon our current work to improve the EPA model and section 6 provides our concluding remarks.
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2   Express Process Appraisal
The development of the EPA method began in March 2003. Two members of the CSPT staff initially attended the official ‘Introduction to CMMI®’ course and subsequently the ‘Intermediate Concepts of CMMI®’ course, both at the Software Engineering Institute. One of the CSPT staff also had team member experience on both CMM and CMMI® appraisal teams led by fully (SEI) qualified Lead Assessors. A team of five CSPT staff then started developing sets of stock questions from the CMMI®. These stock questions enable us to ensure adequate coverage of the model during questioning sessions. Many additional questions are asked as an interview proceeds, based upon the answers provided to the stock questions. 
2.1   Selecting Process Areas
After consulting local software companies one of the main objectives of the EPA method was to confine the interview session to one working day. Therefore, when developing the EPA method we decided to include six process areas as this was the maximum number of process areas that could reasonably be covered within one working day. We then decided to select the six most appropriate process areas (to software companies within Northern Ireland) at CMMI® maturity level 2 as the justification for starting a process improvement exercise with them is already well established in that they are present at the first level in the model. The following process areas were selected: Requirements Management, Configuration Management, Project Planning, Project Monitoring & Control, Measurement & Analysis, and Process & Product Quality Assurance. 
2.2 The EPA Appraisal Plan
The EPA method is divided into eight stages and the appraisal team consists of two CSPT staff members who conduct the appraisal between them. 
Stage 1 (Develop Appraisal Schedule) is the preliminary meeting to establish logistics and determine the schedule. This meeting involves 2 CSPT staff and at least one representative from the company. This meeting lasts approximately one hour. Therefore 2 person-hours of CSPT time and at least 1 person-hour of company time are normally required for this stage.
During stage 2 (Conduct Overview Briefing) the lead appraiser provides an overview of the method for all those from the appraised organisation who will be involved in subsequent stages. This session is used to remove any concerns that individuals may have and to establish codes of conduct and confidentiality. This overview session involves 2 CSPT staff and on average 7 company staff (the number of company staff involved depends upon the size of the company). The overview normally lasts 2 hours. Therefore 4 person-hours of CSPT time and 14 person-hours of company time (based upon an average of 7 staff attending) are normally required for this stage.
Stage 3 (Site Briefing) is used by the appraised organisation to explain elements of the company structures to the appraisal team. During this stage, the appraisal team learn a little about the company’s history, the company’s business objectives and about the types of ongoing projects, along with the lifecycle stage that each project has reached. This briefing involves 2 CSPT staff and on average 2 company staff (once again the number of company personnel involved depends upon the size of the company). The briefing normally lasts 2 hours. Therefore 4 person-hours of CSPT time and 4 person-hours of company time (based upon an average of 2 company staff attending) are normally required for this stage.
Stage 4 (Analyse Key Documents) provides a brief look at some samples of project and organisational documentation. Five samples of documents are requested: a typical project plan, a typical project progress report, a typical approved requirements statement, company quality assurance guidelines/manual and finally any documentation relating to the company policy on configuration management. The ARC class-C guidelines do not require the EPA method to consider documentation. The EPA method is required to consider “at least one source of data”. The primary source of data for the EPA method is through a series of interviews conducted during stage 5. The brief consideration of some sample documents during stage 4 is additional and used mainly to craft further questions for stage 5. This stage involves 2 CSPT staff and usually 1 member of company staff. This stage normally involves the company member dedicating 1 hour to retrieving the requested documents. The 2 CSPT staff performing the appraisal then each analyse this data for approximately 3 hours. Therefore 6 person-hours of CSPT time and 1 person-hour of company time are normally required for this stage.
