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Introduction

Abstract: This report describes Version 1.5 of the Software Capability
Evaluation (SCE) method, as taught at the Software Engineering Institute (SEI)
from January 1992 to June 1993. This version of the SCE Method is based on
the process maturity framework defined in Characterizing the Software
Process: A Maturity Framework [Humphrey 87a], which predates Version 1.0
of the Capability Maturity Mode! (CMM) described in Capability Maturity Model
for Software [Paulk 91]. The document includes a background overview of the
SCE Method and its evolution, a detailed description of the activities performed
during an SCE, and a discussion of the characteristics of the method and their
implications for the use of the method. This “as built” description provides a
baseline for future evolution of the SCE Method.

1 introduction

This report documents Version 1.5 of the Software Capability Evaluation (SCE)
method, as taught to SCE teams from January 1992 to June 1993. The report
provides a step-by-step explanation of the method and contextual information
for understanding its use in govermment acquisition and other areas. The
primary focus of this report is on what is done; less aitention is given to how it
is done. (SCE team training provides this how-to information.)

Some of the objectives for the SCE Method are that it should be reliable,
repeatable, trainable, and consistent. This document is part of ongoing efforts
at the SE! ta meet those objectives and to improve the method.

The purposes of this document are

¢ To publicly document the SCE Method, “as built.”
¢ To provide a baseline for the future evolution of the SCE Method.
¢ To provide an in-depth introduction to the method.

Achieving these purposes will clarify misunderstandings about the SCE
Method, motivate community “ownership” of the SCE Method, and help
improve consistency in how SCEs are conducted.

The report will help software acquisition managers and software development
managers to understand the details of the SCE Method. It will aiso heip SCE
teams and software engineering process groups gain a deeper insight into the
SCE Method. It is assumed that the reader has some knowledge of the SEl's
maturity framework [Humphrey 87a], the Capability Maturity Model (CMM)
[Paulk 91, Paulk 93a], some knowledge of system or software acquisition
practices within the government, and experience with software development or
acquisition.

CMU/SEI-93-TR-17 13




Introduction

This report has two major sections and several appendices. Section 1 provides
background information, a high level description of the major SCE activities,
and information about the evolution of the SCE Method. This section provides
background for Section 2, but can also be used as a stand-alone description of
the method for management or other personnel who don't need to know the
details of the SCE Method. Section 2 is the bulk of the document, and
describes in detail what is done in each step of the SCE Method. The
appendices provide additional detail to supplement the text.

14
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Introduction

1.1 Background and Context

= Software Capability Evaluation (SCE)’ is a method for evaluating the
software process of an organization to gain insight into its software
development capability. This insight can be a valuable input to process
improvement activities.

Hence, the SCE Method helps evaluate the = software process capability of
a software development organization. Software process capability means
those processes that provide an environment for development teams to
produce software products.

The processes evaluated by SCE include decision-making processes (such as
project management), communication processes (such as design reviews and
peer reviews), and technical support processes (such as integration and
test)—but not technical production processes (such as processes required by
a particular design methodology). The SCE Method does not evaluate
technical production processes such as requirements analysis, specification,
and design, but instead focuses on the management of the technical
production processes and on other key processes, as shown in Figure 1-1.

- )
Organizational Management Support
Examples: /- ~
* Policies Project Management Support
*Procedures | Examples: - ~
*Standards | < Project Product Building Operational Support
* Training planning
* Process * Project Examp les: ™y
group management * Reviews Software Development Operatwm : :
support « Configuration * Inspections Examples: a
management * Walkthroughs Reqununmt Analysxs
« Software * Integration o Specification -~ e
quality and test * Preliminary anddctailed dwgn o ,
_ | assurance _ | R
i t f
rSupport for ?uppon for rSupport for Technical
decision-making | | decision-making communication and | { production
processes and communication || technical processes | | processes
@rocesses \
(Evaluated by SCE ) (Not Evaluated by SCE )

Figure 1-1: Processes Evaluated by SCE

1.

An arrow (=) preceding a term in boldface type indicates that the term is defined in the glossary on page 123.

CMU/SEI-93-TR-17
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Introduction

The SEl's software process principles are derived from the works of Deming,
Juran, and others [Deming 86}, [Juran 88], [Juran 89], [Crosby 79}, who
promoted the idea that close attention to the processes used to create products
leads to improved product quality— i.e., the product will fully satisfy the
customer’s requirements and will be produced within existing constraints such
as cost and schedule. There are many examples of this principle and its
successful application in the manufacturing domain, but the principie can be
applied anywhere management and communication processes play an
important role in the success of an organization's mission.

The SEl's Capability Maturity Model (CMM) applies this principle to the
software development arena. The CMM defines several = key process areas
(KPAs); each KPA “identifies a c.uster of related activities that, when performed
collectively, achieve a set of goals considered important for enhancing process
capability”.! Each KPA contributes to the environment in which development
organizations create software products. Within the CMM, the KPAs are
organized into five basic levels of process maturity to describe the progression
from an ad hoc software process to one that is well defined and can act as a
stable foundation for continuous process improvement.

The SCE Method as documented here does not use either CMM V1.0 [Paulk
91] or CMM V1.1 [Paulk 93a]. The SCE Method described here corresponds to
the team training, and is based on a maturity model that predates CMM V1.0
[Paulk 91]. The maturity model used in SCE team training anticipates the CMM
in that the structure of the underlying maturity framework is the same, and in
that the KPAs in the CMM are present as either KPAs or subprocess areas in
the older maturity model. The maturity framework is derived from
Characterizing the Software Process: A Maturity Framework [Humphrey 87a].
The maturity model derived from the framework and the KPAs used in SCE
team training are described in Appendix A on page 133.

By evaluating the development organization’s software projects against the
KPAs in the maturity model, the SCE team determines whether the
development organization follows a stable, predictable software process.
Although a mature process does not guarantee a successful product, the
likelihood of success should increase as the software process matures toward
the Optimizing level. in other words, mature processes reduce the risk
associated with the planned development.

- Mark Paulk, et al. Capability Maturity Model for Software, Version 1.1 [Paulk 93a], page A-10.

16 CMU/SEI-93-TR-17
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Introduction

1.2 Overview of the SCE Method

As mentioned before, SCE is a method for evaluating the software process of
an organization to gain insight into its software development capability. An SCE
probes into the development organization’s process implementation to
establish the strengths and weaknesses in its software process capability. The
strengths and weaknesses are relative to the processes used to support
development of software products.

To evaluate software process capability, a team of four to six trained and
experienced people from the sponsoring organization use the SCE Method to
sample and analyze information about the development organization’s
implementation of the software processes. There are two major ways
information is collected: interviewing and document review. The choice of
information to be sampled is determined by the = Target Process
Capability—that is, the process capability that is most appropriate for the
planned development. The Target Process Capability consists of a set of KPAs
that will be evaluated, and establishes the boundaries of the evaluation.

Although the boundaries of the SCE are determined by the KPAs in the Target
Process Capability, the evaluation is done at a more detailed level by
examining subprocesses within the KPAs. The KPAs and subprocesses used
in the SCE Method are listed in Appendix A on page 133.

The analysis and summary of the information become the = findings of the
team. Findings document the software process strengths, weaknesses, and
observed improvement activities in the KPAs evaluated by the team. An

= improvement activity is a process improvement that is not yet
institutionalized—for example, a pilot of a new process put in place to address
a weakness identified by the organization.

Findings are used to determine risk from the implemented processes relative
to the planned development effort. How the findings are used represents the
= results of the evaluation.

The findings generated during an SCE are primarily used to determine risk for
a particular development, although the findings could also be used to pinpoint
specific areas for software improvement activities. This is a subtie but important
difference between the SCE Method and other appraisal methods such as
Software Process Assessment (SPA). During a Software Process
Assessment, one of the main objectives is to get organizational buy-in for
organization-wide improvement efforts. This is not an objective for an SCE.
Also, the results of a SPA are not normally used to determine risk for a
particular development effort, as they are in SCE.

CMU/SEI-93-TR-17 17
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The process of conducting an SCE is independent of the way the findings are
used. Specifically, conducting an SCE leads 1o a set of findings based on
strengths, weaknesses, and improvement activities observed during
interviewing and document review. The findings are independent of how they
are used. There are two primary ways that the SCE Method has been used.

1. = Source selection. This was the original reason SCE was
created and has been the major use of the method. In source
selection, the results of the SCE are used to characterize the
software process-related risk of awarding a contract to an offeror.
SCE is only one criterion among many used to select software
contractors in government acquisitions.

2. = Contract monitoring. SCE has been used in the monitoring of
an acquisition after contract award by serving as an input for an
incentive/award fee decision. SCE has also been used to help the
sponsoring organization tailor their contract monitoring efforts by
aflowing them to prioritize their efforts based on the observed
strengths and weaknesses of the development organization’s
processes. Both of these uses are new but show great promise for
the future, because they focus on a long-term relationship with a
development organization and encourage the development
organization to invest in software process improvement.

For example, suppose that the software Configuration Management (CM) KPA
was investigated during an SCE, and that the following observations were
made about the processes in use at a particular development organization site:

¢ The investigation revealed well documented procedures for the
software CM change control process.

¢ The investigation noted that no training was available for software
development personnel in the change control procedures.

* The investigation revealed an automated library system in use (but
only on one project) that supported and enforced the procedures.

¢ The investigation revealed that there was a plan in place for
implementing the library system across all of the projects.

The findings for this KPA might be that there was a strength (the well-

documented procedures), a weakness (the lack of available training), and an

improvement activity (the automated library system and the plan for

implementing it across the organization).

Because SCE has been used extensively in source selection, in the SCE team training handouts and case
study materials the terms offsror and contractor are often used to denote the development organization. The
development organization is the recipient of the SCE. Similarly, in the training materials the term acquisition
agency is often used to denote the sponsoring organization, which is the organization conducting the SCE.
This document uses the terms development organization and sponsoring organization almost exclusively in
anticipation of wider use of the method in other contexts.

18
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The resulits would depend on the use of the SCE Method. The findings belong
to the sponsoring organization and could be used in many different ways—that
is, the results could be different. For example, in a source selection, the
findings might be factored into a risk determination. The development
organization might be given a “moderate” risk rating for software Configuration
Management based on the findings, and assigned a color code of “Yellow” for
this category. This factor would be considered along with many others (such as
cost, technical evaluations, prior performance, etc.) when awarding the
contract. On the other hand, in a contract monitoring situation, the same
findings might lead the sponsoring organization to insist that the automated
library system be implemented on their development project, and some portion
of an award fee might be tied to successful implementation of a training
program in the procedures for software CM change control for their planned
development.

CMU/SEI-93-TR-17 19
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The SCE Method consists of five major activity phases: Evaluation Start,
General Preparation, Specific Preparation, Site Data Collection (or Site Visit),
and Findings. The remainder of this overview briefly explains each phase. The
phases and major activities within each SCE phase are shown in Figure 1-2.

Phase Major Activities and Outcome

e B L
Gvaluation Start ]v.:. Setsrmines e b

Specific Preparation

Site Data Collection

Figure 1-2: Phases and Major Activities of an SCE

Phase 1: Evaluation Start

In this phase, the sponsoring organization decides to use the SCE Method, and
begins preparing to conduct the SCE. This phase is performed by the
sponsoring organization. In all of the remaining phases the activities are
conducted by the SCE team.

20 CMU/SEI-93-TR-17
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The purposes of the Evaluation Start phase are to determine the role of SCE,
to determine the attributes of the desired software product and the project
required to produce it, to determine the process capability that is most
appropriate for the planned development, and to select the SCE team.

The SCE Method is performed within the context of a “larger” process such as
source selection or contract monitoring. The Evaluation Start phase is where
the relationships are established between the SCE Method and the process
that uses the SCE findings. The first steps toward use of the SCE Method begin
sometime during the preliminary planning for product development, when the
role of the SCE is determined.

To determine the role of SCE, the sponsoring organization considers how SCE
can be used in conjunction with other technical and managerial activities to
identify and mitigate risks associated with the planned product development.
The focus of the SCE is on risks associated with software process capability.
Risks not associated with software process capability need to be addressed by
other methods.

With this in mind, the sponsoring organization should define how SCE results
will be used and should determine the resources required to perform the SCEs.
At some point, the sponsoring organization decides that the potential risks to

the planned development from software process capability warrant using the

SCE Method, and the decision to use the SCE Method is made.

Planning for the SCE starts with the decision that the SCE Method should be
used. During this phase, planning for the SCE should consider

¢ Funding for personnel, training, and travel.

¢ Coordinating SCE site visits and requests for information with the
development organization(s).

¢ Scheduling time for the SCE activities within the context of the use

of the method (e.g., source selection or contract monitoring).
As a result of this planning, the sponsoring organization commits resources to
conducting the SCE.

Determining the role of SCE and planning for the use of the method may not
be done by the SCE team, but these activities are critical to the successful use
of the SCE Method. For example, to use SCE as part of the technical proposal
evaluation in source selection, the Source Selection Authority (SSA) would
have to: (1) determine the relative weight of SCE results compared to results
of other technical evaluations, (2) insert the requirements for conducting the
SCEs into the Request For Proposal (RFP), and (3) allow enough time in the
source selection schedule to train the teams and perform the evaluations.

CMUI/SEI-93-TR-17 21
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Once the decision to use SCE is made, the sponsoring organization
determines the software process capabilities needed to minimize the risk
coming from the processes likely to be used for the planned development. This
is accomplished by analyzing the attributes of the desired software product and
then determining the process capability that is most appropriate for the planned
development. The processes examined by an SCE aiways consist of KPAs
within the maturity model. The Target Process Capability establishes the
boundaries of the SCE investigation—a KPA is evaluated if and only if it is part
of the Target Process Capability.

The sponsoring organization defines the Target Process Capability by
considering the desired software product and determining the software process
capabilities required to build it. In other words, the preliminary analysis of the
product attributes puts bounds on the processes the SCE will examine.

The sponsoring organization also selects the SCE team. A team consists of
four to six experienced people from the sponsoring organization who have
completed SCE team training at the SEI. The same team is used to conduct all
of the evaluations for a particular use of the SCE Method.

The people involved with the decision to use SCE are senior software project
managers or acquisition managers and staff with software engineering
experience. Senior management or acquisition management should select the
SCE team and assign the personnel resources, and should assess the
potential impact on schedule. Staff with software engineering experience
should establish the Target Process Capability for the SCE.

When the Evaluation Start phase is complete the decision to use the SCE
Method is made, the role of SCE is established, and resources have been
committed to the effort by the sponsoring organization. In addition, analysis of
the attributes of the desired software product and the project required to
produce it are complete, the process capability desired for the planned
development is established as the Target Process Capability, and the SCE
team has been selected and trained.

The SCE team will be responsible for alt of the subsequent work in the following
phases.

Phase 2: General Preparation

The General Preparation phase consists of site visit preparation activities that
pertain to all of the development organizations equally.

22 CMU/SEI-93-TR-17
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in this phase, the SCE team completes high level preparations for evaluating
all of the developm: ~t organizations that are involved with a particular use of
the method; these development organizations are collectively referred to as the
= development organization community.

The purpose of the General Preparation phase is to define the scope of the
investigation for all of the development organizations. The scope of the SCE
consists of subprocess areas within the KPAs that make up the Target Process
Capability, and that wiil be used to evaluate all development organizations.

To achieve this purpose, the SCE team identifies those software processes
that contribute most to the potential development risk throughout the
development organization community. To do this, the team examines
information’ from each development organization about their view of the
product to be built and information about the software projects they are
submitting as candidates for evaluation.?

The attributes of the product to be built are compared to the attributes of
products developed by the projects that have been submitted as candidates for
evaluation. These comparisons identify areas in which the development
organization may lack experience, indicating potential risk.

The experience shortfalls of the individual development organizations are then
consolidated for the development organization community. The experience
shortfalls indicate areas that may have higher risk and shouid be investigated.

Based on the experience shortfalls in the development organization community
(and other factors described in Phase 2: General Preparation, Section 2.2 on
page 49), the SCE team selects subprocess areas within each of the Target
Process Capability KPAs for evaluation. These subprocess areas are called
wcritical subprocess areas, and will be investigated at all development
organization sites. Collectively, they make up the Critical Subprocess Area List
and define the scope of the SCE.

The critical subprocess areas define the scope of the SCE. In Evaluation Start,
the product was used to establish the boundaries of the investigation in terms
of KPAs; here the collective experience of the development organization

Other information is collected at the same time, including organization charts and information about the pro-
cesses in use. Information about the processes in use is collected using a questionnaire such as the one con-
tained in A Method for Assessing the Software Engineering Capability of Contractors [Humphrey 87b). This
information is used in Phase 3, Specific Preparation. In source selection, the information is normally requested
as part of the RFP.

2. The projects are submitted by the development organization based on instructions provided by the sponsoring
organization. In source selection, the requirements for selecting and submitting projects as candidates for eval-
uation are usually contained in the RFP.

CMU/SEI-93-TR-17 23
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community is used to define and tailor the scope of the SCE down to the
subprocess area level. This tailoring is necessary because of site visit time
limitations. During a site visit, it is not possible to investigate all of the
subprocess areas within the KPAs in the Target Process Capability, so a
sample is used.

The activities in the General Preparation phase establish the context for the
Specific Preparation phase (Phase 3). General Preparation as described here
applies primarily to use of the SCE Method in a source selection, where
muitiple development organizations are evaluated using the same critical
subprocess areas. In contract monitoring, the same steps should be followed
for the initial evaluation. Subsequent evaluations of the same organization
would be tailored to reflect the special needs of the contract to be monitored
and the weaknesses observed during the first evaluation.

When the General Preparation phase is complete, the SCE team will have
identified areas where the development organization community facks
experience, and will have determined the critical subprocess areas that will be
investigated for each development organization.

Phase 3: Specific Preparation

The Specific Preparation phase extends and refines General Preparation
phase activities to a particular development organization.

In the Specific Preparation phase, the SCE team completes detailed
preparations for evaluating a particular development organization site. The
activities in the Specific Preparation phase are repeated for each development
organization being evaluated.

The purpose of the Specific Preparation phase is to prepare the SCE team for
a specific site visit. To prepare for the visit, the SCE team selects projects to
evaluate and selects detailed topics for investigation. After selecting evaluation
topics, the team plans an interview strategy and identifies documentation for
the preliminary document review. The team then works closely with the
development organization’s site visit coordinator to coordinate interview
schedules, request documentation for review, and to arrange for the facilities
the team will require during the site visit.

The critical subprocess areas selected during the General Preparation phase
are investigated for each development organization; however, subprocess
areas are too broad to be probed directly. Topics address observable work
practices and are used to probe the process implementation that corresponds
to the critical subprocess areas. A = topic defines a specific subject that will

24
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be probed during the investigation. For example, a topic might be, “investigate
whether the organization has organization-wide standards and procedures for
the software configuration management change control process.”

Topics are developed by considering = elements; eilements are
implementation characteristics that are common to every subprocess area.
(The elements used in the SCE Method are defined in Appendix A on page
133.) For example, every process should have corresponding training and
should also have documented procedures and standards; “training” and
“procedures and standards” are two of the elements that can be used to
develop topics for investigation.

When the Specific Preparation phase is finished, the SCE team will be ready
to perform the activities in the Site Data Collection phase. The team will have
determined what topics will be investigated (and to what level), whom they
need to talk to, what questions they need to ask during exploratory interviews,
and which documents they will review first. The development organization will
have prepared the facility for the team, will have the requested documentation
on hand, and will have ensured that the interviewees are available.

Thorough preparation is essential, because the amount of information to be
considered during the brief Site Data Collection phase will overwhelm the SCE
team members if they are not sufficiently prepared.

Phase 4: Site Data Collection (Site Visit)
The Site Data Collection phase is the crux of the SCE Method. During the Site
Data Collection Phase, the SCE team investigates the processes at a particular
development organization site.

The pumpose of Site Data Collection is to investigate the topics associated with
each critical subprocess area in enough depth to determine the strengths,
weaknesses and improvement activities for the corresponding subprocess
area. Although the purpose is simple, this is the most complicated activity
during an SCE, and puts the team in direct contact with many of the
development organization’s personnel.

To successfully complete the investigation, the team needs to have a good
working relationship with the development organization’s site visit coordinator.
This relationship builds on the previous contacts with the site visit coordinator
made during the preparation activities. The team should also maintain high
standards of professional conduct; this helps to establish their credibility and to
increase the level of cooperation they receive from development organization
personnel.
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After setting expectations for the site visit with an entry briefing, the team starts
the data collection activities. Site data collection has two basic components:
investigation of the topics and decision making about the information collected.
These components are applied iteratively until a decision has been made about
each topic under investigation; this is summarized in Figure 1-3 below.

Start:
Arrive
on site.

topics

Decision Making

Figure 1-3: A Flow Chart of the Site Data Collection Activities

The SCE team uses two complementary mechanisms to investigate a topic:
document review and interviews.

Documents can be used to define and standardize processes, indicate
commitment to use the processes, provide an audit trail of processes that were
used, and collect data about process pertormance. Reviewing documents can
provide objective evidence of the processes used. A fundamental assumption
of the SCE Method is that if a process is not documented, there is no guarantee
that it will be followed.

26
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Interviews give insight into how the processes are implemented in practice and
show the extent that processes are internalized and understood by the
development organization staff. There are two types of interviews used during
an SCE: exploratory interviews and consolidation interviews. During
exploratory interviews the questions and answers reveal the actual processes
practiced and guide the team to the supporting documentation. Consolidation
interviews focus on corroboration and clarification of evidence.

The team members record the results of the investigations into each topic for
use in decision making.

Decision making is done by consensus in an ongoing team caucus. In caucus,
the team asks the question “Do we have enough information to reach a
consensus about this topic yet?” The team must agree that there are at least
two pieces of evidence supporting the decision. If the evidence is not
conclusive, a new round of interviewing and/or document review is planned
and initiated. Decisions resulting in a determination that there is a strength,
weakness, or improvement activity associated with one of the topics under
investigation are recorded for use in the Findings phase.

When the Site Data Collection phase is finished, the SCE team members are
ready to generate their consolidated findings. The information recorded during
Site Data Collection is the support for the findings.

Phase 5: Findings

The Findings phase completes the SCE. During the Findings phase, the SCE
team documents the results of the investigation.

The findings are actually generated during the site visit, although the final
report of the findings may be done later. The Findings phase is treated
separately to clearly indicate the end of the SCE activity and to separate the
SCE Method activities from the use of the findings in a source selection or
contract monitoring context.

The purpose of the Findings phase is to consolidate the decisions made during
the Site Data Collection phase. This purpose is accomplished by “rolling up” the
decisions that were made about specific topics and subprocess areas into
findings at the KPA level.

Findings are expressed in terms of the strengths, weaknesses, and
improvement activities that were observed by the team. Ideally, the SCE team
presents the findings to the development organization during an exit briefing.
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When the Findings phase is complete, the detailed decisions made during the
Site Data Collection phase about the subprocess area topics will be
consolidated and summarized by KPA. A formal final report will be generated
for the sponsoring organization to use; how the findings report is used depends
on the context.

. In some cases the source selection authority may not allow the findings to be presented to the development

organization, or may specify that findings be presented after contract award.
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1.3 Evolution of the SCE Method

The version of the SCE Method documented here was derived from the original
version of the method, described in A Method for Assessing the Software
Engineering Capability of Contractors [Humphrey 87b]. The original SCE
Method was developed to support source selection in major government
software acquisitions. While the major activities of interviewing and document
review have remained the same, other aspects of the SCE Method have
evolved significantly as a result of feedback from users of the method and from
observing the effect of SCEs on industry.

The major changes in the method to date are the following:

¢ Elimination of maturity level scores.

¢ Shift from a “question-based” to a “model-based” method.

* Refinement of the KPAs to include subprocess areas.

* Focusing SCEs based on risk for a specific development.

* Decomposition of the method into discrete phase and steps.

* Public baselining of the SCE Method through publishing the

Software Capability Evaluation Version 1.5 Method Description.
Each of the major changes is described below, along with a brief rationale for
the change. It is important to note that these changes did not occur in a strict
sequence; often the changes happened concurrently.

Elimination of maturity level scores
The SCE Method no longer calculates a maturity level “score”—that is,
development organizations are not rated as a “Level 1" or “Level 2"
organization during an SCE.

Maturity level scores can be useful to describe goals, or for process
improvement efforts, especially when a development organization is initiating
process improvement efforts. However, feedback from SCE teams indicated a
need for more specific information about the underlying process capabilities of
the development organizations. This type of information was needed because
the sponsoring organizations needed to understand the detailed aspects of the
underlying processes that might indicate potential risk to a planned
development. Furthermore, there was a temptation for the sponsoring
organizations tv use the maturity level score as a “grade,” obscuring pertinent
information about process-related strengths, weaknesses, and improvement
activities associated with the planned development.

These considerations led to the current method of reporting strengths,
weaknesses, and improvement activities in the SCE findings.
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Shift from a “question-based” to a “model-based” method

Originally, the goal of an SCE was to validate the development organization’s
responses to the questions on the Maturity Questionnaire, ' but now the goal of
an SCE is to evaluate the underlying KPAs. This change shifted the emphasis
of an SCE from the questions in the Maturity Questionnaire to the KPAs in the
maturity model.