The main part of the EPA method is stage 5 (Examine and Document Objective Evidence). In this stage key staff members from the appraised organisation are interviewed. There are 6 interviews. Each interview is scheduled to last approximately 1 hour. Each interview focuses on one of the 6 process areas. The interviews involve an appraisal team consisting of 2 CSPT staff and at least one representative from the company (on average 3 staff are involved) are present for each process area interview. Therefore 12 person-hours of CSPT time and on average 18 person-hours (based on 3 company personnel being involved) of company time are normally required for this stage.
Stage 6 (Generate Appraisal Results) and stage 7 (Create Final Report) are very much a collaborative exercise between the appraisal team members. The final report consists of a list of strengths, issues and suggested actions for each of the process areas evaluated. Global observations covering all process areas are also covered. Stages 6 and stage 7 each involve 2 CSPT appraisal team members collaborating together for three hours. Therefore a total 12 person-hours of CSPT time is required for both these stages.
Stage 8 (Presentation of the Findings Report) involves presenting the findings report to the group of people in the appraised organisation who participated in the interviews. This presentation involves 2 CSPT staff and on average 7 company staff (this depends upon the number of the company staff that participated in the appraisal). The briefing normally lasts 1 hour. Therefore 2 person-hours of CSPT time and 7 person-hours of company time (based upon an average of 7 staff attending) are normally required for this stage.
Overall, the EPA method requires approximately 45 person-hours of the appraised organisation’s time and 42 person-hours of the CSPT appraisal team’s time. We normally try to complete the entire appraisal process over two elapsed weeks.
3   Experiences using EPA 
To date the EPA method has been used to appraise 6 separate organisations. Two of these organisations fall into the ‘medium’ category of SMEs, employing between 60-120 engineers. The other four organisations represent the ‘small’ category, having between 10-45 software engineering staff. 
The six process areas, mentioned earlier were confirmed as applicable to all companies in our sample, prior to the appraisals taking place. On average one hour was sufficient time to cover each of the process areas and all companies liked the fact that the on-site assessment could be completed within one day.
The method involved two appraisal team members. During each of the interview sessions, one of the team led the questioning while the other recorded notes. The person leading the session had a PC based tool which enabled them to make snap judgments about the interviewee responses to the questions by judging them on a discrete set of values – Red (not practiced), Amber (partially practiced), Yellow (largely practiced) and Green (fully practiced). In this way, the opinions of the questioner could also be recorded for subsequent review. A screen-shot from the tool is presented in figure 1.
During stages 6 and 7, both appraisers discussed the findings and the spreadsheets (within the tool) used to record snap judgments were revised. When both appraisers were satisfied that the scores corresponding to each of the questions within the tool were accurate, the tool produced histograms which proved very useful in judging performance against CMMI® process area goals. The tool also produced histograms for practices within goals, but these proved less useful as some CMMI® practices resulted in more questions than others and therefore some practices were subject to smoothing effects from multiple answers to a greater extent than others. This issue was not present in the histograms that were produced for the goals as at the goal level, there were always many answers to be consolidated.
The EPA method is designed as a lightweight assessment model to be used within organisations that have very little experience of software process improvement. The method relies heavily on information obtained from interviewing company personnel and performs limited cross-referencing checks (due to the limited time available for data collection and analysis).  As a result, this approach depends on the willingness of the company to engage in software process improvement. It is important that the company encourages it’s employees to answer interview questions in a truthful and helpful manner so that the resultant findings report will provide an accurate reflection of the company’s strengths and weaknesses within each of the appraised process areas. The findings report contains a list of recommendations which each company must prioritise into an action plan based upon their goals and aspirations.
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Figure 1. Screen-Shot from the EPA Tool