The original SCE Method relied on the Maturity Questionnaire to “sample” a
development organization’s software process. information was collected to
verify that the organization’s responses to the questionnaire were based upon
actual practice, and then to determine the organization’s software process
capability by scoring the validated responses. This was the “question-based”
SCE Method.

Feedback from SCE users indicated that a more versatile and robust sampling
mechanism was needed to ensure adequate coverage of the key processes.
For example, not all of the KPAs were covered adequately by questions, and
some questions were not based on KPAs at all. There were two issues: (1)
teams needed a broader range of processes to draw the sample from, and (2)
the sample had to be drawn from a finite set of process areas that were known
to contribute to software process capability. These issues were addressed by
using the KPAs in the maturity model as a basis for selecting processes to
evaluate.

By 1989, the SCE emphasis had started to shift away from validating the
Maturity Questionnaire responses to a more direct evaluation of the underlying
KPAs. The current SCE Method uses a questionnaire 2 as one tool to provide
the teams with some initial information before the site visit. The information is
one of the inputs considered when the team selects the topics for investigation
on site.

SCE teams currently use KPAs to define the boundaries of an SCE at the
highest level. Using KPAs gives the SCE teams a stable and robust framework
for evaluating software process capability. The KPAs to be evaiuated can be
selected and tailored based on the needs of the planned development.

The “Maturity Questionnaire” refers to the “Assessment Recording Form” and the questions associated with it
that are defined in A Method for Assessing the Software Engineering Capability of Contractors [Humphrey

During 1992 and 1993 SCE teams used the “Maturity Questionnaire” from A Method for Assessing the Soft-
ware Engineering Capability of Contractors [Humphrey 87b]. A questionnaire based on CMM Version 1.1 is
under development, The new questionnaire will be used by the SCE Method to provide initial data inputs to an
SCE after CMM 1.1 is incorporated into the method.

30

CMU/SEI-93-TR 17




e e ——

Introduction

The shift from a question-based to a model-based method and the elimination
of maturity level scores represent a major “paradigm shift” in the SCE
Method—from validating answers to a fixed set of questions in order to assign
a maturity level score to selectively sampling KPAs and determining the
associated strengths, weaknesses, and improvement activities.

Refinement of the KPAs to include subprocess areas

The KPAs in the maturity model were refined to include subprocess areas.
Also, a set of elements common to all of the subprocess areas was defined to
help the teams select topics to be evaluated.

Because of the shift away from the question-based method, SCE teams no
longer evaluate information related to specific questions on the Maturity
Questionnaire. Rather, they evaluate each KPA by observing and collecting
information about the process implementations being used.

The KPAs are general in nature, and each KPA represents many possible
process implementations. To evaluate the KPAs, the SCE teams needed a
method to focus the investigation down to the level of observable work
practices. The method for focusing the investigation had to help the teams
select specific topics to be evaluated, yet ensure that the resulting evaluation
stayed within the boundaries of the KPAs.

To help SCE teams evaluate KPAs effectively, each KPA was further refined
into a set of subprocess areas. A set of elements common to every subprocess
area (regardless of KPA) was defined; these elements are used to generate
specific topics for evaluation. The topics derived in this way focus the
investigation of the subprocess area. The results are “rolled up” into strengths,
weaknesses, and improvement activities associated with the corresponding
KPA.

As an example, a topic for investigation might be investigating the “procedures
and standards” element of the “change control process” subprocess area
within the software Configuration Management KPA.

Collectively, subprocess areas and their common elements improved the SCE
team’s ability to probe specific software process capabilities. The subprocess
areas currently used in the SCE Method and their associated KPAs are listed
in Appendix A on page 133, along with the elements used to derive topics.

Focusing SCEs based on risk for a specific development

The preparatory steps conducted before using the SCE Method were changed
to focus each SCE on the software processes that contribute the most to risk
for the planned development.
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When the method was question based, SCE teams looked at essentially the
same software processes each time the method was used. But by emphasizing
the KPAs and subprocess areas, the method now allows an SCE team to select
the areas for evaluation that are most important for the given use of the
method.

The way an SCE is focused is through selection of the KPAs and subprocess
areas for evaluation. The KPAs and subprocess areas are selected based on
the attributes of the desired product and experience shortfalls within the
development organization community relative to the planned development.
The product attributes can indicate inherent risks, and experience shortfalls
can indicate potential process-related risk.

The strengths and weaknesses observed in the process implementation form
a picture of the software process-related risk to the planned development.

Decomposition of the method into discrete phases and steps

The method was decomposed into five activity phases, each containing several
discrete steps.

This change was the result of a desire for greater consistency in the SCE
Method, and of ongoing efforts to improve the SCE team training. The other
evolutions of the method discussed earlier improved the versatility and utility of
the SCE Method, but also increased the complexity of the method.
Decomposition of the SCE Method into phases and steps clarified several
issues related to the transition from a “question-based” method to the current
“model-based” method.

The current SCE Method has 24 discrete steps, which are divided into the 5
activity phases introduced earlier. The steps in the SCE Method are described
in detail in Section 2 of this document.

Public baselining of the SCE Method Description

Publication of this document provides the first public description of the method
since publication of A Method for Assessing the Software Engineering
Capability of Contractors [Humphrey 87b).

Before this document was published, detailed information about the SCE
Method was only available only through SCE team training, which was
available only to government teams.

Feedback from both industry and govemment indicated the need for an SCE
Method baseline, and for “stakeholder” involvement in the future evolution of
the SCE Method. This document provides that baseline.

32

CMU/SEI-93-TR-17




Introduction

This document gives the SCE Method a basis for controlled, public evolution in
the future, and will help to make the SCE Method more consistent.

Impact of major changes

The changes described above document the evolution of the SCE Method from
a “question based” to a more general “model based” evaluation method. The
changes have made it easier to tailor an SCE to the needs of the product being
developed. They improve the utility and versatility of the method by providing
more thorough and detailed guidance to users of the method. Finally, the
changes provide a baseline for orderly public evolution of the method in the
future.
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2 The SCE Process

This section describes the steps in the SCE Method in detail, with the primary
focus on what is done; less attention is given to howit is done. In SCE team
training, several forms are used as examples of how to capture and preserve
information during an SCE; copies of these forms are provided in Appendix B
on page 149. The forms used in training are conceptual in nature; they indicate
information needed to conduct an SCE, but they are not mandatory.

This section is intended for people who need more detail about the SCE
Method than was provided in Section 1. The purposes of this section are to
publicly document the SCE Method (“as built”), and to provide an in-depth
introduction to the method. Realizing these purposes will help to clarify
misunderstandings about the SCE Method and will help improve consistency
in how SCEs are conducted.

The SCE Method has 24 steps, which are grouped into the 5 phases of activity
introduced in Section 1.2 (see Table 2-1 on page 37). The structure of this
section paraliels the structure of the method, but emphasizes the steps within
the phases rather than the phases. Discussion of each phase begins with a
short overview of the phase that includes a diagram and a table of the steps in
the phase. The discussion continues with a detailed description of the steps
within the phase, and ends with a short summary that illustrates how the steps
fit together.

Each step is described by providing a common set of information: the step
name and number (for reference), inputs (or requirements for starting), actions
taken and people involved (who does what), the purpose of the step (why),
expected outcome (including outputs), and notes (to provide additional detail,
caveats, special instructions, and so on).

There are some activities that span multiple phases or steps in the SCE
Method. For example, information is requested from the development
organization(s) in several of the phases, and proper scheduling of the site visit
is crucial to the success of Phase 4, Site Data Collection. These activities are
critical for integration of the steps in the SCE Method that are described in this
section. Because the discussion requires some knowledge of the activities in
the steps but doesn't fit within the description a single step, these items are
discussed in Coordination of SCE Activities, Section 2.6 on page 104.

A high-level summary of the 5 phases and their major information interfaces is
shown in Figt re 2-1 on page 36. This diagram sets the stage for the remaining
discussion, and is followed by a table that lists the steps within the phases
(Table 2-1 on page 37).
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A more detailed summary of the method is provided in Table 2-1, below. The

table lists the phases, the steps within the phases, the primary purpose for
each step, and a page number for easy reference. The first three phases

collectively define the activities conducted before the site visit, the last two
phases include the site visit and post site visit activities.

Phase Step Purpose Page
Phase 1: 1. Develop Target Product | Understand attributes of the software product and | page 42
Evaluation Profile the project required to produce it.
Start
2. Determine Target Determine the process capability that is most page 43
Process Capability appropriate for the planned development—the
Target Process Capability.
3. Select Team Have a trained team in place to execute the SCE. | page 45
Phase 2: 4. Create Experience Table | Identify areas where the development i page 52
General organizations lack experience, indicating a
Preparation potential for risk.
5. Create Critical Define and document the scope of the SCE, in page 55
Subprocess Area List terms of critical subprocess areas within the
Target Process Capability KPAs.
6. Originate Validation Record the set of critical subprocess areas for all | page 59
Worksbeets development organizations on forms that can be
used in subsequent information collection efforts.
Phase 3: 7. Select Projects to Select projects for evaluation that give the most | page 64
Specific Investigate insight into the processes that will be used.
Preparation - - -
8. Develop Key Issue Create a consolidated list of key issues for page 66
Worksheet investigation at the development organization
site.
9. Develop Topic Lists Select topics for probing the process page 69
implementation; topics define observable work
practices that map to the critical subprocess areas.
10. Add Topics to Validation | Capture the consolidated topic list for use at a page 73
Worksheet particular site.
11. Prepare for Exploratory | Develop detailed interview strategy, including the | page 73
Interviews team’s decisions on who will be interviewed,
when they will be interviewed, and what they will
be asked.
12. Prepare Entry Briefing Establish the agenda for the initial organization page 76

meeting and set initial expectations for the site
visit

Table 2-1: Summary of Phases and Steps in an SCE
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Phase Step Purpose Page
Phase 4: 13. Conduct Initial Clarify expectations of the SCE site visit. page 82
Site Data Organization Meeting
Collection - . - .
14. Conduct Initial Determine the degree to which the organization page 83
Document Review and project-level documentation define and
support standard processes for the KPAs and
subprocess areas under investigation.
15. Conduct Exploratory Provide insight into how the subprocess areas are | page 85
Interviews implemented in practice; determine the extent
that processes have been interalized by the
development organizations; identify critical
implementation-level documents.
16. Hold Team Caucus Analyze, share, and consolidate information in page 86
order to reach conclusions about topics.
17. Conduct Document Search for objective evidence of how processes page 87
Review are implemented at the working level.
18. Develop Preliminary Articulate conclusions about the subprocess areas | page 88
Findings based on the information available; guide
subsequent information-gathering efforts.
19. Create Consolidation Plan and initiate further data collection. page 92
Plan
20. Conduct Consolidation | Clarify any remaining issues by confirming or page 93
Interviews negating candidate findings through further
interviews.
21. Conduct Final Clarify any remaining issues by confirming or page 93
Document Review negating candidate findings through further
document review.
Phase 5: 22. Determine Findings Validate the preliminary findings and consolidate | page 99
Findings them by KPA.
23. Produce Findings Report | Document the SCE activities and provide a page
formal record of the findings. 100
24. Conduct Exit Briefing Provide feedback to the recipient and conclude page
the SCE. 101

Table 2-1: Summary of Phases and Steps in an SCE

(continued)
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Phase 1: Evaluation Start

2.1 Phase 1: Evaluation Start

In this phase, the sponsoring organization decides to use the SCE Method and
begins preparing to conduct the SCE. This phase is performed by the
sponsoring organization; in all of the remaining phases the activities are
conducted by the SCE team.

The purposes of the Evaluation Start phase are to determine the role of SCE,
to determine the attributes of the desired software product and the project
required to produce it, to determine the process capability that is most
appropriate for the planned development, and to select the SCE team.

The SCE Method is performed within the context of a “larger” process such as
source selection or contract monitoring. The Evaluation Start phase is where
the relationships are established between the SCE Method and the process
that uses the SCE findings. The first steps toward use of the SCE Method begin
sometime during the preliminary planning for product development, when the
role of the SCE is determined.

Determining the role of SCE consists of defining how the results can be used,
deciding how SCE will fit in with any other technical and management
evaluations of the development organization(s), and making a decision to use
the SCE Method.

Planning for the SCE starts with the decision that the SCE Method should be
used. During this phase, the people planning for the SCE should consider

¢ Funding for personnel, training, and travel.

¢ Coordinating SCE site visits and requests for information with the
development organization(s) (see Sample Site Visit Schedules on
page 114 and Information Request Timetable on page 117).

¢ Scheduling time for the SCE activities within the context of the use
of the method (e.g., source selection or contract monitoring).

The information from the development organization is not used during this
phase, but must be available when needed in the later phases. The information
requested includes a Proposed Project Profile, six to eight Project Profiles for
the projects that are candidates for evaluation, and organization charts for the
projects and the organization. Questionnaire responses are usually requested
at this time. In source selection, the information is usually requested in the
RFP. In contract monitoring, an official request for the information is made.

Once the decision to use SCE is made, the sponsoring organization
determines the software process capabilities needed to minimize the risk
coming from the processes likely to be used for the planned development. This
is accomplished by analyzing the attributes of the desired software product

CMU/SEI-93-TR-17




“

Phase 1: Evaluation Star

(Step 1), then determining the process capability that is most appropriate for
the planned development (Step 2). The desired process capability is
documented as the Target Process Capability and establishes the boundaries
of the investigation—a KPA is evaluated if and only if it is part of the Target
Process Capability. The sponsoring organization must also select the SCE
team (Step 3). It is recommended but not necessary that these steps be
performed in sequential order.

The people involved with the decision to use SCE are senior software project
managers or acquisition managers and staff with software engineering
experience. Establishing the Target Process Capability for the SCE should be
done by staff with software engineering experience, possibly with help from
SCE team members. The SCE team will be responsible for ali of the
subsequent work in the following phases.

Figure 2-2 on page 41 provides a high-level diagram of the steps in this phase.
The diagram is followed by a table that summarizes the steps, the purpose of
each step, and provides a page number for reference.

40
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Phase 1: Evaluation Start

The table below provides an overview of the steps in this phase.

Phase

Phase 1:
Evaluation
Start

Step Purpose Page
1. Develop Target Product | Understand attributes of the software product and | page 42
Profile the project required to produce it.
2. Determine Target Determine the process capability that is most page 43
Process Capability appropriate for the planned development—the
Target Process Capability.
3. Select Team Have a trained team in place to execute the SCE. | page 45

=4

- Input
# {
Action
B; Purpose

Table 2-2: Overview of Phase 1

Step 1 Develop Target Product Profile

The inputs to Step 1 are the decision to use the SCE Method, and the context
in which the method is used. Here are examples of inputs that depend on the
context:’

* |n source selection, the information known about the desired
software product before release of the RFP.

* In contract monitoring, the established attributes of the project to be
monitored.

* In a process improvement effort, a conceptual idea of the typical

product or range of products that the development organization

desires the capability to produce.
The sponsoring organization generates a profile of product attributes (the
Target Product Profile) for the product to be developed. The attributes used in
SCE are defined in Appendix C on page 171.

Since the product has not yet been developed, the sponsoring organization
estimates most of the attributes. An example Target Product Profile is shown
in Table 2-3 (also see Appendix B on page 149).

The Target Product Profile should be developed by people with software
engineering experience, possibly with inputs from systems engineers. If the
SCE team members have been selected (see Step 3), they should help with
this effort.

The purpose of this step is for the sponsoring organization to understand the
attributes of the software product to be developed and the project required to
produce it. The sponsoring organization must understand the nature of the
development product before the development organization’s process can be
evaluated in the proper context.

1 For simplicity, these inputs are omitted from the step diagrams.
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Phase 1: Evaluation Start

Outcome The direct output is the Target Product Profile, used as an input to Steps 2, 3,
5, and sometimes Steps 4 and 7. The primary outcome is a better
understanding on the part of the sponsoring organization of the product to be
developed. That understanding is communicated to the SCE team through the
Target Product Profile.

Notes The first column in Table 2-3 shows the attribute type. Attributes are organized
into major and minor categories (see Appendix C on page 171 for a list of major
and minor attributes and their definitions). The second column lists attribute
names. The third column lists an example of a Target Product Profile.

Major attributes significantly impact the implementation of the software process
environment that supports product development.
Minor attributes primarily impact implementation details within the environment
that supports the software developers.
Attribute Type Attribute Name Target Product Profile
Major Application Domain Command and control
Product Type ASW helicopter/sono-buoys
Size 24 months, 100 software engineers, 300 KSLOC
Type of Work Full development
Operational Precedence No
Minor Language(s) Ada
Target(s) M68000
Applicable Standards DoD-STD-2167A, 2168
Customer NAVAIR

Table 2-3: Attributes and Target Product Profile

Step 2 Determine Target Process Capability

Input

Action

The Target Product Profile from Step 1 is used along with the key process
areas (KPAs) from the maturity model (see Figure 2-3 on page 44, aiso see
Appendix A on page 133).

The sponsoring organization determines the key process areas (KPAs) to be
evaluated at each development arganization site. These KPAs form the
boundary, or Target Process Capability, of the evaluation. The recommended
the Target Process Capability encompasses the KPAs within the Repeatable
and the Defined levels as shown in Figure 2-3 on page 44; this is the default.
At a minimum, the Target Process Capability must include at least the
Repeatable level KPAs.
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Target Process Capability: Configuration Management
includes Repeatable KPAs Software Quality Assurance

Purpose

Qutcome

Notes

This step should be done by senior people with software engineering
experience who have a good understanding of the Target Product Profile
attributes and software process concepts. Since SCE team members use the
output of this step, they should help with this effort if they have been selected
(Step 3).

This activity establishes the boundaries of the evaluation at a high level. The
same KPAs are the basis for evaluation at all development organization
sites—a KPA is evaluated if and only if it is in the Target Process Capability.
Development organizations must understand what to expect when an SCE is
conducted; the Target Process Capability can be used to communicate the
boundaries of the SCE to the development organizations.

Maturity Level Key Process Area

Optimizing Process Improvement
Defect Prevention

Managed Process Measurement and Analysis
Product Quality Management

Project Management
Minimum Project Planning

(none)

Figure 2-3: Key Process Areas and Target Process Capability

The purpose of this step is to determine the process capability that is most
appropriate for the planned development and to document the desired
capability as the Target Process Capability.

The output of this step is the Target Process Capability, which defines the
boundaries of the evaluation at the KPA level. The Target Process Capability
is an input to Steps 3, 5, 8, and 12.

In source selection, Steps 1 and 2 are accomplished before the RFP is
released.
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A considerable amount of information is collected from the development
organization(s) between the time Steps 1 and 2 are completed and the first site
visit occurs (see Section 2.6, Coordination of SCE Activities, page 117.)
Planning this data collection effort and defining how the SCE teams will interact
with the development organizations is critical to successful use of the SCE
Method.

To be assured of performance at a particular maturity level, all of the KPAs at
all levels through the highest level desired must be included. Although maturity
level scores are no longer part of an SCE, the requirement to use at least the
Repeatable level KPAs has been kept. This was done because there is little
chance of benefit from Defined level capability if the Repeatable level KPAs are
not implemented effectively, while lack of Repeatable level capability
significantly increases risk. There are few' organizations that effectively
implement all of the KPAs in the recommended default Target Process
Capability (Repeatable and Defined level KPAs); since very few development
organizations demonstrate the higher levels of maturity, the recommended
Target Process Capability is sufficient at this time.

Step 3 Select Team

Input

Action

The Target Product Profile from Step 1 and the Target Process Capability from
Step 2 may be inputs.

The sponsoring organization selects the individuals who will conduct the SCE.
The selection of an SCE team must be completed in this phase so that the
individuals can be assigned to the team and trained in the SCE Method, and
can go through normal team building activities prior to planning and conducting
the steps in the remaining SCE phases.

All team members must be trained. If the sponsoring organization selects
someone who is not trained, they must schedule training and allow enough
time for completion of training before conducting the remaining steps of the
SCE.

Team selection should be accomplished by someone senior enough in the
organization to commit the resources for the duration of the period that SCEs
will be performed.

The Target Product Profile and Target Process Capability help define the
expertise the team needs. The team requires expertise in each of the KPAs in
the Target Process Capability and should have expertise with the product type
and application domain from the Target Product Profile.

1. According to An Analysis of SEI Software Process Assessment Results: 19871991, by David H. Kitson and

Steve Masters [Kitson 92].
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Purpose

OQOutcome

Notes

The purpose of team selection is to have a trained team in place to plan and
execute the remaining steps of the SCE.

The desired outcome is a skilled and compatible team to be trained in the SCE
Method. The SCE team can be considered to be the output of this step.’

The SCE team can be selected before completion of Steps 1 and 2. If this is
done, the team members can assist with those activities. Altemnatively, the
team leader can be selected and take responsibility for working the other
Evaluation Start phase activities, including selection of the other team
members.

The same team should conduct all SCEs for a particular use of the method,
especially in source selection, where consistency of results across the
development organizations is essential. Once the team is established, the
team should be left intact for continuity of effort.

SCEs are conducted by a team to avoid individual bias, and SCE findings are
made by consensus. There is no rank associated with team members during
team deliberations; in this respect the team is like a jury.

Each individual on the team is important to the success of the SCE. The
individuals must possess the right qualifications to participate on the SCE
team, and the team must have the right balance of skills and experience.

For a team to be successful, several criteria must be met. These criteria are
discussed below; they include training, team composition, team leadership,
team member experience and knowledge, individual skills, and team
development skills.

Training. All team members must be trained in the SCE Method. Team
members trained previously may require additional training, particularly if the
training was conducted before 1992.

Team Composition. At a minimum, the SCE team members must have an
average of seven years of software development or software management
experience; software acquisition experience is also helpful. At least two team
members should have participated in previous SCEs. No more than one team
member should have less than two years of professional software experience.

Leadership. Ideally, the team leader should be an experienced individual who
has participated in two or more SCEs as a team member.

1.

The SCE team is not listed on the step diagrams as an output.
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Team member experience and knowledge. Collectively, the team must have
knowledge of and experience with

¢ The application domain and product type.

¢ The management processes required to create an effective
environment for the engineering and development of a software
product.

¢ The major phases that engineering and development of a software
product must go through.

e The support processes and management environment required to
reduce or eliminate unnecessary rework within the engineering and
development of a software product.

¢ The relationship between technology (in the form of methods and
tools) and the support processes.

Individual skills. Each SCE team member must have the practiced skill to

¢ Play all the roles required of an SCE team member (e.g., leader,
facilitator, recorder, and participant).

e Conduct SCE interviews (e.g., make an interviewee feel at ease,
ask open-ended yet focused questions, keep the interviewee on
track).

¢ Separate what an interviewee says from what the listener hears

(i.e., to be consciously aware of their own paradigms which act as

filters and translators of what is said).
Team development skills. All of the SCE team members must actively work
at the initial team building and, once built, at continued development of the
team. This requires skills in consensus building, conflict resolution, negotiation,
and decision making.

The criteria described above are necessary, but do not guarantee success.
The team must work well together under stress. Whenever possible, the team
should engage in extensive team building activities before the first site visit,
possibly including a practice SCE site visit.

CMU/SEI-93-TR-17
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Summary of Phase 1 Evaluation Start

The Evaluation Start phase is where the SCE Method interfaces with the
acquisition or contract monitoring process.

When the Evaluation Start phase is complete the decision to use SCE is made,
the role of SCE is established, the boundarics of the SCE are established at
the KPA level, and the SCE team is trained and in place.

In Steps 1 and 2 collectively, the sponsoring organization determines the
software process capabilities needed to minimize the risk related to the
processes likely to be used for the planned development. In Step 1, the desired
software product is analyzed, and the Target Product Profile is created. The
Target Product Profile is an estimate of the basic software product attributes of
the product to be developed and the project required to produce it. In Step 2,
personnel with software engineering experience use the Target Product Profile
information and their knowledge of software processes to determine the Target
Process Capability—that is, the process capability that is most appropriate for
the planned development. The Target Process Capability defines the
boundaries of the SCE at the KPA level; these (and only these) KPAs will be
evaluated at all development organization sites.

Selecting an SCE Team (Step 3) requires planning and an organizational
commitment to use SCE. Commitment is shown by allocating personnel
resources to the SCE t_...a; planning is needed to ensure that adequate time
is factored into the schedule for training and for performing the SCE site visits.

The SCE team will be responsible for all of the subsequent work "1 the following
phases. The Target Product Profile and Target Process Capability defined in
this phase are used in Phase 2, General Preparation.

Before Steps 4 and 5 in the General Preparation phase, the team will need
information from the development organization, including the Proposed Project
Profile, Project Profiles for the projects that are candidates for evaluation, and
organization charts and information. Usually, questionnaire responses are also
requested at this time (see Information Request Timetable on page 117). This
information provides the development organization’s view of the product to be
built and provides information about the projects that the development
organization is submitting for evaluation. The sponsoring organization must
request the information during this phase so it is available when needed.
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2.2 Phase 2: General Preparation

The General Preparation phase consists of site visit preparation activities that
pertain to all of the development organizations equally.

In this phase, the SCE team completes high-level preparations for evaluating
all of the developmen. organizations that are involved with this use of the
method. The General Preparation phase starts when the SCE team has
received all of the information requested from the development organization(s)
during Phase 1, Evaluation Start.

The purpose of the General Preparation phase is to define the scope of the
investigation for all of the development organizations. The scope of the SCE
consists of subprocess areas within the KPAs that make up the Target Process
Capability, and will be used to evaluate all development organizations.

To achieve this purpose, the SCE team identifies those software processes
that contribute most to the potential development risk throughout the
development organization community. To do this, the team examines
information from each development organization about their view of the
product to be built (in the form of a Proposed Project Profile). The team also
examines preliminary information from each development organization about
the software projects they are submitting for evaluation (in the form of Project
Profiles).

The various profiles from the development organization are compared to
identify areas where the development organization may lack experience,
indicating potential risk. The experience shortfalls of the individual
development organizations are then consolidated for the development
organization community (Step 4). The experience shortfalls indicate areas that
may have higher risk, and should be investigated.

Based on the experience shortfalls in the development organization community
(and o*er factors described in Step 5), the SCE team selects subprocess
areas wunin each of the Target Process Capability KPAs for evaluation (Step
5). These subprocess areas are called critical subprocess areas and will be
investigated at all development organization sites. Collectively, they make up
the Critical Subprocess Area List and define the scope of the SCE.

A set of Validation Worksheets is created for each development organization,
one for each subprocess area on the Critical Subprocess Area List (Step 6).
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The information in the Proposed Project Profile and the Project Profiles must
be requested sufficiently in advance of Step 4 to aliow the development
organization(s) time to respond (see Information Request Timetable on page
117). In source selection, these are typically requested as part of the RFP.

The activities in the General Preparation phase establish the context for the
Specific Preparation phase (Fhase 3). General Preparation as described here
applies primarily to use of the SCE Method in a source selection context, where
multiple organizations will be evaluated using the same subprocess areas. In
a contract monitoring effort, the same steps should be followed for the initial
evaluation. Subsequent evaluations could use a tailored subset of the Critical
Subprocess Area List developed for the initial evaluation. During preparations
for a subsequent evaluation, the team should concentrate on changes
implemented since the previous evaluation. The team should also consider the
special needs of the contract to be monitored and the weaknesses observed
during the previous evaluation. Each evaluation in tumn acts as a baseline when
preparing for the next one.

Figure 2-4 on page 51 provides a high-level diagram of the steps in this phase.
The diagram is followed by a Table 2-4 on page 52, which summarizes the
steps, the purpose of each step, and provides a page number for reference.

50
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The table below provides an overview of the steps in this phase.

Phase Step Purpose Page
Phase 2: 4. Create Experience Table | Identify areas where the development page 52
General organizations lack experience, indicating a
Preparation potential for risk.
5. Create Critical Define and document the scope of the SCE, in page 55
Subprocess Area List terms of critical subprocess areas within the
Target Process Capability KPAs.
6. Originate Validation Record the set of critical subprocess areas forall | page 59
Worksheets development organizations on forms that can be
used in subsequent information collection efforts.

Table 2-4: Overview of Phase 2

Step 4 Create Experience Table

Input

The inputs to this activity are

¢ The Target Product Profile from Step 1.
* The Proposed Project Profile from the development organization.

¢ A Project Profile for each of the projects that has been submitted for
evaluation by the development organization.
The Proposed Project Profile is created by the development organization, and
consists of an attribute profile similar to the Target Product Profile created by
the sponsoring organization in Step 1, except the Operational Precedence
attribute is replaced by the subcontracting attribute. The Proposed Project
Profile describes the development organization’s view of the proposed project.
A Proposed Project Profile is shown in Appendix B on page 149.

The development organization aiso submits a Project Profile for each project
that is a candidate for evaluation. Typically, six to eight Project Profiles are
submitted from projects at the development site where the work will be done.
The Project Profiles contain information about the same attributes as the
Proposed Project Profile; additionally, they contain information about the
development project such as the current development phase, schedule status,
etc. The Project Profiles capture information about products the development
organization has already developed or is in process of developing, and they
indicate development experience that is pertinent to the proposed product. (In
source selection, the projects submitted as candidates for evaluation must also
meet any other requirements of the RFP that pertain to project selection.) A
sample Project Profile is included in Appendix B on page 149.
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Action

The Proposed Project Profile and Project Profiles must be requested during
Phase 1 Evaluation Start, and may be combined with requests for other
documentation (see information Request Timetable on page 117.)

The SCE team identifies areas in which the development organizations may
lack the experience required to build the proposed product by examining the
attributes in the various profiles submitted by the development organization.
This activity is performed in two stages: (1) the team identifies mismatched
attributes for each development organization, and (2) the team tabulates and
summarizes the experience mismatches across all of the development
organizations on a single table. To illustrate this concept, an example of each
of these activities follows.

Identifying mismatched attributes for each development organization.
Mismatched attributes are identified by comparing the attributes in the
Proposed Project Profile to the Project Profiles submitted by the same
organization. The additional attributes in the Project Profiles are not used in this
step (i.e., development phase and schedule status). The purpose of comparing
is to look for similarities, not for exact matches. For example, a 98 KSLOC
system would be considered a match for a 105 KSLOC system. Judgment and
team consensus are used to resolve any questionable comparisons.

A mismatch is defined to exist for an attribute only if none of the Prcject Profiles
match the Proposed Project Profile for that attribute (see Table 2-5). A
Mismatch Identification Table (see Appendix B on page 149) is used to
consolidate the information resulting from comparing the profiles submitted by
a development organization.

Major attributes

Project
Able

Project
Baker

Project
Charley

Project
Delta

Project
Foxtrot

Project l Org “A”

Gamma

Result

Application Domain

0

0

1

0

0

0

Size

0

0

0

0

0

0

Ps

Table 2-5: identifying Mismatched Attributes for Organization A

Matches for the projects are shown by a 1, mismatches by a 0. The Application Domain is acoustic signal
processing, and the “Estimated Software Size” part of the Size attribute for the proposed system is 1,000 KSLOC.
Every project submitted (except Charley) was a command and control system, and the size of each was under 300
KSLOC. Because there are no matches anywhere in the Size row, the result is “Ps” (an abbreviation for product
size), indicating a mismatch for Organization A.
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Tabulating and summarizing the experience mismatches. After identifying
the mismatches for each development organization, the team tabulates and
summarizes the experience mismatches across all of the development
organizations. The information is recorded on a single Experience Table (see
Appendix B on page 149).

An experience mismatch is defined to exist for an attribute if any one of the
development organizations has a mismatch for that attribute (see Table 2-6).
This ensures that any potential risk area within the development organization
community is addressed during the evaluation. The development organizations
are not compared to each other. Instead, the potential risk for any of the
development organizations is translated into an indication of processes that
should be investigated across the development organization community.

Major Attributes OrgA Org B OrgC OrgD Result
Application Domain
Size Ps Ps

Table 2-6: Tabulating and Summarizing Experience Mismatches

Experisnce mismatches are indicated by an entry in the corresponding row. The Application Domain is acoustic
signal processing, and the “Estimated Software Size” part of the Size attribute for the proposed system is 1,000
KSLOC. Every organization has Application Domain experience, but Organization A has not developed any
projects this large. This is shown by the “Ps” (an abbreviation for product size) under Organization A in the Size
column. Hence the development organization community as a whole does not have experience with large projects.
This is indicated in the result column.

Purpose

Outcome

Notes

The purpose of this step is for the SCE team to identify areas in which the
development organizations may lack experience, indicating a potential for risk.
A development organization must have well-defined processes to mitigate the
risk, especially if the development organization lacks product type or
application domain experience.

Direct outputs are the Experience Table (used in Step 5) and the Mismatch
Identification Tables (used in Steps 7 and 9). The Experience Table tabulates
and summarizes the experience mismatches for all of the development
organizations. The Mismatch Identification Table consolidates the information
resulting from comparing the Proposed Project Profile and the Project Profiles
submitted by a development organization. The Proposed Project Profile and
Project Profiles from the development organization(s) are kept for use in later
steps.

In general, the development organization’s Project Profiles are drawn from
projects at the site where the development work will be performed. There are
two reasons for using profiles from the site where the work will be done: (1) it
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reduces the expense of performing the evaluation, because all of the
documentation and personnel are on site, and (2) projects developed at a
particular site are better indicators of the way work is likely to be done at that
site—processes used at other sites may vary, and are much less likely to be
used effectively at the proposed development site than processes &lready in
place.

If the development organization has not submitted a Proposed Project Profile
to the sponsoring organization, the Target Product Profile from Step 1 may be
used to identify the mismatches instead, except the Operational Precedence
attribute is not used.

The Target Product Profile (from Step 1) represents a “customer view” of the
product to be built, and the Proposed Project Profile represents a “developer
view.” Both of these give insight into the planned development processes, but
both are estimates because the product hasn’t been built yet. The Project
Profiles for the projects that are candidates for evaluation are not estimates;
they represent real projects with actual processes that can be evaluated. if
there is a close match between the planned project and the development
organization’s actual projects, then the actual development processes
currently in use are good indicators of the processes that will be used for the
new development.

Step 5 Create Critical Subprocess Area List

Input

Action

The inputs to this step are

* The Target Product Profile from Step 1.

¢ The Target Process Capability from Step 2.

s The Experience Table from Step 4.

¢ The Proposed Project Profile from the development organization.

¢ Organization charts and information from the development
organization.

* The Subprocess Area Selection Table (see Appendix D on page

175).
The organization charts and information from the development organization
must be requested during Phase 1, Evaluation Start, and may be combined
with requests for other documentation (see Information Request Timetable on
page 117).

There are three activities performed in this step: (1) selecting the critical
subprocess areas to be investigated (the Critical Subprocess Area List), (2)
documenting the critical subprocess areas as the key issues on the Key Issue
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Table (see Appendix B on page 149), and (3) comparing the sponsoring
organization’s view of the planned development (the Target Product Profile) to
the development organization’s view (the Proposed Project Profile). Each of
these activities is discussed below.

Selecting the critical subprocess areas to be investigated. The SCE team
uses all of the information available to determine the subprocess areas that will
be investigated at each site. The subprocess areas selected for investigation
are called = critical subprocess areas. Collectively, the critical subprocess
areas define the scope of the SCE; the same critical subprocess areas are
used to investigate the processes in use at each development organization.
The set of critical subprocess areas is collectively referred to as the Critical
Subprocess Area List. The Critical Subprocess Area List is not a distinct
product; it is conceptual in nature. The critical subprocess areas are annotated
on the Key Issue Table in Step 6.

Selecting the critical subprocess areas is a complex activity and is performed
in several stages.

A preliminary list is constructed by performing a table “look up,” using the
Subprocess Area Selection Table (Appendix D on page 175). The rows of the
table are subprocess areas. The columns of the table are the following:

¢ The major attributes from the Experience Table (Application
Domain, Product Type, Size, Type of Work, Subcontracting).

¢ The Operational Precedence attribute from the Target Product
Profile.

¢ A “nucleus capability” column indicating subprocess areas that are
important for every development.

Within each column, rows are marked to identify relevant subprocess areas for

evaluation. These subprocess areas address potential risk associated with the

attribute and are intended as a guide.

The table “look up” starts by using any mismatched major attributes indicated
in the Experience Table. The corresponding column in the Subprocess Area
Selection Table identifies a set of relevant subprocess areas for evaluation;
these are added to the list. After using the Experience Table mismatches, the
Operational Precedence column is used (if applicable). The nucleus capability
column is then used to complete the preliminary Critical Subprocess Area List.

This provides a preliminary Critical Subprocess Area List; the list is refined
using these additional considerations:
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¢ Critical subprocess areas are limited by the boundaries of the
Target Process Capability. Any subprocess area from a KPA that is
not in the Target Process Capability is removed from the list.

* At least one subprocess area must be selected as critical for each
KPA in the Target Process Capability. If a KPA does not have a
corresponding subprocess area selected for evaluation, the team
adds at least one of the subprocess areas for that KPA to the list.

¢ The SCE team may select additional subprocess areas for any KPA

within the Target Process Capability based on their own experience

and judgment.
As noted above, team judgment is used to select additional subprocess areas
for evaluation. All of the information available to the team is used to make these
judgments. Factors that might be considered include

¢ A mismatch in the minor attributes (such as Language).

¢ The various organizational structures—for example, an
organization without a separate SQA function.

e Mismatches between attributes in the Target Product Profile and

the Proposed Project Profile (discussed beiow).
The result of the table look up and the list refinement described above is the
Critical Subprocess Area List. The boundaries of the SCE are defined by the
Target Process Capability; but the Critical Subprocess Area List provides an
additional level of detail. Each of the subprocess areas on the Critical
Subprocess Area List will be investigated at each development organization.

Documenting the critical subprocess areas as key issues. The Key Issue
Table (see Appendix B on page 149) is used to document the Critical
Subprocess Area List and the reason for adding each subprocess area to the
list. The Critical Subprocess Area List pertains to the development organization
community as a whole; the Key Issue Table documents the list and
summarizes each organization’s contribution to the list.

The team records the Critical Subprocess Area List on the Key Issue Table.
The critical subprocesses are sorted by their associated KPA within the Target
Process Capability. Each critical subprocess area on the list defines a row of
the Key Issue Table.

Each development organization has a column in the table. The team annotates
the Key Issue Table with information relating the critical subprocess area to the
development organization in the corresponding column; this information
identifies “key issues” for the development organization. For example, if the
subprocess area was selected because it was part of the nucleus capability,
this would be annotated in the table for each development organization. If a
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Purpose

Outcome

Notes

subprocess area was selected because of a Size attribute mismatch for
organizations A and C, then the columns for those organizations would be
annotated to show the Size mismatch.

Comparing the sponsoring organization’s view of the planned
development to the development organization’s view. Another activity
performed during this step is a comparison of the Proposed Project Profile from
each development organization to the Target Product Profile generated by the
sponsoring organization in Step 1. This comparison is one of the factors the
team could consider when adding subprocess areas to the Critical Subprocess
Area List. For example, if there are major differences in the two profiles, the
team could treat it as a mismatch and add subprocess areas to the Critical
Subprocess Area List accordingly.

The purpose of this step is to define and document the scope of the SCE, in
terms of critical subprocess areas within the Target Process Capability KPAs.

The direct outputs are the Critical Subprocess Area List and the Key Issue
Table. The Critical Subprocess Area Listis documented in the Key Issue Table
(used in Steps 6 and 8).

If a development organization lacks experience in one or more attributes, and
if the relevant subprocess areas are not well defined within a development
organization’s operations, the development may be at risk of not meeting cost,
schedule, or quality targets. in the interests of source selection faimess, the
same critical subprocess areas will be investigated for each development
organization. Once the critical subprocess areas are selected, the scope of the
SCE is established—subprocess areas cannot be added or deleted after the
SCE begins to investigate individual development organizations.

As mentioned, one of the tasks performed is checking if the development
organization’s view of the product to be built is similar to the sponsoring
organization’s view. This is done by comparing the Target Product Profile to the
Proposed Project Profile. Usually the Target Product Profile and the Proposed
Project Profile will be nearly identical—if they differ greatly, it should be
investigated. This is a topic of concern because it indicates a major difference
in understanding about what the development project entails. Resolving these
differences in understanding is not part of the SCE investigation, but should be
brought to the attention of the sponsoring organization as a concem to be
resolved through other channels.

The Target Product Profile represents a “customer view” of the product to be
built, while the Proposed Project Profile represents a “developer view.” Major
differences in these points of view can indicate innovation or a lack of
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understanding. For example, assume the sponsoring organization estimates
1,000 KSLOC for size and the development organization estimates 300
KSLOC. The development organization may be planning to reuse code from a
previous project, or one of the organizations may not understand the
magnitude of the required development effort. Understanding why the
estimates differ is essential.

Step 6 Originate Validation Worksheets

Input The input to this step is the Critical Subprocess Area List, as documented on
the Key Issue Table in Step 5.

Action The SCE team creates a Validation Worksheet (see Appendix B on page 149)
for each subprocess area on the Critical Subprocess Area List. This is done by
entering the KPA and the subprocess area on the top of the Validation
Worksheet. This records the Critical Subprocess Area List on a set of forms
that can be used throughout the SCE to record the results of the investigation.
The set of Validation Worksheets is replicated for each development
organization, and is used for each SCE conducted at a development
organization site. A sampie Validation Worksheet is shown in Appendix B on
page 149.

Purpose The purpose of this step is to record the set of critical subprocess areas for all
development organizations on forms that can be used in subsequent
information coliection efforts. Later, the team will use the validation worksheets
to guide information collection efforts for all the critical subprocess areas.
When completed, these worksheets are used to generate and support the
findings at the end of the SCE.

Outcome The output of this stage is a set of Validation Worksheets, used throughout the
rest of the SCE to guide information collection efforts.
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Summary of Phase 2 General Preparation

When the General Preparation phase is complete, the SCE team wiil have
identified areas in which the development organization community lacks
experience, and will have determined the critical subprocess areas that will be
investigated for each development organization; this defines the scope of the
SCE.

In Phase 1 Evaluation Start, the Target Product Profile was used to identify
critical processes at the KPA level, forming the Target Process Capability. in
the General Preparation phase, the collective experience of the development
organization community is used to define and tailor the scope of the SCE down
to the subprocess area level within the KPAs. This is done by analyzing
information about the planned development and project information to identify
areas in which the development organizations may lack experience (Step 4).
The SCE team selects critical subprocess areas for investigation based on the
experience shortfalls in the development organization community and other
factors (Step 5).

These subprocess areas comprise the Critical Subprocess Area List. The
critical subprocess areas will be evaluated across alt of the development
organizations; collectively, they define the scope of the SCE. The Critical
Subprocess Area List is not kept as a separate document; instead, the critical
subprocess areas are entered on a set of Validation Worksheets that are used
throughout the SCE (Step 6).

Much of the information used during the General Preparation phase is also
used extensively during the Specific Preparation phase. For example, the
Mismatch identification Tables created in Step 4 are used in Step 7 to select
the projects that will be investigated at the development organization’s site.

General Preparation as described here applies primarily to use of the SCE
Method in a source selection context, where multiple development
organizations will be evaluated using the same subprocess areas. in a contract
monitoring effort, the same steps should be followed for the initial evaluation,
but subsequent evaluations could use a tailored subset of the Critical
Subprocess Area List developed for the initial evaluation. During preparations
for a subsequent evaluation, the team should concentrate on changes
implemented since the previous evaluation. The team should also consider the
special needs of the contract to be monitored and the weaknesses observed
during the previous evaluation. Each evaluation in turn acts as a baseline when
preparing for the next one.
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The activities during the General Preparation phase establish the context for
the activities in Phase 3, Specific Preparation. The General Preparation
activities define the Critical Subprocess Area List. The Specific Preparation
phase will take the critical subprocess areas on the list and use them to prepare
topics for investigation at a development organization site.
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2.3 Phase 3: Specific Preparation

In the Specific Preparation phase, the SCE team completes detailed
preparations for evaluating a development organization site. The activities in
the Specific Preparation phase are repeated for each development
organization being evaluated.

During the General Preparation phase, the SCE team decided which
subprocess areas would be investigated at all of the development organization
sites. During the Specific Preparation phase, the team translates those
decisions into specific, detailed topics to be investigated at a development
organization site.

The purpose of the Specific Preparation phase is to prepare the SCE team for
a specific site visit. To achieve this, the SCE team selects projects to evaluate
(Step 7), determines the key issues to be investigated (Step 8), and selects
detailed topics for evaluation (Step 9). After selecting evaluation topics, the
team records the topics on the Validation Worksheets (Step 10). The topics are
used to plan the preliminary interview strategy and develop an interview
schedule (Step 11). The interview schedule is closely coordinated with the
development organization’s SCE site visit coordinator. The team also prepares
an entry briefing (Step 12); the entry briefing is used to set the development
organization’s expectations for the site visit.

During this phase the SCE team also identifies the documents for use during
the Initial Document Review and requests them from the development
organization’s site visit coordinator. Other critical preparation activities include
identifying the facilitias the team will require during the site visit and arranging
for their availability with the site visit coordinator.

Figure 2-4 on page 51 provides a high-level diagram of the steps in this phase.
The diagram is foliowed by a table (Table 2-7 on page 64) that summarizes the
steps and the purpose of each step, and provides a page number for reference.

62

CMU/SEI-93-TR-17

“




Phase 3: Specific Preparation

uonesedaid a119adsg ‘g aseyd ug sdais jo wesbeig :g-z ainbid

uoya3f[0)
Ble( NS

p asey

(s)uoneziuedio

juawdojarap
ayy woyy

uopeuLIojuf

uoneiuasaid

S W) JOS
‘epuady

=

Sugerag Anujg
azedasg
71 duyg

J[NPIPOS MITAIIIU]
‘SIOYSHION MOIAINU]

sajgoid 1efo1d
‘Sureyd
uoneziuediQ

sueyd uoneziedio

sosuodsos

aIreUUONSINY)

smajazaug L10je
-1ojdx7y 10) aaedaay

paenfeas aq 03 s199fo1d Jo Isr]

sapyoid 19foid
‘dqgord 109lo1d pasodorg

S)RAYSHIOM uopep
“jieA 03 soydoy, ppy

11 dagg o1 daig

sisir1 o1do,

sys1y aydo],
dojaraq

6 dng

199USHIOM
anssy Aay]

193YSHIOA
auss Loy dopaaq

g doyg

aednsaauj
03 5303{0a4 32328
Ldag

Annqede) ssan01g 198w [

sauraping
3uyoug Anuyg
(pappe sordoL,
uonednsoAU] yum) SuSWA[g v
S199SHIOM uONEPIe ssao0sdqn uoﬂ_q —.M_._\womE

Anpqede)) ssad014 198y,

a[qeL anssy L3y

uonenjeAy

SI99YSHIOM =o:wﬁ ;

olqeL
uoNEIYNUIP]
qorewSI

3[yoid 1dnpoid 198,

1 aseyg

uonesedar ]
[e1auas)

alqer,
uoONEBIYNUIP] -
YOICUISTIN

uoneaedal dyiadg ¢ Iseyq

63

CMU/SEI-93-TR-17




Phase 3: Specific Preparation

The table below provides an overview of the steps in this phase.

Phase Step Purpose Page
Phase 3: 7. Select Projects to Select projects for evaluation that give the most | page 64
Specific Investigate insight into the processes that will be used.
Preparation .

8. Develop Key Issue Create a consolidated list of key issues for page 66

Worksheet investigation at the development organization
site.
9. Develop Topic Lists Select topics for probing the process page 69

implementation; topics define observable work
practices that map to the critical subprocess areas.

10. Add Topics to Validation | Capture the consolidated topic list for use at a page 73
Worksheet particular site.

11. Prepare for Exploratory | Develop detailed interview strategy, including the | page 73
Interviews team’s decisions on who will be interviewed,
when they will be interviewed, and what they will

be asked.

12. Prepare Entry Briefing Establish the agenda for the initial organization page 76
meeting and set initial expectations for the site
visit.

Table 2-7: Overview of Phase 3

Step 7 Select Projects to Investigate

Input

Action

The inputs to this section are

* The Target Product Profile from Step 1 (may be used).

¢ The Mismatch ldentification Table for the development organization
from Step 4.

¢ The Proposed Project Profile from the development organization.

* The Project Profiles that were submitted by the development
organization.

The Proposed Project Profile and the Project Profiles must be requested during

Phase 1, Evaluation Start, and may be combined with requests for other

documentation (see Information Request Timetable on page 117).

The SCE team selects three or four projects for investigation whose attributes
most closely match the planned development, as shown by the Proposed
Project Profile. The Mismatch Identification Table that was created in Step 4
shows the matches by attribute.
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The team first uses the major attribute matches to select projects for
evaluation. If this does not reduce the number of projects to the required
number, the team uses all of the available information about the projects to
decide. Tiebreaking factors might include the following:

¢ Mismatches in minor attributes such as Language. For example, if
Ada usage is mandated, a project with Ada experience would be
preferred to one done in another language.

¢ The detailed attribute descriptions in the Proposed Project Profile
and the Project Profiles. For example, if the Proposed Project
Profile had a size estimate of 2,500 KSLOC, a project with 2,350
KSLOC might be preferred to one with 2,200 KSLOC, although the
team might have recorded both as a match in the Mismatch
ldentification Table. (If the Proposed Project Profile is unavailable,
the Target Product Profile from Step 1 can be used instead.)

* The schedule and status information in the Project Profiles. For

example, a project that was completed three years ago is not a

good choice for evaluation because the personnel may not be

readily available for interviews, and a project that is still in the

requirements phase would not be a good choice for evaluation if the

planned development was solely a design and code effort.
Once the projects are selected, the SCE team requests documents for the
Initial Document Review (Step 14) from the development organization (see
information Request Timetable on page 117). The names for the
documentation will vary from organization to organization, but preliminary
identification of the documentation that will be reviewed is critical. Typically, the
team requests copies of all organizational policies, standards, procedures and
directives relating to software development. The team also requests project-
level procedures, standards, and directives for the projects selected for review.
This documentation defines both the organization-level processes and the
high-level processes used on the selected projects.

If they have not already done so, the team will request a completed
questionnaire for each of the projects selected for evaluation (see Information
Request Timetable on page 117).