4	Comparison with Other Lightweight Software Process Assessment Methods.
Process assessment methods generally draw upon one of two process models: (i) ISO/IEC 15504 [7] and (ii) CMMI® [4]. Using each of these models there have been many attempts to develop lightweight process assessment methods. For example, RAPID [8], SPINI [9], FAME [10], TOPS [11], and MARES [12] are all lightweight models that are based on the ISO/15504/5 reference model. With regard to the CMMI®, the EPA method is an example of an ARC class-C compliant method. 

Anacleto et al. [13] have considered lightweight process assessment methods for small software companies. In their paper they provide criteria for comparing assessment methods and have compared most of the methods mentioned above. The next part of this paper will compare the EPA method against the other assessment methods using criteria from the Anacleto et al. [13] comparison framework. The criteria they use to compare assessment models are as follows:

1. Low cost;
2. Detailed description of the assessment process;
3. Guidance for process selection;
4. Detailed definition of the assessment model;
5. Support for identification of risks and improvement suggestions;
6. Support for high-level process modeling;
7. Conformity with ISO/IEC 15504;
8. No specific software engineering knowledge required from companies’ representatives;
9. Tool support;
10.  Public availability.
4.1	Low Cost.
After analysing the results of a survey we performed within the Northern Ireland software industry [13] we realised that in order to encourage participation (particularly in SMEs) within the local software industry that it was vital to minimise the cost of performing an appraisal. Therefore the EPA method shares a commonality with the assessment methods (RAPID, SPINI, TOPS and MARES) compared in Anacleto et al. [13] in that it is inexpensive. The EPA method requires only approximately 45 person-hours of the appraised organisation’s time (if the organization is small, then this figure will be even less) and 42 person-hours of the CSPT appraisal team’s time. 
4.2	Detailed Description of the Assessment Process.
The EPA method as in the cases of SPINI, TOPS and MARES provides a detailed description of the assessment process.
4.3	Guidance for Process Selection.
From the assessment methods compared within Anacleto et al. [13] no evidence was available to suggest that any of them provide guidance for process selection. Likewise, the EPA method does not provide guidance as to what process areas should be assessed as only six process areas have been defined and all are assessed within the appraisal. This is similar to the RAPID assessment method as it also pre-defines eight process areas. However as in the case of the MARES project the EPA method is being enhanced to provide guidance for process selection. The EPA method will in the future still provide a one day on-site assessment within six process areas however any company wishing to engage in the appraisal will now be provided with twelve defined process areas from which they may select the six process areas that will form the basis of the assessment (this will be described further in section 5.2). 
4.4	Detailed Definition of the Assessment Model.
The EPA method like other assessment methods (RAPID, SPINI, TOPS & MARES) compared in Anacleto et al. [13] provides a detailed definition of the assessment model.
4.5 	Support for Identification of Risks and Improvement Suggestions.
Most of the assessment methods (SPINI, FAME & TOPS) compared in Anacleto et al. [13] provide support for the identification of risks and improvement suggestions, with this feature also being currently developed in the MARES method. The EPA method also fulfils this criteria. In stage 6 of the EPA method results are generated with focus being placed on the risk present within each process area to achieving a particular business goal. In stage 7 the findings report is developed to focus upon strengths, risks and improvement opportunities within each of the assessed process areas.  
4.6 	Support for High-Level Process Modeling.
Most of the assessment methods compared in Anacleto et al. [13] are similar to the EPA method in that they do not provide support for high-level process modeling. In fact only one of the assessment methods (FAME) provide this feature with another (MARES) currently developing this feature. 
4.7 	Conformity with ISO/IEC 15504
All of the assessment methods (RAPID, SPINI, FAME, TOPS & MARES) compared in Anacleto et al. [13] are conformant with ISO/IEC 15504 whereas the EPA method is compliant with the ARC 1.1 requirements for a CMMI® class-C method.
4.8 	No Specific Software Engineering Knowledge Required from Companies’ Representatives.
After performing a survey within the Northern Ireland software industry [3] we realised that in order to encourage participation (particularly in SMEs) within the local software industry that it was vital to minimise the overhead on the company engaging in the appraisal. It was therefore important to design an appraisal method that could be performed within an organisation without the assessment participants from the company having to firstly undergo a training programme in relation to the assessment model. Three of the assessment methods ( RAPID, SPINI & MARES) compared in Anacleto et al. [13] also do not require the assessment participants to have specific knowledge of the assessment model. However the FAME and TOPS assessment methods require the assessment participants to have specific knowledge of the assessment model.
4.9 	Tool Support.
Tool support for the assessment methods compared in Anacleto et al. [13] appears to vary with the SPINI and FAME assessment methods having tools to assist with data collection, analysis and rating. Tool support is currently being developed for the MARES method. However, the RAPID and TOPS assessment methods do not include tool support and therefore depend upon paper forms. The EPA method provides tool support but also relies upon paper forms so that both assessors may compare data when preparing the findings report (one assessor uses the tool and the other assessor captures the interview responses using pen and paper).
4.10 	Public Availability.
Only two of the assessment methods (TOPS & MARES) compared in Anacleto et al. [13] are publicly available. The EPA assessment method is not publicly available.  
In general the EPA method fulfils most of the criteria outlined by Anacleto et al. [13] and only failed to satisfy the categories of supporting high-level process modeling and making the method available publicly (at present we have no plans to add either of these features to the EPA method). In terms of comparison with the other assessment methods the EPA method appears to satisfy as many of the categories outlined by Anacleto as any of the other assessment methods. However we feel that the EPA method could be improved and the next section describes improvements that we are currently implementing. 
5	Improving Existing Lightweight Assessment Models.
From our initial work with the EPA method and comparing it with other lightweight assessment methods we have made a number of observations in terms of how to improve these methods. These are as follows:

1. Provide more sophisticated tools
2. Provide greater choice in terms of process areas

This section describes how we are currently incorporating these new features into the EPA method.
5.1 	Provide More Sophisticated Tools
5.1.1 Introducing Speech Recognition Technology
We are currently trying to improve the effectiveness of the EPA method by automating some of the tasks that are performed by assessment teams through introducing a speech recognition and parsing system into process assessments. Although the assessment procedure was found to be generally satisfactory, the CSPT assessment team had some reservations in that the mechanics of the EPA method itself are very basic and suffer from a number of potential weaknesses:
The assessment team consists of two members. One member leads the interview within each of the process areas and makes an initial judgment as to whether a question relating to a specific CMMI® practice for that process area has been fulfilled: “Fully”, “Largely”, “Partially” or “Not at all”. The other team member is then responsible for making notes based on the responses to the questions posed within the interview. This presents a number of issues in that some questions invoke lengthy responses and this creates a problem for the note-taker. Do they try to write-down every response verbatim, or try to understand a series of responses and then summarise based upon their understanding. The following issues may arise:

1. It is difficult for the note-taker to record in full detail the responses given to interview questions during the assessment. The volume of notes is often prohibitive and with the necessity to use qualified staff during the assessment, the option of using a person with short-hand skills is impractical.

2. Where the note-taker summarises their understanding of the responses made, it is possible that some important details go unrecorded. Further, the assessment then becomes dependent on the note-taker’s proper understanding of the responses made. Simply taping the responses for later review is not practical given the time constraints on the assessment deliverables.

To create the findings report the assessment team review the handwritten notes obtained from the process area interviews and search for evidence that can be mapped against appropriate parts of the CMMI® model.  This can be quite a time-consuming process that involves serially going through each specific practice within the CMMI® model and scanning the documentation for evidence. As the CMMI® contains a large number of practices this can be quite a long and tedious task. In an attempt to resolve these issues, the CSPT is currently engaged in a project to introduce speech recognition technology into software process assessment interviews. The project is composed of two phases.
Phase 1: This phase captures speech during the EPA interviews and produces answers to assessment questions in the form of text. This will help resolve the problems highlighted in issue 1, by removing the need for a note-taker. We are currently investigating the most appropriate hardware configuration and we are hoping to resolve the difficulties of distinguishing between speakers where more than one person attempts to speak at the same time.
Phase 2: This phase enables the output from the previous phase (i.e. the text captured at EPA interviews) to be parsed for keywords. Then evidence may be categorised and mapped to appropriate sections of the CMMI® model. This phase will help resolve the problems highlighted in issue 2, by automatically mapping the responses to the model based framework. 
As no official benchmark is provided, these class C assessments provide an appropriate vehicle to use for trialing this technology. Also until we are satisfied with the performance of the project we will operate a dual system, with speech recognition technology plus note-taking both being present. Despite the initial overhead of having to use both capture techniques it is hoped that this will serve three purposes. Firstly, it will de-risk the assessment in case of technology failure due to the prototype nature of the system. Secondly, it will enable more thorough information to be captured as the note-taker’s comments will be re-enforced by the text produced from phase 1 and the mappings from phase 2, so no evidence should be omitted or misinterpreted. Thirdly, the dual capture mechanism will enable us to assess how effective the speech recognition system is in comparison to note-taking. Results and feedback received from this exercise will also enable us to fine-tune the performance of the project. Finally, whenever we are satisfied with the performance of the speech recognition and parsing system, assessment may then be performed without the need for a note-taker. This would then mean that such assessments could be performed by one person and therefore reduce the expense of the assessment.
This speech recognition and parsing system project could reduce the error-prone and tedious aspects of the EPA method and therefore improve the effectiveness of such assessments, whilst reducing some of effort required by the assessment team.