Purpose The purpose of this step is to select projects for evaluation that give the most
insight into the processes that will be used on the ptanned development project.
Because the team is interested in identifying risks pertinent to the processes
that will be used on the planned development, it selects the projects that are
most similar to the pianned development. By evaluating the actual processes
used on similar projects, the team obtains a ciearer picture of the processes
that will probably be used on the planned development.
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Outcome The output of this step is a list of projects to be evaluated at the development
organization site and requests for documentation from the development
organization.

Notes In general, projects are selected from the same development organization site

that will manage and develop the software, as described in Step 4.

As mentioned, each project selected for evaluation in Step 7 must provide
documentation for review. This documentation will be examined during the
Initial Document Review (Step 14). In source selection, each development
organization is given the same amount of time to prepare for the site visit. In
this case, the timing of requests for documentation about the projects will be
dictated by the site visit schedule (see Sample Site Visit Schedules on page
114).

Classified (so-called “Black”) projects cause special problems. The team may
not have the required clearance level to examine the project information,
access to information will be much more difficult and time consuming, and
special facilities may be required for the interviews. If the team will evaluate
Black projects, they must address these issues.

Step 8 Develop Key Issue Worksheet
Input The inputs to this step are

¢ The Target Process Capability from Step 2.

* The Key Issue Table from Step 5, (which includes the Critical
Subprocess Area List for all development organizations).

¢ The development organization’s responses to the questionnaires
for each of the projects to be investigated.

Action The SCE team identifies key issues for a development organization and
integrates the information about that development organization on a single
worksheet (the Key Issue Worksheet,! see Appendix B on page 149). This is
done in two paits: (1) consolidating answers to the questionnaires from the
projects, and (2) creating a consoliudted list of key issues for the development
organization.

1. The training formis labeled “Key Issue Table/Worksheet”. The name Key Issue Worksheet is used throughout
the text to avoid confusing the Key Issue Table with the Key Issue Worksheet.
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Consolidating answers to the questionnaires. The team prepares an SCE
Questionnaire Worksheet (see Appendix B on page 149) to summarize the
questionnaire responses from the projects selected for evaluation.’

Creating a consolidated list of key issues for the development
organization. The key issues for a development organization are listed on a
Key Issue Worksheet (see Appendix B on page 149).

itis important to distinguish between the Key Issue Table (from Step 5) and the
Key Issue Worksheet created in this step. There is one Key Issue Table, and it
contains information about all of the development organizations. There is one
Key Issue Worksheet for each development organization. The Key Issue
Worksheet is used to focus on a development organization by consolidating all
of the information known about the organization and relating it to the critical
subprocess areas. The relationships define the key issues for the organization.

The key issues help to determine the level of investigation required for each
critical subprocess area at a development organization site.

The critical subprocess areas are the same for each development organization,
namely the Critical Subprocess Area List that was recorded on the Key Issue
Table during Step 5. However, the information relating to those subprocess
areas will differ from organization to organization.

A Key Issue Worksheet is created in three steps: (1) the team copies the
Critical Subprocess Area List from the Key Issue Table to the Key Issue
Worksheet, (2) the team copies the mismatch information specific to this
development organization from the Key issue Table to the Key issue
Worksheet, and (3) the team reviews the SCE Questionnaire Worksheet to
identify inconsistencies and anomalies in the responses to the questionnaires,
and records them on the Key Issue Worksheet.

An inconsistency is an apparently contradictory response from the same
project to two (or more) questions on the questionnaire that relate to the same
subprocess area. An anomalyis a contradictory response to the same question
by two projects. An anomaly would be noted for both projects in the appropriate
places on the Key Issue Worksheet. Both types of responses may indicate that
the related key issues (critical subprocess areas) should be probed in depth.

Y During 1992 and 1993 SCE teams used the “Maturity Questionnaire” from CMU/SEI-87-TR-23, A Method for
Assessing the Software Engineering Capability of Contractors {Humphrey 87b]. A questionnaire based on
CMM Version 1.1 is under development. The new questionnaire will be used by the SCE Method to provide
intial data inputs to an SCE after CMM 1.1 is incorporated into the method.
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Purpose

Outcome

Notes

When completed, the Key Issue Worksheet consolidates all of the information
that is available about the key issues (critical subprocess areas) for a
development organization. The information is captured in a form that can be
used later to help prioritize the amount of time spent investigating each
subprocess area.

The purpose of these activities is to create a consolidated list of key issues for
investigation at the development organization site, in a form that can be used
later to help prioritize the amount of time spent investigating the issues.
Although the same critical subprocess areas are investigated for all
development organizations, each development organization has unique
strengths and weaknesses. More time or effort should be spent investigating
the key issues (critical subprocess areas) that correspond to known
weaknesses, because they indicate potential risks for the planned
development. The team’s goal is notto validate the development organization’s
response to the questionnaires; rather, the goal is to investigate the related
subprocess areas to identify strengths, weaknesses, and improvement
activities.

The output of this step is the Key Issue Worksheet (used in Step 9), which
guides the SCE team in selecting topics for investigation for the particular
development organization site. An SCE Questionnaire Worksheet is also
created, but is not used outside of this step.

During the site visit, documentation will be reviewed for each project selected
for evaluation (see Step 7; also see Document Review During an SCE Site Visit
on page 105). Some teams request that the comments column of the
questionnaires be annotated to indicate what documentation exists to support
the answers to the questions. This information can be used to tailor the
requests for documentation to be reviewed during the Initial Document Review
(Step 14 on page 83). If this was done, the documents for Initial Document
Review are requested at this time. The request that the questionnaires be
annotated in this way should be made as early as possible because of the extra
preparation time it requires.

Only subprocess areas within the KPAs in the Target Process Capability are
used in the Key Issue Worksheet. if the team identifies inconsistencies or
anomalies in other areas, they should document them and forward the
information to the sponsoring organization. However, they will not be
investigated as part of the SCE because they are beyond the scope of the SCE
established during Phase 2, General Preparation.
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Inconsistencies and anomalies can help to identify potential weaknesses within
a subprocess area that should be investigated in more depth. However, even
if the questionnaire responses are all “yes,” indicating no inconsistencies or
anomalies in a critical subprocess area, it is not sufficient grounds for removing
a key issue (critical subprocess area) from consideration during the
investigation of the development organization.

Step 9 Develop Topic Lists

Input

Action

Inputs to this step are

¢ The Mismatch Identification Table from Step 4.
¢ The Key Issue Worksheet from Step 8.

¢ The organization charts and information from the development
organization.

e The list of subprocess area elements shown below in Table 2-8 on

page 70.
For each critical subprocess area on the Key Issue Workshee - the SCE team
generates one or more topics for investigation. A = topic defines a subject that
will be probed during the investigation. A topic is an abstraction of a work
practice that corresponds to a portion of the process implementation for the
development organization. Topics are intended to be detailed enough to focus
the investigation on observable, documented work practices, but sufficiently
abstract that they avoid prescribing how the topic is implemented.

Each topic focuses on one element within a subprocess area. Elements are
implementation characteristics common to all subprocess areas. The SCE
investigation will use documentation review and interviewing to probe the
development organization’s process implementation for these elements. If
these characteristics exist for a subprocess area, the team can conclude that
the development organization has implemented the subprocess area. An
element as applied to a subprocess area constitutes a topic for investigation.
The elements are listed in Table 2-8 below.
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Process elements common to all What the element indicates
subprocess areas

Policy Commitment to Perform (reflects orsanizational business needs)
Roles and responsibilities Ability to Perform (organizational structure supports process)
Non-human resources Ability to Perform (resources allocated to support work practices)
Procedures and standards Ability to Perform (formal process definition and standardization)

Training for the defined work practice | Ability to Perform (knowledge needed to implement)

Adherence to the defined work practice | Activities Performed (evidence of practices used)

Improving the defined work practice Measurement and Analysis; Verifying Implementation (measuring

resources used, process improvement)

Table 2-8: Elements Common to All Subprocess Areas

The subprocess area elements are listed in the left-hand column; they are
applicable to each subprocess area.! A brief abstraction of what the element
indicates about a subprocess area is given in the right-hand column. The
subprocess area elements are explained further in Appendix A on page 133.

A rule of thumb for topics is that they can be transformed into an open-ended
question that can be answered readily by a person or document. For example,
consider the question “What are the procedures used to develop software size
estimates?” This question investigates the “Procedures and Standards”
element within the “size estimation” 2 subprocess area of the software Project
Planning KPA. Similarly, to investigate the Adherence element for the same
subprocess area, the team might ask the question “What mechanism(s) ensure
the software size estimating procedures are followed?” An example of topic
selection is included below in the Notes paragraph of this step.

Working individually, each team member decides which elements should be
investigated to validate the subprocess area for this particular development
organization. The team then caucuses to develop a single, consolidated topic
list that represents team consensus. All of the available information is used to

During 1992 and 199 SCE tearns were taught to use the elements described here. Other elements are being
censidered for incorporation into appraisal methods based on CMM Version 1.1. The new elements wilt be
used by the SCE Method after CMM Version 1.1 is incorporated. Although the elements used by the method
may change, the concept of using implementation characteristics common to ali subprocess areas to develop
topics for investigation will not change.

The subprocess area name is abbreviated to “size estimation"—the full descriptive title is “size estimation; soft-
ware development resources, costs, and critical target and host computer resources; the scope of work and
effort has a basis in reality.”
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create the consolidated topic list, inciuding the information on the Key Issue
Worksheet, organization charts, and the individual expertise of the team
members.

The individual topic lists are merged into a single, consolidated team topic list
using any method preferred by the team; the goal is consensus. Consensus
means that the result is acceptable to all team members, but not necessarily
optimal.

Purpose The purpose of this step is to select topics for probing the process
implementation; topics define observable work practices that map to the critical
subprocess areas. A subprocess area is too broad to be directly observable;
each topic defines an observable work practice. Topics help the SCE team to
structure the investigation, providing consistency across subprocess areas and
KPAs. Each topic serves as the basis of a set of questions that the team can
ask of an interviewee to probe the implementation of a subprocess area. Topics
also focus the documentation review.

Outcome The output of this step is a single list of topics for each critical subprocess area,
used to generate interview questions in Step 11 and to guide document review
in Steps 14 and 17.

Notes Topics are the level at which the actual SCE investigation is conducted. Before
selecting topics, considerable preparatory activity occurs and several
interrelated products are produced. Here is a quick summary of these products:

* The Target Process Capability defines the KPAs to be investigated.

e The Critical Subprocess Area List applies to al! of the development
organizations and adds another level of detail to the KPAs in the
Target Process Capability.

¢ The Key Issue Worksheet tabulates all of the information available
about a development organization and arranges it by subprocess
area on the Critical Subprocess Area List.

¢ The elements common to all subprocess areas are used to build a
consolidated topic list for the actual investigation.

Here is a hypothetical example that describes how topics might be selected for

“Organization A,” starting with the first step in the SCE and carrying it through

the preparatory steps discussed so far:

1. In Step 2, the Target Process Capability was selected. The decision
was made to use the default Target Process Capability for this
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development. One of the KPAs in the Target Process Capability is
software Project Planning.

2. During Step 4, a mismatch was noted for Organization A in the Size
attribute. When the Critical Subprocess Area List was created in
Step 5, one of the subprocess areas selected as critical was “size
estimation.” ! This subprocess area was selected as critical for two
reasons: because of the mismatched attribute and because it is part
of the nucleus capability.

3. When the Key Issue Worksheet was created in Step 8, the team
noted the Size attribute mismatch for organization A, and also noted
an anomaly between projects in response to questions about
software size and cost estimation for Qrganization A.

4. In Step 9, the team created the topic list. First, the team members
created individual lists of topics.

¢ One member selected the adherence and procedures and
standards elements for investigation, and developed topics based
on these elements.

* Another team member selected training, policy, and adherence.

* A third member selected procedures and standards and roles and
responsibilities.

* When the team caucused, they created a combined topic list with
these four efements: rofes and responsibilities, procedures and
standards, training, and adherence.
In this example, four topics were selected because the team viewed the
subprocess area as very important, especially in view of the factors noted on
the Key Issue Worksheet. The policy element was dropped because of time
considerations.

The SCE team must select topics that provide the most significant information
for the purposes of the SCE; it is not possible to investigate all of the topics
because of the limited amount of time spent on site. There are 70 subprocess
areas within the default Target Process Capability. Each has 7 possible topics
for investigation, which gives a total of 490 possible topics. A typical 3-day site
visit has between 19 and 21 hours for interviews and document review (for
sample schedules, see Table 2-12 on page 114 and Table 2-13 on page 115).
If all 490 topics were investigated, this would allow less than 3 minutes per
topic. Topic selection is a critical activity; the team must balance adequate
coverage of the critical subprocesses against the overwhelming amount of
information that could be examined.

- The subprocess area name is abbreviated to “size estimation”—the full descriptive title is “size estimation; soft-
ware development resources, costs, and critical target and host computer resources; the scope of work and
effort has a basis in reality.”
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Individual expertise of the team members in a subprocess area might reduce
the number of topics the team would have to consider within the subprocess
area.

Topics selected may vary between development organizations, based on
questionnaire responses (as summarized on the Key Issue Worksheet),
information about the organization’s structure, and the mismatches on the
Mismatch Identification Table. For example, if development organization A has
a very well defined software size estimation method, a separately staffed
functional area within the organization dedicated to performing size and cost
estimates for all projects, and experience with projects of similar size to the
planned development, then the team might check only for adherence. At
another development organization, the team might check for defined roles and
responsibilities for software size estimation, software size estimation
procedures, training in the software size estimation process, and adherence to
the procedures.

Step 10 Add Topics to Validation Worksheet

Input

Action

Purpose

Qutcome

The inputs to this step are

¢ The Validation Worksheets initiated in Step 6.
¢ The consolidated list of topics from Step 9.

The SCE team adds the topics from the consolidated list of topics to the
Validation Worksheets for the corresponding subprocess areas. The Validation
Worksheets are now ready for use during the site visit. Appendix B on page 149
shows an example of a Validation Worksheet with topics included.

The purpose of this step is to capture the consolidated topic list for use at a
particular site. During the site visit, the SCE team members will use the
Validation Worksheets to document their observations about each topic. The
worksheets offer a convenient way to consolidate information about the
selected topics for each subprocess area.

The output of this step is an updated set of Validation Worksheets; each
includes the topics, critical subprocess areas, and KPAs that will be
investigated for a development organization. These are used throughout the
Site Visit, and also in Step 11.

Step 11 Prepare for Exploratory Interviews

Input The inputs to this step are
* The Validation Worksheets that were updated in Step 10.
* The Project Profiles from the development organization.
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Action

Purpose

¢ The organization charts and information collected from the

development organization during the General Preparation phase.
The team develops a high-level interview strategy and prepares materials to
guide them during the interviews. This aciivity has four major ccmponents: (1)
allocating time for the site visit, (2) selecting interviewees, (3) creating interview
worksheets, and (4) coordinating the interview schedule.

Allocating time for the site visit. Based on the topics from the Validation
Worksheets, the team estimates the amount of time needed for interviewing
and document review; this transiates into how much time the team needs to
allocate to the site visit.

Selecting interviewees. The Validation Worksheet topics and the information
about the organization’s structure is used to decide who will be interviewed
about each topic. Interviewees are not selected as individuals, but instead by
position in the organization or by their functional area (e.g., CM, SQA, project
manager).

Creating interview worksheets. interview Worksheets are prepared with
questions derived from the topics for each interviewee; this keeps the interview
focused (a sample Interview Worksheet is shown in Appendix B on page 149).

Coordinating the interview schedule. Finally, the team decides the preferred
order for the interviews and coordinates with the development organization’s
site visit coordinator to set up an interview schedule.

Another critical activity that must be performed by the team at this time is
arranging any other factors relating to the visit with the site visit coordinator.
The team must also arrange for access to the facility, adequate working space,
a conference room, telephone and copier access, and so on. The documents
for initial document review were specified previously (in Step 7), but the team
should ensure that the documents will be available in the working space
assigned to them. (Some teams have developed logistics checklists or
worksheets to help with this planning effort.)

The purpose of this step is to develop a detailed initial interview strategy, which
should include the team’s decisions on who will be interviewed, when they will
be interviewed, and what they will be asked. The Interview Worksheets help the
team to organize and plan the interview strategy. The worksheets help focus
the team on the relevant issues during the interview, increasing the chances of
gathering the relevant information during the interview. A second purpose is to
make the final arrangements for the site visit.
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Outcome

Notes

The outputs of this step are completed Interview Worksheets for each
interviewee, used during Step 15, and a coordinated interview schedule for the
site visit.

Interviewing is a learned skill—interviews are difficult to conduct and manage.
Interview worksheets do not guarantee a successful interview; however, they
help to ensure coverage of all the topics.

This activity has four major components: (1) allocating time for the site visit, (2)
selecting interviewees, (3) creating interview worksheets, and (4) coordinating
the interview schedule. Each is discussed in more detail below.

Allocate site visit time. The team decides how much time it will allocate for
interviews and document review. The strategy depends on unique
circumstances for each development organization. If, for example, _
organizationali policies, procedures, roles, and responsibilities are easy to
identify from documentation, the team may require less interview time and may
prefer to spend time gathering “audit trail” information. On the other hand, if
documentation is complex or unorganized, more interview time may be needed
to clarify the organization’s processes. The team must be able to react to
unforeseen circumstances.

Select interviewees. For each topic from the Validation Worksheets, the team
selects interviewees from the development organization. The selection is
denoted by organizational function (e.g., project manager, project engineer) or
unit, not by the individual's name. More than one person may be interviewed
about a single topic, and one person may be asked about multiple topics. The
team may not be sure who to ask, because they don’t know the organization
well. The strategy in that case is o “ask whom to ask” at the most senior level
appropriate to the topic, and conduct a follow-up interview with the indicated
person.

Create Interview Worksheets. For each interviewee, the team creates a
worksheet, which identifies the interviewee by role (e.g., Project SQA Staff).
For each topic to be addressed to that interviewee, the team generates
questions that are relevant to the interviewee’s role in the organization. The
questions should validate that topic or indicate organizational documents for
review. For each question, the team also notes the related KPA, subprocess
area, and topic on the worksheet; this helps when transferring the information
back to the Validation Worksheet.

Coordinate interview schedule. The team leader coordinates with each site
visit development organization to set up a schedule that is as convenient as
possible to all parties. To maintain faimess, each development organization
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must be given the same amount of time to prepare for their site visit. Therefore,
the exact schedule for a development organization will not be determined until
that development organization has been notified of the site visit dates (the
interview schedule may change slightly as a result of conflicts). There are two
strategies for establishing the interview schedule: working “top down” through
the organization, and interviewing project by project. Examples of both of these
strategies are shown in the sample site visit schedules (Table 2-12 on page
114 and Table 2-13 on page 115). These strategies are usually combined to
develop the schedule.

Step 12 Prepare Entry Briefing

Input

Action

Purpose

Outcome

The inputs to this activity are

¢ The Target Process Capability from Step 2.

e Entry briefing guidelines for the development organization’s briefing
to the team (described below in the Notes section),

¢ Coordination contacts between the SCE team leader and the
organization’s site visit coordinator.

The team prepares an entry briefing and negotiates an agenda for the Initial

Organization Meeting (Step 13 in Phase 4, Site Data Collection).

This activity requires extensive coordination with the development
organization’s site visit coordinator. Collaboration on the on-site agenda will
help the development organization receiving the SCE be more comfortable
with the process.

The team must decide what information they will provide to the development
organization to prepare for the site visit. The Target Process Capability should
be presented to the development organization so they will understand the
boundaries of the investigation at the KPA level.

The team must also decide what guidance to give the development
organization about their presentation to the team and provide appropriate
guidance to the site visit coordinator.

The purpose of this step is to establish the agenda for the Initial Organization
Meeting (Step 13 in Phase 4, Site Data Collection) and set initial expectations
for the site visit. The team also creates their entry briefing to present to the
development organization.

The SCE team’s presentation will be prepared. The agenda for the Initial
Organizational Meeting will be collaboratively developed with the development
organization. Both are used in Step 13, Conduct Initial Organization Meeting.
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Notes This step marks the end of the Specific Preparation phase, and sets the stage
for the Site Data Collection phase activities.

When developing the agenda, there are two concems: what the team will
present and what the team expects from the development organization’s
presentation. The total length of the initial meeting should be no more than
60-90 minutes.

The team’s briefing will set expectations for the on-site period. Topics may
include introducing the team members, describing the major on-site activities,
discussing how interviews will be conducted, how (or if) the team will present
their findings to the development organization, and a short question and
answer session. The team briefing should be standardized for all development
organizations.

The SCE team may suggest that the organization demonstrate their processes
or give a presentation of their methods.

Here are the entry briefing guidelines for the development organization’s
presentation to the team.

The development organization should explain to the team

e What the organization does (without giving a “marketing pitch” or an
in-depth recital of their standard processes).

¢ The organizational structure, (who does what), especially any
changes that have occurred since the initial organization charts and
information that was provided in Step 4.

¢ How responsibility, accountability, and authority are managed,
particularly in regard to such items as software configuration
management, software quality assurance, integration and test,
requirements definition, systems test, and software development.

¢ How the organization’s process integrates responsibility,
accountability, and authority through the development life cycle; the
organization’s description should be focused on the projects
selected for review.
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Summary of Phase 3 Specific I'reparation

When the Specific Preparation phase is finished, the SCE team will be ready
to perform the Site Data Collection phase activities. The team will have
determined what topics will be investigated (and to what level), whom they
need to talk to, what questions they need to ask during exploratory interviews,
and which documents they will review at first. The development organization
will have prepared the facility for the team, will have the requested project and
organization documentation on hand, and will have ensured that the
interviewees are available.

This phase further refines the scope of the SCE by using the critical subprocess
areas to develop topics that address the development organization’s
observable work practices. In Step 7, the team selects projects for evaluation
that provide the most insight into the processes that are likely to be used during
the proposed development. Next, in Step 8, Key Issue Worksheets are
developed that identify the key issues that need to be investigated at this
development organization site. The key issues are used to guide selection of
investigation topics in Step 9. Topic selection is a critical activity; the team must
balance adequate coverage of the key issues against the overwhelming
amount of information that could be examined. During Step 10, the team
documents the selected topics on the Validation Worksheets for use during the
site visit and also for use when the team develops the detaiied interview
strategy in Step 11. Finally, the team sets expectations for the upcoming site
visit by preparing an entry briefing (Step 12) and coordinating the agenda for
the Initial Organization Meeting (Step 13 in Phase 4).

During this phase the SCE team also identifies the documents for Initial
Document Review and requests them from the development organization (see
Information Request Timetable on page 117). The requests are made after
projects are selected for review in Step 7. The team coordinates the
documentation requests with the SCE site visit coordinator.

Another critical preparation activity is identifying the facilities the team will
require during the site visit and arranging for their availability. It takes
considerable time and effort to coordinate an SCE with the development
organization.

As mentioned before, thorough preparation is essential because the amount of
information to be considered during the Site Visit can be overwhelming.
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2.4 Phase 4: Site Data Collection (Site Visit)

The Site Data Collection phase is the crux of the SCE Method. During the Site
Data Collection phase, the SCE team investigates the processes at a
development organization site.

The purpose of Site Data Collection is to investigate the topics associated with
each critical subprocess area in enough depth to determine the strengths,
weaknesses, and improvement activities for the corresponding subprocess
area. This is the most complicated and intense activity phase during an SCE.

The team presents the entry briefing that was prepared during Phase 3 to the
development organization during the initial organizational meeting (Step 13).
After setting expectations for the site visit, the team starts the data collection
activities. Site data collection has two basic components: investigation and
decision making about the information collected. These components are
applied iteratively until a decision has been made about each topic under
investigation; this is summarized visually in Figure 2-6. (Figure 2-6 was
introduced earlier as Figure 1-3 on page 26.)

Review
documents

Yes topics

Findings investigated?

Record
decisions

Decision Maki

Figure 2-6: A Flow Chart of the Site Data Collection Activities
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The SCE team uses two complementary mechanisms to investigate a topic:
document reviews (Steps 14, 17, and 21), and interviewing (Steps 15 and 20).
The team members record the results of their investigations into each topic for
use in decision making. Decisions are made by consensus in an ongoing team
caucus (Step 16). In caucus, the team asks the question “Do we have enough
information to reach a consensus about this topic yet?” If the team agrees that
there are at least two pieces of evidence supporting the decision, the decision
is documented as a preliminary finding (Step 18). If the evidence is not
conclusive, a new round of interviewing and/or document review is planned
(Step 19) and initiated. The preliminary findings are the source documents
used in the Findings phase.

The steps listed above are not strictly sequential; document reviews are
interspersed with interviews, and the consensus process is ongoing throughout
the site visit. The different interviewing and document review steps listed reflect
different data collection emphases at different points during the site visit.

Because of the iterative, interdaced nature of the fundamental activities during
this phase and their central importance to several of the steps, a consolidated
description of the basic concepts of document review and interviewing (as
applied to the SCE Method) is provid=d in Section 2.6 on page 105 and page
111, respectively. This description provides a framework for the activities
performed during the individual, related steps of the method and supplements
the discussion provided within the descriptions of the steps in this section.