5.1.2 	Providing On-Line Re-Assessment Support 

This section describes an on-line tool that is currently being developed within the CSPT to enable software development organisations to perform a self-assessment of selected process areas. As a result of an EPA the software development organisation receives a findings report. The findings report consists of a list of strengths, issues and suggested actions for each of the assessed process areas. The suggested actions detail how the company may improve their processes in line with their business goals. It would then be desirable if periodic appraisals could be performed within selected process areas to help determine if the capability for each process area has increased over time by following the improvement suggestions provided by the CSPT assessment team. However, as the Northern Ireland software industry is mainly composed of SMEs software development companies, it would be costly, both in terms of financial expense and time for such companies to engage in regular EPAs with the CSPT assessment team. Therefore as the main purpose of the CSPT is to instill a software process improvement culture into the Northern Ireland software industry an alternative solution had to be devised. After considering a number of alternatives it was decided that the most favourable approach was to develop an assessment tool that would enable companies to perform periodic “self re-assessment” of their software processes. We have developed a prototype of the tool that fulfils the following requirements:

1. Companies are assigned unique passwords and are able to access the tool upon demand;
2. Little preparation is required prior to performing an assessment;
3. The assessment may be performed in an informal manner;
4. The tool is web-based so that it may be easily distributed to many companies;
5. The tool provides full coverage of each process area;
6. A company may only access process areas that they have previously been appraised in by the CSPT assessment team;
7. The questions within each process area are multiple choice and the possible answers are expressed in a manner that does not require an understanding of the CMMI® model. However, a facility is also provided that enables users to enter a natural language answer if they feel that none of the options fully equate to their response. A member of the CSPT assessment team then receives this response and makes a judgment;
8. It is possible to complete a process area assessment in isolation from other process areas;
9. Records of each assessment are stored and used to monitor process improvement over time. This information is also accessible to the CSPT so that empirical software process improvement information may be compiled.  
5.2 Provide Greater Choice in terms of Process Areas
The lightweight assessment models mentioned in this paper provide a very limited set of process areas from which a company may select process areas that will be assessed. In fact for most of the assessment methods the process areas are pre-defined and choice is therefore not provided.  From performing the pilot of the EPA method with six local SMEs we noted that for some companies additional process areas would have been applicable given the business goals of those companies. We are therefore currently expanding the EPA method from containing the six process areas of Requirements Management, Configuration Management, Project Planning, Project Monitoring & Control, Measurement & Analysis and Product & Process Quality Assurance to provide twelve process areas. The six additional process areas are Risk Management, Technical Solution, Verification, Validation, Requirements Development and Product Integration. A team of 5 CSPT staff have developed sets of stock questions from the CMMI® for these additional six process areas that may be used within future EPAs. 

In addition to the development of the additional six process areas stage 1 of EPA method will now also involve advising the company representatives as to how each of the process areas will assist them in meeting their business goals. Additionally, stages 1 and 3 are being enhanced to assist the company in selecting which of the available process areas should be assessed in order to provide the most benefit to the company. If the company decides that it wishes for more than the standard six process areas to be assessed then the assessment schedule will have to be extended, however our preferred option is to limit the assessment to six process areas as this enables the interviews to be completed within 1 day.
6	 Conclusion
In this paper, we described the EPA method for the lightweight assessment of software processes within small software development companies in conformance with the ARC 1.1 guidelines for a CMMI® class-C method. We then compared the EPA method with similar lightweight process assessment methods. Next we highlighted how such lightweight process assessment methods may be enhanced. Finally, we described how we are implementing our improvement suggestions into the EPA method. Future research will be required to assess to what extent adopting more sophisticated tools and a greater choice of process areas improves the EPA method. 
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