The team will request additional documentation for review throughout the Site
Data Collection phase. These requests must be coordinated with the
development organization’s site visit coordinator.

When the Site Data Collection phase is complete, the SCE team members are
ready to generate their consolidated findings. The information recorded during
Site Data Collection is the support for the findings.

On the following page, Figure 2-4 provides a high-level diagram of the steps in
this phase. The diagram is followed by a table (Table 2-9 on page 82) that
summarizes the steps, the purpose of each step, and provides a page number
for reference.
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Step 13 Conduct Initial Organization Meeting
The inputs to this meeting are

Input

The agenda from Step 12.
The SCE team presentation from Step 12.
The organization charts and information from the development

organization.

The development organization’s presentation.

Phase Step Purpose Page
Phase 4: 13. Conduct Initial Clarify expectations of the SCE site visit. page 82
Site Data Organization Meeting
Collection - - -
14. Conduct Initial Determine the degree to which the organization page 83
Document Review and project-level documentation define and
support standard processes for the KPAs and
subprocess areas under investigation.
15. Conduct Exploratory Provide insight into how the subprocess areas are | page 85
Interviews implemented in practice; determine the extent
that processes have been internalized by the
development organizations; identify critical
implementation-level documents.
16. Hold Team Caucus Analyze, share, and consolidate information in page 86
order to reach conclusions about topics.
17. Conduct Document Search for objective evidence of how processes page 87
Review are implemented at the working level.
18. Develop Preliminary Articulate conclusions about the subprocess areas { page 88
Findings based on the information available; guide
subsequent information gathering efforts.
19. Create Consolidation Plan and initiate further data collection. page 92
Plan
20. Conduct Consolidation Clarify any remaining issues by confirming or page 93
Interviews negating candidate findings through further
interviews.
21. Conduct Final Clarify any remaining issues by confirming or page 93
Document Review negating candidate findings through further
document review.
Table 2-9: Overview of Phase 4
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Action

Purpose

QOutcome

Notes

The organization charts and information from the development organization
must be requested during Phase 1, Evaluation Start, and are first used during
the General Preparation phase (see Information Request Timetable on page
117).

Using the agenda set in Step 12, the team describes to the development
organization personnel what it hopes to accomplish and what ground rules
apply, and briefly introduces the team members. The development
organization then makes its presentation to the SCE team. The team updates
any organization charts and information with the latest information.

The purpose is clarifying expectations of the SCE site visit for both parties. The
team gains information about the organization, and the development
organization gains information about the team’s purpose and method. Building
a good working relationship is critical for the success of the site visit; this
meeting sets the tone.

The direct outputs are updated organization charts and information, used
throughout the remaining steps in the site visit. Expectations for on-site SCE
process and SCE schedule are established.

At this time, the team should confirm that the previously negotiated
arrangements for facilities have been made correctly (e.g., working space,
meeting rooms, telephone access), that requested documentation is available,
and that the right people are available for preliminary interviews. These items
were requested from the site visit coordinator during the Specific Preparation
phase.

Step 14 Conduct Initial Document Review

Input

Inputs to this step are

e The Validation Worksheets from Step 10 and the Interview
Worksheets from Step 11.

* Documents for Initial Document Review.
¢ Updated organization charts and information from Step 13.

The documents for Initial Document Review were requested during Phase 3,
after Step 7 (see Information Request Timetable on page 117). These inciude
both project- and organization-level documents. The request must be
previously coordinated with the development organization’s site visit
coordinator (during the Specific Preparation phase) so that the documents will
be readily available in the team’s assigned work area.
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Action

Purpose

Ovutcome

84

The team examines each item on their Interview Worksheets to determine what
information the documents can provide. The Interview Worksheet topics were
extracted from the Validation Worksheets in Step 11; the Validation
Worksheets are also a source of document review topics.

The team then reviews the initial document set and the organization charts and
information provided in Step 13. Initial document review is focused on
organization-level documents and high-level project documents.

During the initial document review, the team gains further insight into each
scheduled interviewee’s proper role in the organization’s operations.
Information is collected informally, as document review working notes. During
the team caucus (Step 16), the team can use the information coilected to
modify the questions it has prepared on the Interview Worksheets and to
modify the interview schedule.

Initial document review is usually done before starting interviews, but may be
interspersed with interviews.

The purpose of this step is for the team to determine the degree to which the
organization and project-level documentation define and support standard
processes for the KPAs and subprocess areas that are under investigation.

From this activity, the team gains a better understanding of the development
organization’s organizationa! structure and process, and is better prepared for
exploratory interviews. By providing further insight into the policies and
procedures that guide the organization’s processes, the team can sometimes
eliminate the need for a question during the interviews or sharpen the focus for
a question.

Another objective of this step is to identify documents from the development
organization that do not have a clear purpose; this lets the team seek
clarification through the site visit coordinator or from an organization empioyee
during interviews.

The direct output is a set of working notes from the informa! document review.
The team will understand the purpose and content of each relevant document
and the document's relation to the topics that the team wants to evaluate. The
subsequent interviews will be better focused; the team should have a better

idea of which employees to interview about each topic and what to ask them.

Guidelines for document review are provided in Document Review During an
SCE Site Visit on page 105.
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Occasionally, some topics may be partly or fully validated through the initial
document review (remember, validation requires team consensus that at least
two pieces of evidence support the finding).

Three levels of documents are reviewed: organization-level documents,
project-level documents, and implementation (or track record) documents.
Initial document review focuses on only the first two levels. The “track record”
documents are primarily reviewed in Steps 17 and 20. However, review of
organization- and project-level documentation is not limited to the initial
document review period.

Step 15 Conduct Exploratory Interviews

Input

Action

Purpose

Qutcome

Notes

The inputs to this step are the Interview Worksheets and the interview schedule
(developed in Step 11, or updated in Step 16).

The interviews are conducted as listed on the interview schedule.

One strategy is for the team to interview the organizational employees with
responsibilities at the organization level, and then the employees with
responsibilities at the project level. This is a “top down” strategy. An altemative
strategy is to interview project by project and follow up by interviewing people
with organization-level responsibilities. Both si-z-egic:s are represented in the
sample site visit schedules provided in Section ? 5 .- 2e 114 and page 115,
respectively).

This step is part of an iterative process that includes the ongoing Team Caucus
and Document Review (Steps 16 and 17). The team members note all relevant
information on the Interview Worksheet; the caucus is used to consolidate,
corroborate and reach consensus on the information.

Exploratory interviews serve these purposes:
¢ Provide insight into how the subprocess areas are implemented in

practice.

¢ Determine the extent to which processes have been intemalized by
the development organizations.

¢ |dentify critical implementation-level documents.

information is gathered from the interviews and recorded on the Interview
Worksheets, where the information can be used to validate topics. A list of
documents to be reviewed is also created and is used to request and iocate the
implementation record of the development organization's processes.

Guidelines for interviewing are provided on page 111.
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Interviews help the team determine the extent to which the documented
procedures and policies have been implemented throughout the projects. By
asking project personnel about specific practices (e.g., design and code
reviews), the team can evaluate whether the organization and project-level
policies and procedures have been communicated to the people who need to
implement them and if they are understood.

Exploratory interviews also point the SCE team to the implementation-level
documentation for a project and guide the document review at that level. This
documentation is used to validate both the interview responses and the higher
level procedures during subsequent document reviews.

Every piece of information obtained during an interview can lead to
identification of a strength, a weakness, or an improvement activity. Before the
information can become part of the SCE findings, it must be validated against
the track record documents (see Step 17).

Step 16 Hold Team Caucus

Input

Action

The inputs to this step include all of the information gathered during previous
information gathering efforts, such as

¢ Updated organization charts and information (from Step 13).

¢ Document review working notes (from Steps 14 and 17).

The Interview Worksheets (from Step 15).

The Validation Worksheets.

This is the decision making step in the iterative information gathering and
decision making process. During caucus, the team assesses their progress

toward the goal of validating topics by evaluating the information gathered so
far. No particular format is specified for the caucus, but the following steps are

typical:

* The team reviews the topics that were the focus of the most recent
investigations.

* The team reviews any new information, and identifies areas that
require further clarification.

¢ |f the team consensus shows that the information is sufficient for a
preliminary finding, the preliminary finding is appropriately defined
and then entered on the Validation Worksheet for review during
Step 18, Develop Preliminary Findings.

¢ If the team cannot reach consensus, they identify information that
will settle the outstanding issu. s.

86
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¢ |f enough information has been gathered to make a determination
of “no finding” about a topic, it is dropped from further consideration.
(For example, if no subcontractors are used on the projects,
findings related to subcontractor management wouid not be
applicable, leading to a determination of “no finding.”)

Purpose The purpose of the team caucus is to analyze, share, and consolidate the
available information in order to reach conclusions about the topics. The SCE
team gathers a large quantity of data; caucusing helps the team sift through the
information. Caucusing also provides a chance for the team to share diverse
perspectives on the data, which helps prevent misinterpretations and
premature decisions. The caucus keeps the team focused on the objectives of
the SCE.

Outcome Direct outputs from the caucus include annotations of information about the
topics on the Validation Worksheets, requests for documentation, new
Interview Worksheets, and updated interview schedules. (The requests for
documentation and updated interview schedules must be coordinated with the
development organization’s site visit coordinator.) This information is used to
generate preliminary findings in Step 18. Any or all of several outcomes are
possible after a particular team caucus:

¢ The team reaches consensus on strengths, weaknesses, or
improvement activities based on the available information and
annotates the information on the Validation Worksheets.

¢ The team validates one or more topics based on what was heard or
seen since the last caucus.

* The team identifies a need for more data to confirm or negate an
observation about one or more topics. This may generate a request
for additional documentation to review or for further interviews.

Notes This step occurs throughout the site visit. Successful caucusing depends on
the team’s consensus-building ability.

Step 17 Conduct Document Review

Input The inputs to this step are the information gathered through interviews and
previous document review activities, such as

¢ The Interview Worksheets from Step 15.

* The documents to be reviewed from the development organization,
requested in Steps 15 and 16.

¢ Document review working notes (from previous iterations of
document review).

* The Validation Worksheets.
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Action

Purpose

Outcome

Notes

The team reviews project-level and implementation-level documents for a
project to validate information gathered through other sources such as
interviews and higher level document review. The topics on the Validation
Worksheets and the results of the interviews as recorded on the Interview
Worksheets are used to focus the review.

Informal document review working notes are kept to use during the caucus; the
relevant information is entered onto the Validation Worksheet after caucusing
(Step 16).

Documents on this level provide an audit trail of the processes used and the
work performed. Through these reviews, the team confirms or negates the
proposition that the actual work practices implement the processes described
in the organization- and project-level documents.

The purpose of this step is to search for objective evidence of how the
processes are implemented at the working level—this provides support for
findings. In other words, the team determines whether the processes defined
on paper and elicited from the interviews correspond to what the people on the
projects are actually doing.

After each document review iteration, the SCE team has new information for
caucus. Usually the information gained confirms or negates several topics. The
direct output is the document review working notes used during the caucus.

Guidelines for document review are provided in Document Review During an
SCE Site Visit on page 105.

This level of document review focuses on implementation-level documents; but
some project- and organization-level documents may also be referenced.

Pairs of team members may visit the organization’s document fibrary, if one
exists. Some team members may prefer to select the documents they review
from the library of documents rather asking for specific documents. However,
in any document review, the objective is to collect objective evidence about the
critical subprocess areas by investigating the topics on the Validation
Worksheets.

Step 18 Develop Preliminary Findings

Input The inputs to developing preliminary findings are
* The Interview Worksheets (from Step 15).
¢ Document review working notes (from Steps 14 and 17).
¢ The Validation Worksheets (from Step 16).
88 CMU/SEI-93-TR-17
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Action

This is a special caucus that is focused on drawing conclusions about the
subprocess areas under investigation, and is one of the steps in the iterative
decision making process.

In Steps 9 and 10, the SCE team translated the critical subprocess areas into
topics for investigation. Subsequently, interviews and document reviews were
used to gather information about the topics, and team caucuses established
consensus about the critical subprocess areas by considering the information
gathered.

The SCE team now develops conclusions about the topics listed on the
Validation Worksheets. To do this, the team consolidates all of the available
information about the topics pertaining to a subprocess area. The team then
abstracts the information and makes a conclusion about processes the SCE
sponsor can expect to be applied to the next project by the development
organization.

Based on the conclusions, the team develops preliminary findings in terms of
strengths, weaknesses, and improvement activities for subprocess areas
within the KPAs. The team also identifies candidate findings for which there is
not yet enough objective evidence to make a decision. Candidate findings
become the subjects of consolidation interviews or subsequent document
reviews, as shown in Figure 2-8 on page 90.
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Information
collected from
exploratory

interviews and
document review

Purpose

Outcome

Information
from
consolidation
interviews and
document review

Figure 2-8: Transformation of Information into Findings

Once a preliminary finding has been made, the subprocess area is dropped
from further consideration. That does not mean that new evidence will not be
considered, but rather that the team will not spend any more time looking for
data relative to the issue; this helps the team to use its time on site most
effectively.

The preliminary findings are the primary input to Phase 5, Findings.
The purposes of this step are

* To articulate, based on the information available, conclusions about
the development organization’s implementations that map to the
subprocess areas.

* To guide subsequent information gathering efforts.

The outputs of this iterative step are preliminary findings and candidate findings
about the critical subprocess areas; these are annotated on the Validation
Worksheets. When a preliminary finding has been annotated on the Validation
Worksheet, the Validation Worksheet is “completed.”

90
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If the Validation Worksheets are kept up to date, an experienced team will
complete the preliminary findings caucus in approximately 45-90 minutes.

Throughout the site visit, the team creates a picture of the organization’s
software practices. Preliminary findings are the articulation of the team’s
picture, based on observations that are documented on the Validation
Worksheets. Because findings require objective evidence and corroboration
from multiple sources, early articulation of the findings gives the team enough
time to identify missing evidence before the conclusion of the site visit.

In order for an SCE finding (strength, weakness, or observed improvement
activity) to exist, the following guidelines must be met:

¢ There must be objective evidence in the form of documentation
must exist to support the finding.

¢ The team must observe supporting evidence in two or more
independent sources.

¢ The team must generate the findings through a consensus process.
That is, there are no minority opinions opposed to the finding.

¢ The evidence must support the findings.

All judgements made by the team should be correlated by at least two separate
pieces of information. As the significance of the judgement increases, the
correlation may require three or more separate sources of information. As a
general rule, if there is any doubt at all about whether a finding is valid, the team
should defer it to the consolidation step and should initiate additional data
collection efforts.

The information collected that does not become a preliminary finding may
become a candidate finding, as shown in Figure 2-8 on page 90. Candidate
findings are subject to further investigation during consolidation interviews or
during further document review. If a finding cannot be validated, if doubt
remains, or if consensus is not achieved despite additional documentation or
interviews, then there can be no finding in that instance and the candidate
findings should be discarded.

If the team identifies a possible weakness, the development organization
(through the site visit coordinator or in subsequent interviews) should be given
an opportunity to produce evidence that might mitigate or eliminate the
weakness. By double checking, the team avoids making findings based on
anomalous responses. No direct mention is made of the preliminary finding.
The request for clarification should define the subject matter and ask whether
what the team observed or heard is representative. For example, the team
might ask “We were not able to determine if the estimates for project size were
based on actual data. Did we miss something?”

CMU/SEI-93-TR-17 91




e e —

Phase 4: Site Data Collection (Site Visit)

It is possible for a given subprocess area to have strengths, weaknesses and
improvement activities—for example, ‘vell-defined procedures (a strength), no
training in the procedures (a weakness), and an ongoing course development
effort for the new procedures sponsored by the organization (an improvement
activity).

At some point every subprocess area on the Critical Subprocess Area List (as
documented by the Validation Worksheets) must have a finding or an explicit
annotation of “no finding,” meaning that there was not enough observed
evidence to make a finding. A “no finding” annotation completes the Validation
Worksheet.

Step 19 Create Consolidation Plan

Input

Action

Purpose

Outcome

The inputs to this step are

¢ Candidate findings from Step 18 (as annotated on the Validation
Worksheets); they represent subprocess areas where there was
not enough evidence to make a decision.

* The updated organization charts and information from Step 13.

This step is part of the iterative decision making process. The team decides
what data or further objective evidence it needs to finalize the candidate
findings, and pians how they will gather the information. The team then initiates
the next round of interviews and/or document review. All interviews and
document reviews must be completed within the remaining time of the site visit.

The Validation Worksheets contain the preliminary findings; they are also used
to identify the project and topic that the subsequent investigation should focus
on.

If further interviews are needed, the team prepares new Interview Worksheets
and coordinates the interview schedule with the development organization's
site visit coordinator. If additional documentation is needed, the team
coordinates the request with the site visit coordinator.

The Consolidation Plan is not a separate document; rather, the plan is
contained in the Interview Worksheets and the requests for further
documentation.

The purpose of this step is planning and initiating further data collection efforts.

Outputs are new Interview Worksheets and interview schedules (used in Step
20), and further requests for documents (used in Step 21).

92

CMU/SEI-93-TR-17




Phase 4: Site Data Collection (Site Visit)

Step 20 Conduct Consolidation Interviews

Input

Action

Purpose

Outcome

Notes

The inputs to this step are

* New Interview Worksheets from Step 19.
¢ New interview schedules from Step 19.
¢ The development organization’s documentation.

The team interviews personnel who may be able to provide additional objective
evidence required by the SCE team to finalize their findings. The team may ask
development organization personnel to help them locate evidence in the
documentation.

The second (and any subsequent) round of interviews are consolidation
interviews. These interviews follow at least two iterations of document review
and serve to validate the candidate findings about the selected projects.

The purpose of these interviews is to clarify any remaining issues by confirming
or negating candidate findings through further interviews. If documentation is
required to substantiate a finding, the team will ask development organization
personnel to indicate the location of information within documents for the team
to review.

The output of this step can be either interview-based evidence that supports or
negates the team’s candidate findings, or the location of evidence in
documentation that can be used to validate the findings. Evidence based on
interviews is annotated on the Interview Worksheets.

Guidelines for interviewing are provided in Interviewing During an SCE Site
Visit on page 111.

The main difference between consolidation interviews and exploratory
interviews is in the amount of information the team already has to guide it
through consolidation. Consolidation interviews usually focus on one or two
questions and are aimed at eliciting information related to a discrepancy, i.e.,
resolving an issue that remains open after the exploratory interviews and the
document reviews.

Step 21 Conduct Final Document Raview

Input The inputs to this step include
¢ Document review working notes from Steps 14 and 17.
¢ The Interview Worksheets from Step 15.
¢ The Validation Worksheets.
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Action

Purpose

Qutcorne

Notes

¢ List of documents to be reviewed from Step 19, and the

corresnonding documents from the development organization.
The team performs the final document search for specific information that will
confirm or negate the candidate findings.

The purpose of this activity is to ciarify any remaining issues by confiming or
negating candidate findings through further document review.

New evidence is gathered to support or negate the team’s preliminary findings,
and recorded in the form of document review working notes, or annotated on

the Validation Worksheets. When annotated with a preliminary finding or “no

finding,” the Validation worksheets are completed.

Guidelines for document review are provided in Document Review During an
SCE Site Visit on page 105.

Final document review focuses on locating a specific piece of information that
the team needs to confirm a candidate finding. Usually the team will request
documents that contain the information the team needs but has been unable to
locate. It is possible that the information exists in an unexpected location; the
focus is verifying the existence of the information, regardless of where it is.
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Summary of Phase 4 Site Data Collection

When the Site Data Collection phase is complete, the processes at the site are
investigated, and the SCE team is ready to generate their consolidated
findings. The information recorded on the Validation Worksheets, Interview
Worksheets and the objective evidence collected during Site Data Coliection is
the support for the findings.

The overall purpose of the site visit is for the team to investigate the topics
associated with each critical subprocess area in enough depth to determine the
strengths, weaknesses, and/or improvement activities of the corresponding
subprocess area.

To stari the visit, the team presented an entry briefing at the initial organization
meeting (Step 13). The initial organization meeting was used to explain the on-
site activities and to set the tone for the visit.

Next, the team started their data collection activities by performing the Initial
Document Review (Step 14). There are three levels of documents reviewed
during an SCE; the Initial Document Review concentrated on the top two
levels—organizational and project. The Initial Document Review was used to
tailor and focus the subsequent exploratory interviews (Step 15). Steps 14 and
15 represent the first iteration of the two complimentary mechanisms used to
investigate a topic during an SCE. These techniques were applied iteratively
during the site visit until enough information was gathered to make a decision
about each topic.

Decisions were made in an ongoing team caucus (Step 16). The caucus gives
the team a chance to share information and to build consensus when enough
information exists to make a decision about a topic.

After the first round of interviews, the team retumed to Document Review (Step
17), this time concentrating primarily on implementation-level documents.
Because of the iterative nature of the process, the detailed document review
activity was interspersed with interviews and caucuses.

A special caucus was held to develop the Preliminary Findings (Step 18).
Preliminary findings are expressed in terms of the subprocess areas and
consolidate the information gathered on the topic level. This portion of the
decision-making process eliminated some topics from further consideration,
and identified areas in which more data was needed. This information was
used to create the Consolidation Plan in Step 19, which guides the
consolidation interviews (Step 20). The consolidation interviews and Final
Document Review (Step 21) implemented the plan. The final two steps
resolved open issues and located specific documentation suppon.
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The site visit activities culminate when every subprocess area has an
assnciated preliminary finding or an elicited determination of “no finding”; the
team is then ready for Phase 5, Findings.
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2.5 Phase 5: Findings
The Findings phase completes the SCE.

The purpose of the Findings phase is to consolidate the decisions made during
the Site Data Collection phase. This purpose is accomplished by “rolling up” the
decisions that were made about specific topics and subprocess areas into
findings at the KPA leve! (Step 22). Findings are expressed in terms of the
strengths, weaknesses, and improvement activities that were observed by the
team. ldeally, the SCE team presents the findings to the development
organization during an exit briefing (Step 24).

The findings are actually generated during the site visit, although the final
report (Step 23) of the findings may be done later. The Findings phase is
treated separately to clearly indicate the end of the SCE activity and to
separate the SCE Method activities from the use of the findings in a source
selection or contract monitoring context.

On the next page, Figure 2-9 provides a high level diagram of the steps in this
phase. The diagram is followed by a table (Table 2-10 on page 99) that
summarizes the steps and the purpose of each step, and provides a page
number for reference.
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Phase 5: Findings

The table below provides an overview of the steps in this phase.

Phase Step Purpose Page
Phase S: 22. Determine Findings Validate the preliminary findings and consolidate | page 99
Findings them by KPA.

23. Produce Findings Report | Document the SCE activities and provide a formal | page
record of the findings. 100

24. Conduct Exit Briefing Provide feedback to the recipient and conclude page
the SCE. 101

Table 2-10: Overview of Phase 5

Step 22 Determine Findings

Input

Action

Purpose

Outcome

The inputs to this step are

¢ Preliminary findings from Step 18.

¢ Interview Worksheets from Steps 15 and 20.

¢ Document review working notes from Steps 14, 17, and 21.
e Completed Validation Worksheets from Steps 18 and 21.

in a final series of caucuses, the team analyzes the information learmed from
the consolidation interviews and Final Document Review to determine whether
the information confirms or negates any of the preliminary findings and also
whether the information supports or negates any of the candidate findings.

The validated preliminary findings become final findings, while the negated
findings are dropped from consideration. The preliminary findings were made
relative to subprocess areas; the final step is to regroup them by KPA. Final
findings consist of strengths, weaknesses, and improvement activities for each
KPA investigated by the team.

All the steps after Step 18 (Develop Preliminary Findings) focused on resolving
outstanding issues identified during Step 18. This step represents the final
resolution of those issues; this is the final step in the iterative process of
evaluating the organization’s process capability.

The purposes of this step are to validate the preliminary findings and to
consolidate them by KPA.

The output is a set of final findings, summarizing the resuits of the information-
gathering activities. At this point, all data collection activities stop.
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Step 23 Produce Findings Report

Input

Action

Purpose

Outcome

Notes

The Findings Report may incorporate all of the information gathered, including

¢ Final findings from Step 22 are the primary input.
¢ Document review working notes.

¢ Interview Worksheets.

¢ Validation Worksheets.

¢ Information from the development organization (such as the Project
Profiles and organization charts).

The team prepares a formal report of the SCE containing a standard set of

information. The information specified allows comparison of all SCEs

performed for the development. The report documents the major steps of the

SCE and the objective evidence that supports the findings.

Some portions of the report are generated during the visit, such as the findings.
For accuracy, the remainder of the report should be generated as soon as
possible after the site visit.

The purpose of this step is to document the SCE activities and provide a formal
record of the findings.

The direct output is the findings report. This report ensures that the SCE
activities are fully documented and the findings are formally recorded for future
use.

In most cases, the conclusion of the site visit represents the conclusion of the
SCE team’s activities.

In a source selection, the findings report must be compiete enough so that
sponsoring organization officials can understand all judgements made by the
SCE team in case the SCE team is not available to explain them. In contract
monitoring, the report must be complete enough so they can be compared to
subsequent evaluations in a meaningful way.

In source selection, the acquisition agency will specify the exact information to
be provided; in any case, the format will be standardized across the
development organizations.

100

CMU/SEI-93-TR-17

G




Phase 5: Findings

The findings report should contain the following information:’

¢ Information common to all development organizations,
including the Target Product Profile, the Target Process Capability,
the Critical Subprocess Area List, etc.

¢ Information provided by the individual development
organization, including Project Profiles, the Proposed Project
Profile, organization charts and information, and questionnaire
responses.

¢ All worksheets, including Key Issue Worksheet, Validation
Worksheet, and Interview Worksheets.

¢ Obijective evidence which serves as a basis for findings. (This
section should be a formal description of the evidence supporting
the team’s findings rather than the actual evidence. The team will
not be allowed to take the evidence with them.)

¢ Findings, including a separate sheet(s) for each KPA. The findings
sheets should include references to the objective evidence which
support them.

Step 24 Conduct Exit Briefing
Input The final findings from Step 22 are the only input to this step.

Action The team prepares a short debriefing and delivers it to the development
organization before leaving the site. The content of the briefing may vary from
a simple “courtesy call” to a formal presentation of the final findings. The depth
of the Exit Briefing will depend on the application of the SCE and on source
selection considerations.

The findings should be presented to the development organization at the time
of the site visit, so they can use the findings in their process improvement
activities. However, some source selection authorities insist that the briefing be
deferred until after contract award, or not presented at all.

Purpose The purposes of this step are to provide feedback to the recipient and to
conclude the SCE.

Outcomne The team concludes the SCE. The findings briefing is the only output.

Notes In a source selection, the Procuring Contracting Officer (PCO) must agree to

the agenda of the exit briefing. The acquisition process is controlled by
regulations that puts severe constraints on “discussions” with development

In source selection, all materials pertaining to unsuccessful bidders are kept segregated from materials
pertaining to the selected contractor. If the SCE findings are to be used for process improvements by the
selected deveiopment organization, the iindings report woula not inciude any information that referred to the
other development organizations, such as the Experience Tat i : generated in Step 4.
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organizations. The PCO may decide that a debriefing of findings in any form
constitutes a discussion. Customer feedback indicates that most source
selection authorities are reluctant to let the SCE team present findings before
contract award.
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Summary of Phase 5 Findings
When the Findings phase is complete, the detailed decisions made during the
Site Data Collection phase about the subprocess area topics will be
consolidated and summarized by KPA in terms of strengths, weaknesses, and
observed improvement activities.

The activities in this phase are conducted both on site and off site. The team
generates the final findings in Step 22. The final findings are then used to
prepare a formal Findings Report in Step 23. The Findings Report is used by
the sponsoring organization; how the findings in the report are used depends
on the context and represents the results of the SCE. The team prepares and
conducts an Exit Briefing (Step 24) before leaving the site. The exit briefing
varies in content, but the team should use the exit briefing as a forum for
presenting the final findings to the development organization.
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2.6 Coordination of SCE Activities

This section contains information that is useful for coordinating activities across
multiple steps (or phases), or for understanding the relationships between the
steps. Because these activities (or relationships) are not confined to a single
step, their description is scatiered over several steps in the previous discussion
of the activities during an SCE. In this section, the information is consolidated
for easier reference.

For example, there are several points during an SCE at which information is
requested from the development organization. The information requests are
referenced within the descriptions of the steps, but the references within the
description of the steps do not provide a consolidated picture of when
information requests are made.

This discussion is divided into two major subsections: Coordination of Site Data
Collection Activities, and Coordination cf Information Flow During an SCE.
Coordination of Site Data Collection Activities is concermned with the activities
during the site visit, while Coordination of information Flow During an SCE is
concemed with information flow within and between the five activity phases.

Coordination of Site Data Collection Activities covers these topics:

¢ Document Review During an SCE Site Visit (page 105).
¢ Interviewing During an SCE Site Visit (page 111).

e Sample Site Visit Schedules (Tab:c 2-12 on page 114, and Table 2-
13 on page 115).

Coordination of Information Flow During an SCE covers these areas:

¢ Information Request Timetable (Table 2-14 on page 118).

¢ Primary Inputs and Outputs for Each Step (Table 2-15 on page
120).
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Coordination of Site Data Collection Activities
The SCE team uses two complementary mechanisms to investigate a topic:
document reviews (Steps 14, 17, and 21), and interviewing (Steps 15 and 20).
The steps are not strictly sequential; document reviews are interspersed with
interviews, and the consensus-building process is ongoing throughout the site
visit.

Because of the iterative, interlaced nature of these fundamental activities
during the Site Data Collection phase and their central importance to several of
the steps, a consolidated description of the basic concepts of document review
and interviewing (as applied to the SCE Method) is provided here. After
discussing the basics of document review and interviewing, sample site visit
schedules are provided. The schedules demonstrate the iterative nature of the
investigation activities and the team caucuses.

This discussion provides a framework for the activities performed during the
individual, related steps of the method, and supplements the discussion
provided previously within the descriptions of the steps.

Document Review During an SCE Site Visit

This section provides a consolidated description of the basic concepts of
document review, as applied to the SCE Method.

Documents can be used to

* Define and standardize processes.

¢ [ndicate commitment to use the processes.

* Provide an audit trail of processes that were used.
¢ Collect data about process performance.

Documents can provide objective evidence of the processes used. A
fundamental assumption of the SCE Method is that if a process is not
documented, there is no guarantee that it will be followed.

Documents may be in paper or electronic form, and they vary widely in name,
content, and format. They are not arranged by topic within subprocess area
within KPA, the team needs a broad range of professional experience to
determine whether a document or set of documents satisfies a topic. Because
of time constraints, document review during an SCE is broad rather than deep;
the development organization should be strongly encouraged to organize and
cross reference the documentation provided to the team.
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Document reviews during an SCE do not check whether the project's work
products are consi- ‘ant with the project's development objectives. For
example, no checks are made to see that the software requirements
specification is complete and accurate when compared to the system
requirements that are allocated to software; or that the schedule information
showing progress made accurately portrays the progress actually made. In
other words, no judgment is made about how effective the processes are.
However, the team will decide how well the processes are defined and
implemented.

Three “levels” of documents are reviewed during an SCE: organization-level
documents, project-level documents, and implementation- (or “track record”)
level documents. Each document level and the corresponding review is
described in more detail below.

Organization-Level Documents

At the top level are the organization-level documents—the policies and
procedures which establish the development environment for all company
project activities. They define the process guidelines that management expects
all projects to follow.

Ideally, this level of documentation ties the need for software development
processes such as software configuration management and software quality
assurance to defined “business needs” in the form of policies.

For all development projects, organization-level documents define the process
and management constraints the organization places on projects by

¢ Demonstrating commitment to perform activities.
¢ Defining organizational structures that support the activities.
¢ Defining roles and responsibilities.

¢ Specifying default procedures and standards to be used on all
development projects.

¢ Defining organization-wide support for training.
The purpose of reviewing this level of documentation is determining the degree

to which the organization supports the project’s development and maintenance
of software products by defining standard processes.

Organization-level documents show what management thinks will happen with
planned projects and can be used as an indicator of planned process
improvements.
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This review is usually carried out in Step 14, before the exploratory interviews
(Step 15), although in some cases organization-level document review can
begin during the preparation phases. For a given subprocess area the
elements that may be partially or completely validated during this review are
policy, roles and responsibilities, human resources, non-human resources,
procedures and standards, and training.

The scope of review for organization-level documents could include (but is not
limited to) checking for items such as

¢ QOrganizationally controlled size and costing procedures.

e Standard status reporting practices that are required across the
organization.

¢ Defined default procedures and standards for a project.

¢ Tailoring guidelines and waiver procedures.

¢ Training provided by the organization.

e Peerreviews that are required as part of product development work.

¢ Independent reporting channels for project software quality
assurance, software configuration management, and testing
activities.

* Defined organizational roles for software configuration
management, software quality assurance, and software
subcontract management.

Project-Level Documents

The next level of documents are project-level documents; these documents
define the development processes in use for a project.

Ideally, project-level documents should be traceable to the organization-level
documents—that is, project-level procedures shouid be consistent with
organizational policies, and, whenever possible, should be tailored versions of
the organization-ievel documents.

For a current project, these documents define the detailed processes that are
used to manage, coordinate, and integrate the engineering activities required
for the development. This level of documentation gives structure to the
development by

¢ Translating high level organizational policies and procedures into
detailed procedures, plans, and guidelines.

¢ Establishing the required organizational entities on the project level
to support the defined processes.

¢ Defining specific project roles and responsibilities.
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¢ Allocating humar # d other resources to fulfill the process related
responsibilities ¢n *.1e project level.

¢ Defining detailed procedures to supplement and enhance the
organization-level procedures.

¢ Specifying and planning for required training.
¢ Defining how adherence will be tracked.

¢ Defining measurements that will be used to manage project

activities.
Although measurement and adherence are primarily associated with
implementation-level documents, the project-level documents should provide
scope for the implementation-level documents by defining the measurements
that should be made and how project-level processes will be tracked.

The purpose of reviewing this level of documentation is determining the degree
to which the project-level processes support project activities. To do this, the
team determines what processes are defined for the project and how the
project-level processes relate to the organization-ievel documents. The
development support environment is achieved by explicit specification of work
practices that integrate the different engineering disciplines; project members
should not have to create the processes they use. Comparing documentation
from older and newer projects is a good indicator of commitment to process
improvement.

Project-level document review is initiated during Initial Document Review (Step
14), before the exploratory interviews (Step 15), and may continue throughout
the Site Visit. In some SCE applications this review might start during the
preparation phases. The topic areas that may be partially or completely
validated during this review are roles and responsibilities, human resources,
non-human resources, procedures and standards, and training. Adherence
tracking methods should be defined at this level, along with measurements that
will be taken to monitor and improve the software processes. Validation of
these topics, however, is done on the implementation document level.

The scope of review for project-level documents could include (but is not limited
to) checking for items such as

* A software quality assurance plan.
* A software configuration management plan.
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¢ |ncication that processes referenced in the Software Development
Plan' are effeciively defined in other documents.

¢ [ndication that processes defined only in the Software Development
Plan provide sufficient detail to guide actual work practices.

¢ Indication of how changes to the cchedule or requirements are
handled over the life of the project.

~ Existence of a software manager or lead engineer who directly
supports the project manager.

* Independence of software integration and testing from software
development.

¢ Configuration management control over software in test.

* Project notebooks or directives that define how the project
collectively understands and integrates the engineering processes.

Implementation-Level Documents

The third level of documents to be reviewed are the implementation (i.e., track
record) documents such as status reports, minutes, schedules, etc. These
documents provide an audit trail of processes that were used.

ideally, the purpose, format, and content of implementation-level documents
should be traceable to organizational or project-level procedures and
standards. implementation-level documents should capture actions that are
necessary for work performance, should be easy to use, and should collect real
information about the work accomplished.

This level of documentation can provide

¢ Evidence of conformance with organizational and project
standards.

¢ Evidence of actual practices used.

e A record of resources used.
¢ Data for process improvement efforts.

The purpose of reviewing this level of documentation is to determine whether
the processes defined on paper and elicited from the interviews correspond to
what the people on the projects are actually doing. This review is initiated in
Step 17, and continues iteratively throughout the Site Visit.

' A Software Development Plan is ‘the collection of plans that describe the activities to be performed for the
software project” (Mark Paulk, et al. Key Practices of the Capability Maturity Model [Paulk 93b}, page A-18),
not necessarily the document referred to in DoD-STD-2167A.
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The scope of review for project implementation-level documents could include
(but is not limited to) checking for items such as

* Meeting minutes (e.g., from project management meetings or
configuration control boards).

¢ Project status reports and schedules.
* Software change request forms.

¢ Test records.

¢ Training records.
¢ Software development folders.

¢ Historical data derived by comparing past schedules and status
reports to determine “planned versus actual.”

* Analyses of resource consumption and trends.

Document review summary

Document review is a complex process that is conducted throughout the site
visit. For the purposes of an SCE, there are three levels of documents. Each
level addresses a different set of subprocess area elements (these are defined
in Appendix A on page 133). Table 2-11 lists the subprocess area elements
used to generate investigation topics and the corresponding document level.

Element What the element indicates Document level
Policy Organizational commitment Organization
Roles and Responsibilities Organizational commitment Organization, Project
Human Resources Ability to perform Organization. Project
Non-Human Resources Ability to perform Organization, Project
Procedures and Standards Ability to perform Organization, Project
Training Ability to perform Organizational, Project,
Implementation
Adherence Performance Implementation
Measurements Monitoring Implementation

Table 2-11:

Topic Elements and Document Level
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interviewing During an SCE Site Visit
This section provides a consolidated description of the basic concepts of
interviewing, as applied to the SCE Method.

Interviews give insight into how the processes are implemented in practice and
show the extent to which processes are intemalized and understood by the
development organization staff. A fundamental assumption of the SCE Method
is that if a process is not understood by the people implementing it, there is no
guarantee that it will be followed.

Interviews also paint the SCE team to the implementation-level documentation
for a project and guide the document review on that level.

Interviews during an SCE site visit typically involve one of the development
organization’s personnel and the entire SCE team. One advantage to this
approach is that the employee will probably speak more freely without his or
her supervisor or a company representative present. Another advantage is that
the data collection is likely to be more effective than if only one team member
were conducting the interview. Because the situation may make the
interviewee nervous every effort must be made to make the interviewee
comfortable. The guidelines for interviewing that start on page 112 include
several items that specifically address this need.

There are two types of interviews used during an SCE site visit: exploratory
interviews and consolidation interviews.

During exploratory interviews the questions and answers reveal the actual
processes practiced and guide the team to the supporting documentation. The
purposes of exploratory interviews are to

¢ Provide insight into how the subprocess areas are implemented in
practice.

¢ Detemnine the extent that processes have been intemalized by the
development organizations.

¢ |dentify critical implementation-level documents.

Consolidation interviews focus on corroboration and clarification of evidence.
The pumpose of a Consolidation Interview is to clarify any remaining issues by
confirming or negating candidate findings.

Interviews are structured by the Interview Worksheets and interview schedule
(initiated in Step 11), and should focus on topics within subprocess areas. Initial
questions should be framed to elicit a descriptive response. They should not
provide the interviewee with ideas about what the team may want to hear.
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There are two basic strategies for establishing the interview schedule: working
“top down” through the organization, and interviewing project by project. These
strategies are used separately or combined to develop the interview schedule.

Schedule changes should be minimized. Availability of the interviewees can
cause schedule changes, but schedule changes are disruptive to the orderly
analysis of the topics and may prolong the site visit time.

The team must listen well—often there are subtle differences in how
terminology is used that must be detected and clarified. Because of time
constraints, the team must be willing to cut the interviewee off when the team
has collected the data according to their plan.

Initial questions should be “open-ended” rather than leading to a simple “yes”
or “no” answer. Questions leading to a “yes” or “no” answer should be used
only to confirm information the team has seen or heard previously. Also, if
questions are phrased in a leading manner, the interviewee will be likely to try
to fulfill a perceived expectation rather than providing information about how
the work is actually performed.

Interview data requires corroboration—sometimes a person will tell the team
what he or she thinks the team wants to hear, and an individual employee may
not know or follow the standard processes for a variety of reasons. No single
interview should be the basis for deciding that there is a strength, weakness,
or improvement activity in an area.

These considerations are summarized in the following interviewing guidelines.
The last four items suggest ways to help to make the interviewee less nervous.

Guidelines for interviewing

¢ The SCE team leader sets up the interview in cooperation with the
development organization’s site visit coordinator.

¢ The team prepares for the interview by preparing Interview
Worksheets (originally done in Step 11, and as needed later); the
team should always be aware of the specific information they are
seeking.

¢ Each question is derived from a specific topic on the Validation
Worksheets (Step 10).

¢ Throughout the interview, the team members ask questions to
identify documents that will be needed to validate the information.

¢ One person is interviewed at a time.

¢ Ask open-ended questions (e.g., please describe how size
estimates for this project were determined).
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Allow the interviewee time to clarify responses or ask questions.
Interviewees can use this opportunity to ensure that the SCE team
clearly understood their responses.

Introduce all team members and explain the nature and purpose of
the interview at the start.

Emphasize the non-attribution policy and confidentiality of the
interview. No information presented to the acquisition agency or to
the contractor's management will be attributed to specific
individuals by name.

Ask the interviewee to briefly describe his or her role in the
organization.

Use polite interruptions to keep the conversation focused on the
SCE team’s objectives.
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Sample Site Visit Schedules
This section contains two sample “Strawman” site visit schedules. The
schedules clearly demonstrate the interrelationships between the document
review, interviewing, and caucusing activities during the Site Data Collection
phase. For both of the example schedules, it is assumed that the formal
Findings Report (Step 23) is prepared later, after the site visit is completed.

The first schedule assumes that interviews are structured “top down,”
interviewing all of the project managers, then the software supervisors, etc.
The second assumes that the projects are interviewed sequentially—first

Project A, then Project B, and so on.

Day Activity Steps Hours
Day 1 Initial organization meeting with site management 13 1.5
SCE team in-brief (15 minutes)
Development organization in-brief/
Selected project presentations (60 minutes)
SCE team caucus (15 minutes)
Initial document review and caucus on documentation. 14, 3.0
(Documents should be available in assigned meeting room). | 16
Exploratory interviews with project managers and software | 15, 30
managers, with caucuses between each. 16
Evening Document Review and Caucus 17,16 30
Day 2 Exploratory interviews continue with software supervisors, | 15, 35
SQA engineers, SCM personnel, test personnel, and 16
software engineers
Review of documents requested during exploratory 17 20
interviews
Caucus on information gained, possibly with interviews of | 16, 20
people who create track record-level documentation. 15
Evening Preparation of Preliminary Findings 18 1.5
Development of Consolidation Plan 19 1.5
Day 3 Consolidation interviews 20 20
Final Document Review 21 2.5
Determination of Findings 22 1.5
Exit Briefing 24 20

Table 2-12: Site Visit Schedule, Example 1—Interviews conducted “top - down”
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This is the second of two “Strawman” site visit schedules. The assumption here
is that the projects are interviewed sequentially—first Project A, then Project B,
and so on. Subsequent interviews address people who have specialty roles or

an organization-wide focus.

Day Activity Steps Hours
Day 1 Initial organization meeting with site management 13 1.5
SCE team in-brief (30 minutes)
Development organization in-brief/
Selected project presentations (60 minutes)
Initial document review, caucus on documents 14,16 20
Exploratory interviews with Project A, caucus 15,16 1.5
Exploratory interviews with Project B, caucus 15,16 1.5
Exploratory interviews with Project C, caucus 15,16 15
Evening Document review and caucus 17,16 3.0
Day 2 Document review and caucus 17,16 1.0
Exploratory interviews with Project D, caucus 15,16 1.5
Site SQA interview and caucus 15,16 0.75
Site Software CM interview and caucus 15,16 0.75
Corporate management interview and caucus 15,16 0.75
Site SEPG interview and caucus 15,16 0.75
Document review and caucus 17,16 25
Evening Preparation of Preliminary Findings 18 1.5
Development of Consolidation Plan 19 1.5
Day 3 Consolidation interviews 20 20
Final Document Review and caucus 21,16 1.5
Determination of Findings 22 1.5
Exit Briefing 24 20

Table 2-13: Site Visit Schedule, Example 2—Interviews conducted one project at a time

The times for both of the schedules are approximate. A detailed plan for the
exploratory interviews should be made before the visit (Step 11), and

coordinated with the company's site visit coordinator. The SCE team must
adhere to the interview times or risk appearing unprofessional.

It is necessary to leave sufficient time between the scheduled interviews to

allow for
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* The team to caucus and reach consensus on what has been
leamed.

¢ Additional interviews to obtain information the managers or lead
personnel could not provide.

e Some document review.
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Coordination of Information Flow During an SCE

There are two topics covered here. The Information Request Timetabie
indicates when documents must be requested from the development
organization(s). The next section covers the inputs and outputs for each step.
The inputs listed include inputs that come from the development organization,
the SCE Method, or from work done by the team in previous steps.

Information Request Timetable
At several times during an SCE, the sponsoring organization must request
documents or information from the development organ.zation. Table 2-14 lists
the information required from a development organization during an SCE,
when it needs to be asked for, when the information is needed (required not
later than), and which steps it is used in.
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Information Request Timetable
Information requested Asked for in Required not later than Used in
Proposed Project Profile Phase 1! Step 4, Create Experience Steps 4, 5,7
Table
Project Profiles from projects | Phase 12 Step 4, Create Experience Steps 4,7, 11
that are candidates for Table
evaluation
Organization charts and Phase 13 Step 5, Create Critical Steps 5,9, 11, 13
information Subprocess Area List
Questionnaire responses Phase 1 or 3* Step 8, Develop Key Issue Step 8
Worksheet
Documents for Initial Phase 3, after Step 14, Initial Document Steps 14, 17, 21
Document Review Step 7 56 Review
Updated organization charts | Phase 4, after Step 14, Initial Document Step 14, and
and information Step 13 Review throughout the
remaining steps
Documents for Document Phase 4, Step 17, Conduct Document | Steps 17,21
Review Steps 15 and 16 Review
Documents for Final Phase 4, Step 21, Conduct Final Step 21
Document Review Steps 15, 16, and 19 | Document Review

Table 2-14: Information Request Timetable

In source selection, the logical time to request this is when the RFP is sent out. In contract monitoring mode,
this request should be made as soon as possible in Phase 1 before the first evaluation. Subsequent evalua-
tions may ask for updates, if any apply.

In source selection, the logical time to request these is in the RFP. In contract monitoring mode, this request
should be made as soon as possible in Phase 1.

This request can be combined with the requests for the Proposed Project Profile and the Project Profiles, al-
though the information is used later in the evaluation.

There are two strategies for collecting questionnaire responses:

(1) they can be requested during Phase 1, Evaluation Start for each project submitted by the development
organization as a candidate for evaluation, which means the request would be made before Step 4 along with
the request for the Project Profiles and the Proposed Project Profie, or,

(2) they can be requested after the projects are selected for evaluation in Phase 3, Step 7.

The first strategy is usually used because it is easier for the SCE teamto fit into the schedule—the information
is available before it is needed. The second strategy involves less work for the development organization and
provides more current information about the projects to the teamn; however, it can be very difficult to implement
because of time constraints, and because timing of the information requests and site visits can be difficukt.
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5. For Initial Document Review, the team typically requests that copies of all organizational policies, standards,
procedures and directives relating to software development be made available in the team’s caucus room.
The team also requests the project-level procedures, standards, and directives for the projects selected for
review in Step 7. This documentation defines organization-level processes and the high-level processes used
on the selected projects.

In a source selection, it is important to allow each development organization the same amount of time to pre-
pare for the site visit. This means that requests for the documents should be coordinated with the site visit
schedule.

6. During the site visit, documentation will be reviewed for each project selected for evaluation in Step 7. Some
teams request that the comments column in the questionnaires be annotated to indicate what documentation
exists to support the answers to the questions. This information can be used to tailor the request for docu-
mentation to be reviewed during the Initial Document Review (Step 14). in this case, the documents for Initial
Document Review may be requested after Step 8.

If this is going to be done, the development organization should be notified as far in advance of the site visit
as possible because of the extra preparation which will be required from the development organization. Ide-
ally, the requirement that the documentation be annotated on the questionnaires should be spelled out in the
RFP for source selection, and as early as possible for contract monitoring.
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Primary Inputs and Outputs for Each Step

Table 2-15 lists the primary inputs and outputs for each of the defined steps in

the method, including information that is part of the SCE Method, information
from the development organization, and information that is generated by the
team based on their investigations.

Many of the inputs and outputs correspond to forms that are listed in Appendix
B on page 149. These forms are conceptual in nature; they indicate information
needed to conduct an SCE, but they are not mandatory. Other forms could be
used by a team, provided the forms contain at least the same information set.

items marked with (+) are not shown on the step diagrams as inputs and

outputs, but are included here for completeness. (For example, Figure 2-2 on

page 41 does not show the SCE team as an output).

Step Inputs Outputs
1. Develop Product Profile (+) Decision to use SCE and Target Product Profile
context for the evaluation
2. Determine Target Process Target Product Profile Target Process Capability
Capability Key process areas and Maturity
Levels from the maturity
model
3. Select SCE Team Target Product Profile (1) SCE Team
Target Process Capability
4. Create Experience Table Target Product Profile Mismatch Identification Tables
Proposed Project Profile Experience Table
Project Profiles for projects
submitted for evaluation
§. Create Critical Subprocess Target Product Profile Key Issue Table: contains the
Area List Target Process Capability Critical Subprocess Area List
Experience Table
Proposed Project Profile
Organization charts and
information
Subprocess Area Selection Tables
6. Originate Validation Critical Subprocess Area List Validation Worksheets: adds the
Worksheets (from Key Issue Table) Critical Subprocess Areas

Table 2-15: Primary Inputs and Outputs for Each Step
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Documents for initial document
review

Step Inputs Outputs
7. Select Projects to Investigate | Target Product Profile List of projects to be evaluated
Mismatch Identification Table
Proposed Project Profile
Project Profiles for projects
submitted for evaluation
8. Develop Key Issue Target Process Capability Key Issue Worksheet
Worksheet Key Issue Table
Questionnaire responses
List of projects to be evaluated
9. Develop Topic Lists Mismatch Identification Table Topic Lists
Key Issue Worksheet
Organization charts and
information
List of Subprocess Area Elements
10. Add Topics to Validation Validation Worksheets Validation Worksheets: adds the
Worksheet Topic Lists Investigation Topics and
project names
11. Prepare for Exploratory Validation Worksheets Interview schedule
Interviews Project Profiles for projects Interview Worksheets
selected for evaluation
Organization charts and
information
12. Prepare Entry Briefing Target Process Capability SCE team’s presentation
Entry Briefing Guidelines from Agenda for organizational
the SCE Method. meeting
13. Conduct Initial Organization | SCE team’s presentation Updated organization charts and
Meeting Agenda information
14. Conduct Initial Document Validation Worksheets Document review working notes
Review Updated organization charts and
information

15. Conduct Exploratory

Interview Worksheets

Completed Interview Worksheets

Interviews Interview schedule Document requests
16. Hold Team Caucus Interview Worksheets Updated Validation Worksheets
Validation Worksheets New Interview Worksheets
Document review working notes | New or revised interview schedule
Updated organization charts and Document requests
information

Table 2-15: Primary Inputs and Outputs for Each Step
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Step Inputs Outputs
17. Conduct Document Review Interview Worksheets Document review working notes
Validation Worksheets
Document review working notes
Documents requested in Steps 15
and 16
18. Develop Preliminary Interview Worksheets Preliminary findings and
Findings Validation Worksheets candidate findings,
Document review working notes Completed Validation Worksheets
19. Create Consolidation Plan Validation Worksheets New Interview Worksheets
Candidate findings Revised Interview Schedule
Updated organization charts and Document requests
information
20. Conduct Consolidation New Interview Worksheets Completed Interview Worksheets
Interviews Revised Interview Schedule
21. Conduct Final Document Interview Werksheets Document review working notes
Review Validation Worksheets Completed Validation Worksheets
Document review working notes
Documents requested in Step 19
22. Determine Findings Preliminary findings Final Findings
Completed Interview Worksheets
Completed Validation Worksheets
Document review working notes
23. Produce Findings Report Final Findings Findings Report
Completed Interview Worksheets
Completed Validation Worksheets
Document review working notes
24. Conduct Exit Briefing Final Findings Findings briefing
Table 2-15: Primary Inputs and Qutputs for Each Step
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Acquisition agency: an organization in charge of a govemment procurement
effort. For purposes of this document, an acquisition agency is the sponsoring
organization using the SCE method for a source selection.

Applicable standards: a minor attribute used in SCE. This attribute indicates
the development standards that are imposed on the project such as DoD-STD-
2167A, DoD-STD-2168, or MIL-STD-1521B.

Application of the SCE method: synonym for use of the SCE method.

Application domain: a major attribute used in SCE. An application domain is
“a bounded set of related systems (i.e., systems that address a particular type
of problem). Development and maintenance in an application domain usually
requires special skills and/or resources. Examples include payroll and
personnel systems, command and control systems, compilers, and expert
systems” [Paulk 93b]. For SCE, this is a major attribute used within the various
profiles. The application domain aftribute indicates the area of subject matter
expertise needed to translate system requirements into software requirements,
and indicates significant differences in the engineering practices which
transform the software requirements into accepted code.

Attributes: characteristics of a software product or project. For purposes of an
SCE, there are three categories of attributes: major attributes, minor attributes,
and schedule attributes. The attributes used in SCE are defined and discussed
in Appendix C on page 171.

Candidate findings: findings for which there is not yet enough objective
evidence to make a decision.

Caucus: SCE teams participate in three types of caucuses, or meetings,
during an SCE:

Ongoing team caucus (Step 16): a meeting in which SCE team members
analyze, share, and consolidate information in order to reach conclusions
about what was seen and heard as a result of probing the implementation of a
subprocess area.

Preliminary findings caucus (Step 18): a meeting in which team members
articulate conclusions about the subprocess areas based on the information
available.
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Findings caucus (Step 22): a meeting in which the team analyzes information
they have learned to date, including the consolidation interviews and Final
Document Review to determine whether the information confirms or negates
any of the preliminary findings.

Capability Maturity Model (CMM): “a description of the stages through which
software organizations evolve as they define, implement, measure, control,
and improve their software processes” [Paulk 93b]. For SCE this is a model
consisting of five maturity levels and associated key process areas (KPAs)
which are used for evaluating a development organization’s software process
capability. (See also maturity model.)

Configuration management tool: a minor attribute in SCE. This attribute
defines the tool set used on the host development system for supporting such
activities as the software build process, baselining, and version control.

Contract monitoring: one of the two primary applications of the SCE method.
In contract monitoring, SCE can serve as an input for an incentive/award fee or
can be used help the sponsoring organization tailor its contract monitoring
efforts based on the observed strengths and weaknesses of the development
organization’s processes.

Critical subprocess area: a subprocess area that is selected by the team for
evaluation. A critical subprocess area is selected from within a Target Process
Capability KPA. The set of all critical subprocess areas is the Critical

Subprocess Area List, and will be investigated at all development organization
sites. Collectively, the critical subprocess areas define the scope of the SCE.

Customer: a minor attribute in SCE. This attribute indicates who the
development is being done for. Examples include one of the DoD services ora
particular market within industry.

Development organization: an organization that develops and/or maintains
software products, which is also the recipient of an SCE.

Development organization community: all of the development organizations
that are involved with a particular use of the method. In a source selection
these are the offerors (or all of the offerors remaining after a competitive range
determination), and possibly their subcontractors.

Directive: an order or instruction describing actions that must be performed
and authorizing their performance.

124

CMU/SEI-93-TR-17




Glossary

Document review: the process of examining documents to find evidence of
the processes used by a development organization. Documents can define and
standardize processes, can indicate commitment to use the processes, can
provide an audit trail of processes that were used, and can collect data about
process performance. Three levels of documents are reviewed during an SCE:
organization-level, project-level, and implementation-level.

Element: an implementation characteristic common to all subprocess areas.
Examples of elements are policy, roles and responsibilities, procedures and
standards, training, etc. The elements are defined in Appendix A on page 133.

Final findings: output from executing the SCE method. Final findings are used
to develop the formal findings report.

Findings: includes preliminary findings, candidate findings and final findings.
Findings are strengths, weaknesses, orimprovement activities. In some cases,
an explicit finding of “no finding” can be generated. For example, if there are no
subcontractors planned to be used for a development, and no subcontractors
are involved with the projects that are evaluated, then a “no finding” would
result for the subprocess areas that deal with subcontractor management.

Host development system: a minor attribute in SCE. This attribute refers to
the computer environment which will be used for the software development.

Implementation-level documents: the third of three levels of documents
reviewed during an SCE. These are documents which provide an audit trail of
processes that were used, and can be used by the development organization
to collect data about process performance.

Improvement activity: a process improvement that is not yet
institutionalized—for exampie, a pilot program that implements a new
configuration management process. In SCE, it indicates potential mitigation of
risk due to software process.

Interview: the process of questioning personnel from the development
organization to find evidence of the processes used by the development
organization. During an SCE, the SCE team typically interviews one person at
a time. Interviews provide insight into how processes are implemented and
show the extent to which processes have been intemalized by members of the
development organization.

Key issue: the relationship between a critical subprocess area on the Critical
Subprocess Area List and a development organization or organizations. The
subprocess area is a key issue for the development organization
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¢ [f there is information known about the development organization
that relates it specifically to that critical subprocess area. As
examples, this can happen because of a mismatch in the Mismatch
Identification Table or because the organizational charts indicate a
possible risk. These observations could cause the team to identify
a particular subprocess area as a key issue that needs to be
probed.

¢ |f the subprocess area has been selected as a key issue for all

development organizations. As examples, this could happen

because the operational precedence attribute in the Target Product

Profile caused the team to identify a subprocess area as a key issue

that needed to be probed, or because the subprocess area was part

of the nucleus capability.
Key process area (KPA): “a cluster of related activities that, when performed
coliectively, achieve a set of goals considered important for establishing
process capability” [Paulk 93b]. Each KPA contributes to the environment in
which development organizations create software products. Within the CMM,
the KPAs are organized into five basic levels of process maturity to describe
the progression from an ad hoc software process to one that is well defined and
can act as a stable foundation for continuous process improvement.

Language(s): a minor attribute for SCE. This attribute indicates the
programming languages in which the code is to be written, or in which it has
been written.

Mapping: the relationship between actual practices in the software process
implementation and the KPAs.

Maturity level: “a well-defined evolutionary plateau toward achieving a mature
software process” [Paulk 93b].

Maturity model: for SCE, this is a model consisting of five maturity levels and
associated Key Process Areas (KPAs) which are used for evaluating a
development organization’s software process capability. The maturity model
used in SCE training is based on the process maturity framework defined in
Characterizing the Software Process: A Maturity Framework [Humphrey 870b],
and predates the published Capability Maturity Model (CMM) [Paulk 93a].

Operational Precedence: a major attribute used in SCE. This attribute
indicates whether the end user has previous experience with the type of system
to be built. Systems that are providing a new capability tend to have more
changes to the requirements than do ones that are replacing existing systems.
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Organization-level documents: the first (or top) level of three levels of
documents reviewed during an SCE. These are the policies and procedures
which establish the development environment for all company project activities.
Organizational level documents define the process and management
constraints the organization places on projects.

Policy: “a guiding principle, typically established by senior management,

adopted by an organization to influence and determine decisions” [Paulk 93b].

Preliminary findings: findings for a subprocess area generated during
caucus. These represent SCE team consensus about a subprocess area or
KPA, and remove the area from further consideration during the site visit.
These are the basis for the final findings.

Procedure: a written description of a course of action to be taken to perform a
given task [IEEE 91].

Process capability: “the range of expected results that can be achieved by
following a process” [Paulk 93b].

Product Type: a major attribute in SCE. The product type attribute refers to the
particular aspect of the application domain which the system will support or to
the type of service which the system will provide. For example, displays or
communications could be product types in a command and control system, a
weapons system, or another application domain. Although there may be
similarities in the communications subsystem in the various application
domains, they each have their own set of unique problems which must be
addressed.

Profiles: a profile is the set of attributes (such as the major attributes
Application Domain, Product Type, and Size) associated with a software
product and the project that develops the product. There are three types of
profiles used in SCE: Target Product Profiles, Proposed Project Profiles, and
Project Profiles. The Target Product Profile represents the “customer view” of
the product to be built, and captures the attributes of the desired product. The
Proposed Project Profile represents the development organization’s view of the
planned development. Project Profiles represent the actual attributes of
ongoing or recently completed projects.

Project-level documents: the second of three levels of documents reviewed
during an SCE. These are documents which define the development
processes in use for a particular project. Project level documents define the
detailed processes that are used to manage, coordinate, and integrate the
engineering activities required for the development.
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Project Profile: see Profiles.
Proposed Project Profile: see Profiles.

Request for Proposal (RFP): an acquisition document that describes
characteristics of the system the government wants to acquire. This document
is used to solicit proposals from commercial development organizations
(offerors) and to communicate the characteristics of the desired system to the
offerors. In source selection, this is the document that specifies that an SCE will
be performed.

Results: how the findings are used by the sponsoring organization—for
example, in risk determination for source selection.

SCE Method: a method for evaluating the software process of an organization
to gain insight into its software development capability.

Scope of SCE: the boundaries of the investigation, in terms of critical
subprocess areas within the KPAs in the Target Process Capability. Items
outside the defined scope of the SCE can’t be looked at during source
selection.

Site visit: an investigation conducted by four to six govemment personnel (the
SCE team) over a three day period at a development organization’s facility.

Size: a major attribute for SCE. The size attribute indicates the magnitude of
the product (and hence the required project). Size is composed of three related
attributes. The contract duration is the estimated or required length of time for
the development of the software product. The software team size is the number
of software developers who will be involved in the project. The estimated
software size is the amount of code to be developed.

Software development plan (SDP): “the collection of plans that describe the
activities to be performed for the software project” [Paulk 93b]. This could be,
but is not necessarily the same document referred to in DoD-STD-2167A.

Software process implementation: a tailored set of practices that defines
how software development work is supposed to be done.

Software process capability: “the range of expected results that can be
achieved by following a process” [Paulk 93b]. For purposes of an SCE, those
processes which provide a detailed environment for one or more development
teams to produce software products. The processes evaluated include
decision making processes (such as project management) and communication
processes (such as design reviews and peer reviews).

128

CMU/SEI-93-TR-17




Glossary

Source selection: one of the two primary applications of the SCE method. In
source selection, the results of the SCE are used by the sponsoring
organization to characterize the software process-related risk of awarding a
contract to an offeror. SCE is only one criterion among many used to select
software contractors in government acquisitions.

Sponsoring organization: the organization that commissions the SCE to be
performed and uses the findings.

Standard: “mandatory requirements employed and enforced to prescribe a
disciplined, uniform approach to software development” [Paulk 93b].

Strength: in SCE, strength indicates a particular part of the software process
capability that is sufficiently robust to mitigate the development risks due to
software process.

Subcontractor: a development organization that is contracted to work for
another development organization to produce software products.

Subcontractors: a major attribute in SCE. This attribute is used to indicate
whether the development organization intends to use subcontractors in the
development.

Subprocess area: a subdivision of a key process area that addresses a major
process activity within the larger cluster of related activities that make up the
KPA. Subprocess areas are subsets of the processes in the corresponding
KPA. The Critical Subprocess Area List is a set of subprocess areas which
collectively define the scope of the SCE.

Target: a minor attribute in SCE. This attribute indicates the hardware
configuration that the developed software will run on when operational.

Target Process Capability: the process capability that is most appropriate for
the planned development; the process capability desired by the sponsoring
organization for the product to be developed. The Target Process capability
consists of a set of KPAs, and establishes the boundaries of the SCE
investigation—a KPA is evaluated if and only if it is part of the Target Process
Capability.

Target Product Profile: see Profiles.

Topic: a topic defines a subject that will be probed during the investigation. A
topic is an abstraction of a work practice that corresponds to a portion of the
process implementation for the development organization. Topics are intended
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to be detailed enough to focus the investigation on observable, documented
work practices, but sufficiently abstract that they avoid prescribing how the
subprocess area is implemented.

Type of Work: a major attribute for SCE. This attribute indicates the portion of
the development life cycle which will be performed by the development
organization or the type of service to be performed. As exampies of different
types of work, in “full software development” a development organization is
required to build a product based on the system requirements, whife in “code
development only” the development organization is required to develop code
according to the system requirements and software top level design provided
by the issuing authority.

Use of the SCE method: executing the SCE method within a particular
context. To date, the two primary uses of the SCE method are in source
selection and contract monitoring. This is sometimes referred to as the
application of the method.

Weakness: In SCE, weakness indicates a particular part of the software
process capability that has characteristics that increase the risks due to
software process.
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Appendix A The Maturity Model Used in SCE
Training

This appendix describes the process maturity model as it has been used in
SCE team training. it contains the following sections:

Section name Section and page number
Process Maturity Levels Section A.1, page 135
Key Process Areas Used in the SCE Method Section A.2, page 175
Goals and Key Indicators for the Key Process Areas Section A.3, page 137
Subprocess Areas Used in the SCE Method Section A.4, page 140
Subprocess Area Elements Section A.5, page 146

Collectively, these five sections define the maturity model used in SCE in
successively more detailed layers of abstraction, from maturity level down to
the elements used to select specific topics for investigation.

The original version of the SCE method was based upon A Method for
Assessing the Software Engineering Capability of Contractors [Humphrey 87b]
The method relied on the Maturity Questionnaire’ and the maturity framework
contained in the report. The questionnaire was used to collect information
about a development organization’s software process. Site visits were used
primarily to validate the responses on the questionnaire.

Building on experience with the Maturity Questionnaire, the SEI extended the
software process maturity framework into a maturity model.2 The model
incorporated knowledge acquired from software process assessments and
feedback from both industry and government. The maturity model provided
more effective guidance for understanding and evaluating an organization’s
software development processes.

1 The “Maturity Questionnaire” refers to the “Assessment Recording Form” and the questions associated with it
that are defined in A Method for Assessing the Software Engineering Capability of Contractors
[Humphrey 87b].

2. Prior to the publication of this report, the SEI released the Capability Maturity Model for Software V1.1 (CMM)
[Paulk 93a}. The CMM evolved from the earlier maturity mode! which has been used in the SCE method. This
report documents the SCE method as it was taught prior to updating the method to include the published CMM.
Future versions of this document will reference the model defined in CMM V1.1 [Paulk 93a].
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The SCE method evolved from the “question-based” method to a “model-
based” method. in the model based method the teams collect objective
information about an organization’s software development processes during
their site visit. The mode! provides a structure for organizing and evaluating the
information coliected.
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A.1 Process Maturity Levels

A maturity level is “a well-defined evolutionary plateau toward achieving a

mature software process” [Paulk 93b]. The SCE Method uses these definitions
of process maturity levels, which are extracted from A Method for Assessing
the Software Engineering Capability of Contractors [Humphrey 87b):

1.

Initial: The initial level has ill-defined procedures and controls. The
organization does not consistently apply software angineering
management to the process, nor does it use modem tools and
technology. Level 1 organizations may have serious cost and
schedule problems.

Repeatable: At Level 2, the organization has generally leamed to
manage costs and schedules, and the process is now repeatable.
The organization uses standard methods and practices for
managing software development activities such as cost estimating,
scheduling, requirements changes, code changes, and status
reviews.

Defined: At Level 3, the process is well characterized and
reasonably well understood. The organization defines its process in
terms of software engineering standards and methods, and it has
made a series of organizational and methodological improvements.
These specifically include design and code reviews, training
programs for programmers and review leaders, and increased
organizational focus on software engineering. A majorimprovement
in this phase is the establishment and staffing of a software
engineering process group that focuses on the software
engineering process and adequacy with which it is implemented.

Managed: At Level 4, the process is not only understood but it is
quantified, measured, and reasonably well controlled. The
organization typically bases its operating decisions on quantitative
process data, and conducts extensive analyses of the data
gathered during software engineering reviews and tests. Tools are
used increasingly to control and manage the design process as well
as to support data gathering and analysis. The organization is
leaming to project expected errors with reasonable accuracy.

Optimized: At Level 5, organizations have not only achieved a high
degree of control over their process, they have a major focus on
improving and optimizing its operation. This includes more
sophisticated analyses of the error and cost data gathered during
the process as well as the introduction of comprehensive error
cause analysis and prevention studies. The data on the process are
used iteratively to improve the process and achieve optimum
performance.
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A.2 Key Process Areas Used in the SCE Method

A key process area (KPA) “identifies a cluster of related activities that, when
performed collectively, achieve a set of goals considered important for
enhancing process capability” [Paulk 93b]. The maturity model used in the SCE
method adds KPAs to the software process maturity framework to guide SCt
teams in organizing and making judgements about the process information
they collect during their site visits.

The KPAs used in SCE team training are listed in Table A-1. Footnotes are
used to indicate the relationship of these KPAs to the KPAs in CMM V1.1,

Process Maturity Levels Key Process Areas

5 - Optimized Process Improvement '

Defect Prevention

4 - Managed Process Measurement and Analysis 2

Product Quality Management 3

3 - Defined Software Engineering Process Group 4

Standards and Procedures 5

Peer Reviews

Training &

2 - Repeatable Project Management 7

Project Planning ®

Configuration Management °

Software Quality Assurance

1 - Initial

Table A-1: Key Process Areas Used in the SCE Method

1. This corresponds to “Process change management” and “Technology change management” in CMM V1.1,

2. This is called “Quantitative process management” in CMM V1.1.

3. This is called “Software quality management” in CMM V1.1.

4. This is called “Organization process focus” in CMM V1.1.

5. This is called “Organization process definition” in CMM V1.1.

6. This is called “Training program” in CMM V1.1,

7. This is called “Software project tracking and oversight” in CMM V1.1,
8. This is called “Software project planning” in CMM V1.1.

9. This is called “Software configuration management” in CMM V1.1,
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A.3 Goals and Key Indicators for the Key Process Areas

The SCE method focuses on the key process areas (KPAs) for the Repeatable
and Defined process matu.ity levels. The KPAs are defined by the goals and
key indicators listed in Table A-2 and Table A-3.

Key Process Goals Key Indicators
Area
Project » establish commitment system « commitment process defined and
Management + obtain management control over documented
projects * resources are allocated
« all commitments known, tracked, and
reviewed
» compliance is enforced
* project responsibilities defined and
documented
* issues are tracked
* process implemented for resolving
contention
¢ senior management actively involved in
oversight
+ projects reviewed at critical transitions
Project » provide framework for initiating a * scope of the work is identified
Planning project « effort size estimates have basis in reality
« provide basis for managing progress of | ¢ planned schedules have basis in reality
work ¢ cost has a documented relationship to size
and schedule
* size, schedule, and cost are regularly
monitored and updated when impacted
* progress, code and test errors, and product
capacity are tracked and utilized
Configuration | * maintain the description and  defined baselines
Management actualization of project products * effective configuration control board
« maintain records of performance of * change control process defined and
deveiopment and maintenance documented
» keep baselines and control changes to * library support system exists and is used
project products * errors reported on standard formns
* report status of project products * regression testing regularly performed and
reported
 configuration status reports produced

Table A-2: Key Process Areas for the Repeatable Maturity Level
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are followed

Key Process Goals Key Indicators

Area

Software » provide senior management and » SQAhas a separate reporting chain to senior
Quality customer with assurance that management

Assurance established standards and procedures * SQA concurrence is required for major

transitions in development

* SQA has authority to stop development

* SQAreviews all line activities

* SQA has adequate resources

* SQA provides objective evidence of their
audit for all phases of development and
maintenance

Table A-2: Key Process Areas for the Repeatable Maturity Level

Key Process Goals Key Indicators
Area
Software » provide organizational focus on process | ¢ full time resources are assigned
Engineering definition and improvement * focus is on software engineering process
Process Group | ¢ identify and investigate technologies in definition and improvement
support of process improvement = aprocess library is operational
« establish and manage a repository of  software engineering training plans
process definitions, measures of produced
effectiveness, and supporting tools * tools, indices and performance data
 provide organizational focus on available to software engineers
software engineering training needs » process review board meets regularly
» provide periodic assessment of
software engineering capability
Standards and | ¢ provide a common framework for *» documented standards exist
Procedures software development and maintenance | * responsibility for standards development
+ provide a means of measuring and maintenance is assigned
performance of work « audit criteria established and audits
* provide a common basis of routinely performed
understanding » compliance to standards enforced through
» provide a focus for improving software management review
engineering
« provide a focus for defining supporting
processes

Table A-3: Key Process Areas for the Defined Maturity Level
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Key Process Goals Key Indicators
Area
Peer Reviews | « provide a means of ensuring technical « software development plans identify peer
quality development reviews at specific phases
« provide visibility to support a common | ¢ technical review schedules documented and
basis of understanding distributed widely
* catch errors, inconsistencies, and « review assignments published
ambiguities early in development « technical review process defined and
documented
+ review findings maintained, distributed, and
tracked
Training * ensure that professional and technical * training requirements identified
staff are capable of operating in the « courses developed or procured which meet
standard softiware engineering the requirements
environment * training schedules established for all
» seek ever increasing understanding and professional and technical staff
productivity * all levels agree that needs have been met
« provide for professional development * training records maintained and reviewed
of all employees

Table A-3: Key Process Areas for the Defined Maturity Level
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A.4 Subprocess Areas Used in the SCE Method

A subprocess area is a process activity or group of closely related process
activities. Each subprocess area focuses on a particular part of the KPA
activities that are necessary for achieving the KPA goals. Subprocess areas
allow the SCE teams to focus on the particular part of an implementation of a
process that relate directly to the KPAs.

The subprocess areas which have been used in the SCE team training are
listed below. They are organized by KPA. Subprocess areas within the Project
Management and Software Engineering Process Group KPAs are grouped
together under subheadings in anticipation of the new KPAs introduced in the
Capability Maturity Model for Software (CMM) [Paulk 93a]. Some of the
subprocess areas distinguished in this manner are at the wrong maturity level
relative to the CMM; however, this does not affect how an SCE is conducted
because maturity level scores are not calculated. It does alter the category the
findings are reported under, because findings are consolidated by KPA.

The KPAs and subprocess areas listed below are marked with an indication of
their relationship to the CMM V1.1 KPAs. Here is what the annotations mean:

* (t) Indicates a KPA for which the name is changed in CMM V1.1.
The name changes are listed in Section A.2, page 136.

e (+7) Indicates a subprocess area that is now a KPA in the CMM. 1

These subprocess areas were created by the SCE project members at the SEI
to provide guidance to the SCE teams. They were derived from the KPA goals
listed in Table A-2 and Table A-3. SCE teams are not limited to this set.

Appendix D on page 175 defines a relationship between the subprocess areas
listed below and the attributes in the profiles used in SCE (such as the
Proposed Product Profile and the Project Profiles from projects that are
candidates for evaluation).

T The “Subcontracting” subprocess area is now called “Software subcontract management.” The names of the
other subprocess areas have not changed.
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Subprocess Areas for the Maturity Level 2 KPAs
Project Management Subprocess Areas @)?

General Management Functions
e commitment management process
e compliance to organizational standards
* taking corrective action; issue/action item tracking

* reviewing and oversight; oversight by senior management, and
management reviews

¢ tracking; actual vs. estimate comparison; commitment evidenced
by reviews of compliance

¢ customer interface
¢ usage and collection of performance data

Integrated Software Management (}+)

¢ risk management; recognition of risk events; cost, software
technology, resources, and schedule

¢ tailoring and selection of project process and its support
environment

¢ maintenance of process performance database

Intergroup Coordination (i)

e communicating/ obtaining consensus on the project’s system
development plans

¢ replanning the project's system plans
e coordination between project groups

Requirements Management (++)
* requirements allocation
¢ requirements change
* requirements implication evaluation
e matching software architecture to requirements; transforming
requirement into top-level design

Subcontracting (+1)
¢ subcontractor selection

¢ contracting; subcontract process
¢ coordination of work with subcontractor
¢ subcontractor monitoring

' () indicates a KPA for which the name is changed in CMM V1.1, The name changes are listed on page 136.
(11) indicates a subprocess area that is now a KPA in the CMM.
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Testing

preparing to carry out testing; test procedures
carrying out test operations

reviewing test scenarios, testbeds, and test cases
regression testing

Project Planning Subprocess Areas (1)

size estimation; software development resources, costs, and critical
target and host computer resources; the scope of work and effort
has a basis in reality

cost estimation; cost has a documented correspondence to
estimated size and schedule; software responsibility, software
engineering technical direction

planning; resource panning and management for project’s software
size, cost, and schedule, software development plan, the software
life cycle model, planning schedules, software schedules

commitment process during change
project manager’s participation with the project proposal team
usage of software process database

integration of technical direction, engineering tools and methods
into planning process, engineering and technical reviews of plans

product capacity tracking, critical target computer resources

Configuration Management Subprocess Areas (1)

status report, monitoring, configuration responsibility
change control process, standard forms for reporting errors

SCM plan; baselining of software engineering products and process
specifications; a configuration management repository for the
software baselines; software baseline audits

release of software baseline products
library support system
configuration control board

Software Quality Assurance Subprocess Areas

auditing; SQA objective evidence of audits
noncompliance resolution

reporting chain; SQA group reports, independent authority
SQA plan

SQA concurrence on milestone progress

SQA group participation
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e oversight for all process support systems; e.g., corrective action
system; data collection of defects; earned value of system deviation
handling
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Maturity Level 3 KPAs
Software Engineering Process Group Subprocess Areas (1‘)1

General Functions
¢ assignment of full-time resources, establishing and supporting

¢ coordination of review with senior project technical staff, analysis,
and evaluation of software process definition, responsibility
assignment

¢ planning systems and software process improvement; review of
existing and proposed process standards

¢ defining training requirements
Software Product Engineering (1)
¢ integrating the project's process with the SW architecture; process
change and technology transition review

¢ investigating software engineering tools and methods; tool
selection and use with gathering of performance data

¢ developing and maintaining the project's software architecture
* reviewing the system/software testing
* new technologies
Standards and Procedures Subprocess Areas (t)
¢ planning standard software process development
¢ implementing standard software process development

® process assets; a process library system; library of software
process specifications; software process database maintenance;
tailoring the organization’s standard software process

e standards for software development folders
* review standards
* human-machine interface standards
Training Subprocess Areas (7)
* planning/procuring training courses for training curriculum, courses
¢ job analysis to support each project’s training needs

¢ communicating and keeping track of delivered training; schedules
for all professional and technical staff; records of training

* delivering training; management support
¢ the organization’s training program; training requirements

' () indicates a KPA for which the name is changed in CMM V1.1. The name changes are listed on page 136.
(11) indicates a subprocess area that is now a KPA in the CMM.
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Peer Reviews Subprocess Areas

¢ planning/assigning peer reviews; technical review schedule,
process for technical reviews

¢ conducting peer reviews
* review assignments

® peer review performance; organizational database of review
activities; cost; peer review result handling.
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A.5 Subprocess Area Elements

A subprocess area is inherently too broad to investigate within the constraints
of a site visit. However, each subprocess area has common glements.! An
element is an implementation characteristic common to all subprocess areas.
These elements provide a level of structure that enables teams to ask
specifically focused yet open-ended questions during interviews and document
reviews.

When an element is tied to a specific subprocess area it becomes a topic for
investigation. A topicis an abstraction of a work practice. Topics are intended
to be detailed enough to focus the investigation on observable, documented
work practices, but sufficiently abstract that they avoid prescribing how the
topic is implemented.

The subprocess area elements are used in Step 9, Develop Topic Lists, to
specify which topics will be investigated for each subprocess area on the
Critical Subprocess Area List.

A brief explanation of the 7 subprocess area elements follows:

1. Policy: an official communique specifying organizational support
for the subprocess area in terms of organizational needs,
expectations, and general principles that all business, project, and
engineering operations are expected to observe. Policies typically
address work practices on a high level, and include discussion of
responsibility, accountability, oversight, and such things as risk to
the organization if the policy is not followed.

A policy legitimizes a work activity by

a. Authorizing parties in the organization to perform specific
functions.

b. Indicating when such functions are required.

c. Specifying the critical relationship between these functions and
other activities.

d. Defining responsibility, accountability, and oversight of the
function.

During 1992 and 1993 SCE teams were taught to use the elements dcscribed here. Other elements are being
considered for incorporation into appraisal methods based on CMM Version 1.1. The new elements will be
used by the SCE method after CMM Version 1.1 is incorporated. Although the specific elements uzed by the
method may change, the basic concept of using impfementation characteristics common to all subprocess ar-
eas to develop topics for investigation will not change.
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Roles and Responsibilities explicitly define requirements for
specific organizational support for associated subprocess area
practices within the organization. This establishes accountability for
achievement of the goals associated with each subprocess area.

Non-Human Resources. There must also be explicit aliocation of
the other resources required to support the people who have
accountability and responsibility for the work. Examples of non-
human resources include facilities, tools, and development
environments.

Procedures and Standards define processes formally, by
providing such things as guidelines, standards, methods, and
measurements to be collected. A defined process also specifies
entrance and exit criteria that must be adhered to if the process
produces a product used by another process.

Training for the defined work practice ensures the people in the
organization know what is required to perform the work practices
correctly. Training records enable the organization to identify
people that have the necessary knowledge and skill to perform the
work, and provide a track record for personnel development.

Adherence to the defined work practice is shown by objective
evidence of actual practices used. For exampie, compliance with
the entrance and exit criteria specified in the Procedures and
Standards element should be documented in some manner,
providing an audit trail or “track record” of the actual work
performed.

Improving the defined work practice addresses the related areas
of monitoring and verifying the implementation of the work
practices. Measurements are collected to monitor performance of
the work. Performance data associated with subprocess area
activities needs to be collected, reviewed, and analyzed with a view
to optimizing the defined processes.
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Appendix B Sample Forms for Use in SCE

This appendix provides examples of the forms used for planning, analysis, and
data collection throughout the SCE process. The forms included here are the
ones used during the SCE team training.” These forms are conceptual in
nature; they indicate information needed to conduct an SCE, but they are not
mandatory.

Examples of the following forms are shown in this appendix:

Form Section and page
Target Product Profile Section B.1, page 150
Proposed Project Profile Section B.2, page 152
Project Profiles Section B.3, page 154
Mismatch Identification Table Section B 4, page 156
Experience Table Section B.5, page 158
Key Issue Table Section B.6, page 160
Validation Worksheet Section B.7, page 162
SCE Questionnaire Worksheet Section B.8, page 164
Key Issue Worksheet Section B.9, page 167
Interview Worksheet Section B.10, page 169

A sample copy of each form is included along with the purpose of the form, a
summary of how the form is used, and a description of the data recorded on the
form.

1 The forms are copies of the forms used in SCE team training. The terminology of the forms is acquisition
oriented because that was the focus of the initial trairing. For example, “offeror” is used for “development
organization” on many of the forms.
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B.1 Target Product Profile

The Target Product Profile is used to specify the characteristics of the product
to be developed in terms of a standard set of attributes (the attributes are

defined in Appendix C on page 171). The Target Product Profile represents a
“customer view” of the product to be built. The Target Product Profile is used to
identify risk areas that should be given special attention during the evaluation,
to define expertise needed on the SCE team, and to provide a the team with a
basic understanding of the desired product. Figure B-1 shows a Target Product

Profile form with sample data.

Target Product Profile

Attributes

RFP Development

Major Attributes
Application Domain
Product Type

Size
Contract Duration
Software Team Size
Estimated Software Size (KSLOC)

Type of Work

Operational Precedence

Minor Attributes

Command and Control

ASW helicopters/sonobuoys

24 months
100
300

full development

no — replacement of existing system

Language(s) Ada

Target M68000

Applicable Standards DoD-STD-2167A, 2168

Customer Navy

Figure B-1: Sample Target Product Profile Form
The Target Product Profile is developed in Step 1 at the start of the SCE
process. It is created bv the sponsoring organization. The data for the form is
based on the sponsoring organization's independent cost and scheduie
estimates. In source selection, most of the Target Product Prof le information
is contained in the Request For Proposal (RFP). One Target Product Profile is
developed during an SCE.
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The Target Product Profile is used in Step 2 to determine the Target Prccess
Capability. It is used in Step 3 to show the types of experience and background
to look for when selecting team members. The operational precedence
attribute from the form is also used in Step 5 for selecting critical subprocess
areas. In Step 5, the Target Product Profile is also used to compare the
sponsoring organization’s view of the product to be built with the development
organization’s view. The Target Product Profile may also be used as an
additional input in Step 4 for creating the Experience Table and in Step 7 for
selecting projects for evaluation.

A Target Product Profile lists the names of the attributes and the characteristics
of the product in terms of the attributes. The Target Product Profile uses all the
major attributes excepi subcontractors and all the minor attributes except host
development system and configuration management tool.!

' The host development system and configuration management too/ attributes are normally not specified by the

sponsoring organization, and may be different for each development organization.
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B.2 Proposed Project Profile

The Proposed Project Profile is developed by a development organization to
describe the planned development. The Proposed Project Profile provides a
“developer view” of the planned development. The information is specified in
terms of a standard set of attributes (the attributes are defined in Appendix C
on page 171). The information is used to help evaluate a development
organization’s previous experience relative to the product being procured in
order to identify risk areas that should be given special attention during the
evaluation. The information is also used to help select projects for evaluation.
Figure B-2 shows a Proposed Project Profile form with sample data.

Proposed Project Profile

Contract Duration
Software Team Size
Estimated Software Size (KSLOC)

Type of Work

Subcontractors

Minor Attributes

Language(s)

Target

Applicable Standards
Customer

Host Development System

Configuration Management Tool

Attributes Proposed Development
Major Attributes
Application Domain Command and Control
Product Type ASW helicopters/sonobuoys
Size

24 months
120
420 KSLOC

full development

none expected

Ada

M68000
DoD-STD-2167A, 2168
Navy

VAX/NVMS

CMS and MMS

Figure B-2: Sample Proposed Project Profile Form
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When the decision to use SCE has been made, the sponsoring organization
will request that each of the development organizations prepare a Proposed
Project Profile. There will be one Proposed Project Profile for each
development organization.

In source selection, the data required for the form should be described in the
RFP.

The Proposed Project Profile is used in Step 4 along with the Project Profiles
to create the Experience Table. The Proposed Project Profile is also used in
Step 7 as a guide for selecting projects for evaluation.

A Proposed Project Profile lists the names of the attributes and the
characteristics of the project in terms of the attributes. The Proposed Project
Profile uses all the major attributes, except for operational precedence, and all
of the minor attributes.

- Operational precedence is an indication of whether the end user has previous experience with the type of

system to be built. it does not depend on the experience of the development agency.
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B.3 Project Profiles

The Project Profiles are similar to the Target Product Profile and the Proposed
Project Profile, but are derived from information about actual projects rather
than estimates about planned efforts. They are used to gather high level project
information from a development organization about previous and current
projects. The information shows experience that is relevant to the planned
development. The Project Profiles are used along with the Proposed Project
Profile to compare a development organization’s previous experience to the
planned development effort in order to identify risk areas that should be given
special attention during the evaluation. The information is also used to help
select projects for evaluation. Figure B-3 below shows Project Profiles for three
projects with sample data.

The sponsoring organization wili request that each development organization
prepare Project Profiles for six to eight projects which are similar to the
proposed project. The Project Profiles are used in Step 4 along with the
Proposed Project Profile to create the Experience Table. They are also used in
Step 7 as a guide for selecting projects for evaluation and in Step 11 to help
generate the detailed interview plan.

The first column of the Project Profile lists the names of the attributes. A Project
Profile uses all the major attributes, except for operational precedence,’ all of
the minor attributes, and the schedule attributes. (The attributes are defined in
Appendix C on page 171).

Next, the Project Profile contains a column for each project that lists the
characteristics of the projects in terms of the attributes.

- Operational precedence is an indication of whether the end user has previous experience with the type of
system to be built. it does not depend on the experience of the development organization.
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Project Profiles

Project

Able

Baker

Charlie

jo ributes

Application Domain

Product Type

Size
Contract Duration
Software Team
Size
Estimated Software
Size (KSLOC)
Type of Work
Subcontractors
Minor Attributes
Language(s)
Target
Applicable Standards
Customer

Host Development
System

Configuration
Management Too!

Schedule Data
Current Phase
Current Month
Schedule Situation
Start

Design Ends

Coding Ends

acoustic signal
processing

sonar navigation
(upgrade)

27 months

37
160 (80 new,
80 port/mod)

full development

none

CMS-2, assembly
UYK-43
DoD-STD-1679A

Navy
Univac 1100

Sigma Tech Tool

system testing
25

on schedule
month 0

month 13

month 20

acoustic signal
processing

sonar signal
analysis (upgrade)

27 months

34
150 (110 new,
40 port/mod)

full development

none

Ada, Fortran
VAX
DoD-STD-2167
Navy
VAX/VMS

CMS and MMS
(VAX tools)

integration and test
21

on schedule

month 0

month 13

month 20

command and control

helicopter drone
(subcontractor to
Mega Cormp)

29 months

27
125 all new

code development

none

Ada

M68000
DoD-STD-2167A
Navy

VAXNVMS

CMS and MMS
(VAX tools)

coding

18

2 month slip
month 0

month 15,
slipped to month 17

month 22

Figure B-3: Sample Project Profiles Form
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B.4 Mismatch ldentification Table

The Mismatch Identification Table is a tool used to analyze the experience of a
specific development organization relative to the product being procured. A
Mismatch Identification Table is prepared for each specific development
organization. Figure B-4 is a sample Mismatch Identification Table.

The Mismatch Identification Table is created by the SCE team members in
Step 4. The information to generate the form comes from the Proposed Project
Profile and the Project Profiles submitted by the specific development
organization. The team members compare the attributes of each project on the
Proposed Project Profile to the attributes on the Project Profiles.

The Mismatch Identification Table is used by the SCE team in Step 4 to prepare
the Experience Table. itis also used by the team members in Step 7 as a guide
to help select projects to investigate.

Mismatch ldentification Table

Projects Able Baker | Charlie Delta | Enigma | Fiesta | Result
Major Attributes
Application Domain 0 0 1 0 0 0
Product Type 1 1 1 0 0 0
Size 0] 0 0 0 0 0 Ps
Type of Work 1 1 0 1 1 0
Subcontractors 1 1 1 1 1 1
Minor Attributes
Language(s) 0 1 1 0 0 0
Target(s) 0 0 1 0 0 1
Applicable Standards 0 1 1 0 0 0
Customer 1 1 1 0 1 1
0 = experience mismatch, 1 = experience match
Figure B-4: Sample Mismatch Identification Table
The Mismatch Identification Table lists the names of the attributes from the
Proposed Project Profile form. Each row of the table corresponds to an
attribute. Refer to Appendix C on page 171 for a description of the attributes.
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The form has a column for each project that is a candidate for evaluation.
These columns show the result of comparing the attributes of each project that
are listed on the Project Profile with the attributes of the product being
developed, as listed on the Proposed Project Profile. A “1” is placed in the table
when the attributes match and a “0” when there is a mismatch.

The fast column is the Resuit column. It shows the attributes of the product
being procured where the development organization lacks experience. The
abbreviation of the attribute is entered in the Result column if zeros are entered
across the entire row. If there is at least one “1” in the row (i.e., there is previous
experience) then the Result column is left blank.’

- On this form, the abbreviation “Ps” stands for “Product Size.” This is used to represent the “Size” attribute.
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B.5 Experience Table

The Experience Table is used to determine the attributes of the product to be
developed for which any of the development organizations may lack previous
experience. These attributes indicate areas of risk that should be given special
attention during the evaluation. Figure B-5 is a sample Experience Table form.

The Experience Table is created by the SCE team members in Step 4. It is
created by consolidating the Result columns of each of the Mismatch
Identification Tables for each specific development organization an SCE will be
applied to."

The Experience Table is used by the SCE team members in Step 5 to help
select the subprocess areas that will be looked at during the evaluation. The
subprocess areas selected for evaluation are referred to as critical subprocess

Experience Table

Attribute Name

Sigma Tech

Offerors
Beverly Ind

Crystal City

Result

Major Attributes
Application Domain
Product Type

Size

Type of Work

Subcontractors

Minor Attributes
Language(s)
Target(s)

Applicable
Standards

Customer

Pt

Pt

Ps

Ps

Ps

Ps

Stds

Stds

Stds

Figure B-5: Sample Experience Table

1.

On this form, the abbreviation “Ps” stands for “Product Size.” This is used to represent the “Size” attribute.
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areas; collectively these subprocess areas make up the Critical Subprocess
Area List. The critical subprocess areas are the basis against which all
development organizations are evaluated.

The Experience Table lists the names of the attributes from the Proposed
Project Profile form. Each row of the table corresponds to an attribute. Refer to
Appendix C on page 171 for a description of the attributes.

The Experience Table also contains a column for each of the development
organizations to be evaluated. Each column is a copy of the Result column
from the Mismatch Identification Table for that development organization.

The last column is the Aesult column. It shows whether the development
organizations, considered as a community, lack relevant experience in any of
the attributes of the product being developed. Each row of the Result column
contains the abbreviation for the attribute if the corresponding row of any other
column contains an entry. Otherwise the entry is biank.
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B.6 Key Issue Table

The Key Issue Table is used to record the Critical Subprocess Area List that
will be used to evaluate all development organizations. The table aiso indicates
which of the critical subprocess areas should be given special attention for a
specific development organization because of a lack of experience in that area
(a Key Issue for that development organization). Figure B-6 shows a sample
Key Issue Table form.

The Key Issue Table is created by the SCE team in Step 5. The information for
the table comes from the Subprocess Area Selection Tables shown in
Appendix D on page 175, from the Target Product Profile created in Step 1,
from the Experience Table created in Step 4, and from the Critical Subprocess
Area List created in Step 5.

Key Issue Table

Critical Subprocess Areas

Sigma Tech

Offerors
Beverly Ind

Crystal City

Project Management

Commitment management
process

Taking corrective action;
issue/action item
tracking

Usage and collection of
performance data

Requirements change

Requirement implication
evaluation

Project Planning
size estimation
cost estimation

planning schedules

Ps

Ps

Ps

Ps
Ps

Pt, Ps

Ps

Ps

Pt, Ps
Pt, Ps

*

Ps

Ps

Ps

Ps
Ps

Figure B-6: Sample Page of a Key Issue Table

160

CMU/SEN-93-TR-17




Appendix B: Sample Forms for Use in SCE

In Step 5, the team members select critical subprocess areas based on the
experience of the development organizations and on whether the end user has
experience with similar systems (operational precedence). The team also
selects subprocess areas that represent basic processes that a development
organization would need for any software development effort. This is referred
to as a nucleus capability. Collectively, these subprocess areas form the
Critical Subprocess Area List. This list does not have a separate form—the Key
Issue Table is used to document the Critical Subprocess Area List.!

There is one Key Issue Table created for an SCE. The table will probably have
multiple pages. The Key Issue Table is used in Step 8 to develop the Key Issue
Worksheet.

The Key Issue Table lists all the Key Process Areas (KPAs) inciuded in the
Target Process Capability. The critical subprocess areas are listed under the
KPA with which they are associated. Theie will be at least one subprocess area
selected for each KPA in the Target Process Capability.

The form also contains a column for each development organization. These
columns show why a subprocess area was selected and whether the
subprocess area needs to be given special attention for a specific development
organization. (This indicates that the subprocess area is a key issue for the
organization.) The following criteria are used to indicate the relationships
between the development organizations and the subprocess areas:

* [f asubprocess area was selected because of a lack of experience
for a particular project attribute, as indicated in the Experience
Table, the abbreviation for the attribute is entered in the column for
each development organization that lacked experience.?

* |f the subprocess area was selected because the end user lacks
operational precedence with similar systems (as indicated on the
Target Product Profile), the column contains the abbreviation “Op”.

¢ |f the subprocess area was selected because it is associated with a
nucleus capability, the column contains an asterisk (“*”).

¢ [fthere is no entry in the column, it means the subprocess area was
selected because of a lack of experience elsewhere in the
development organization community, or added to the list because
of team judgment. This subprocess area will be investigated, but the
team may decide to spend more time on other subprocess areas.

. The example uses abbreviations for the subprocess area names. For the complete name, please refer to

Appendix A on page 133.

2. On this form, the abbreviation “Ps” stands for “Product Size.” This is used to represent the “Size” attribute.
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B.7 Validation Worksheet

The Validation Worksheet contains the topics that will be explored during the
site visit for a specific development organization. The worksheet is used to
record the team’s consensus on the data they have coliected for each topic.
Figure B-7 below shows a sample Validation Worksheet.

The Validation Worksheet is prepared by the SCE team. In Step 6, the team
members create a set of Validation Worksheets. One worksheet is created for
each subprocess area in the Critical Subprocess Area List, as documented on
the Key Issue Table. A copy of the set of worksheets is made to be used for
eazch development organization. In Step 10, the team members add topics for
each subprocess area to the worksheets (the consolidated topic list is created
in Step 9).

In Step 11, the Validation Worksheets are used to generate interview
questions. The Validation Worksheets are used throughout the site visit to
record when consensus has been reached on a topic and to determine what
topics need to be pursued in follow-on interviews and document reviews.

The top of each page of the form contains the name of the KPA and subprocess
area,’ and a space for the name of each project being evaluated. The names
of the projects are preceded by a letter that is used to identify the information
for a project.

The form contains a row for each topic associated with the subprocess area.
The topics are listed in the first column.

The next four columns are subdivided into rows for each of the projects being
evaluated. The first of these columns contains the letter to indicate which
project the information in the row is associated with. The other three columns
are used to record whether the team reaches a consensus on a topic for a
project as a result of exploratory interviews, documentation reviews, or
consolidation interviews.

The last column of each row is used to record the composite finding on the topic
for the organization.

1. The example uses abbreviations for the subprocess area names. For the complete name, please refer to

Subprocess Areas Used in the SCE Method on page 140.
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Carnegie Mellon University

==—="software Engineering Institute SCE Validation Worksheet
Projects: ~ A.__Able B._Baker C._Charlie D.
S
| Project Planning | % Explore  Doc Consolid
Size Estimation a Interview Review Interview Qrganization
policy A
B
Cc
D
roles and responsibilities A
B
Cc
D
non-human resources A
B
C
D
training for the defined work A
practice B8
C
D

List of people interviewed:

Figure B-7: Sample Page of a Validation Worksheet
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B.8 SCE Questionnaire Worksheet

Each development organization completes a questionnaire for the projects that
the team may evaluate. Usually questionnaires are completed for all of the six
to eight projects that are candidates for evaluation. (These are the same
projects listed on the Project Profile form.) in some cases, the questionnaire will
only be required for the 3 to 4 projects selected for evaluation (see information
Request Timetable on page 117).

The questionnaire is used to collect information about the software
development processes used on the projects that will be evaluated. The
questionnaire provides an initial data input to the SCE team about the
processes in use.

The questionnaire currently used is called the Maturity Questionnaire.! The
Maturity Questionnaire is contained in A Method for Assessing the Software
Engineering Capability of Contractors [Humphrey 87b].

The SCE Questionnaire Worksheet is used to summarize the questionnaire
responses submitted by a development organization. Figure B-8 is a samr’
page from an SCE Questionnaire Worksheet. The example questions shown
on the form are drawn from the Maturity Questionnaire.

The SCE Questionnaire Worksheets are prepared in Step 8. A worksheet is
prepared for each development organization. The worksheet will have multiple
pages. The SCE team members copy the information from the questionnaire
for the projects selected for evaluation. The worksheets make it possible to
compare results from all projects and to map question responses to
subprocess areas to be investigated.

The SCE Questionnaire Worksheets are used by the SCE teams in Step 8 in
the preparation of the Key Issue Worksheet. The SCE Questionnaire
Worksheets are reviewed for inconsistencies and anomalies which indicate
critical subprocess areas that should receive special attention for a specific
development organization.

The top line of the SCE Questionnaire Worksheet contains the names of the
projects that are being evaluated. The names of the projects are preceded by
a letter that is used to indicate which project a response corresponds to.

- A questionnaire based on CMM Version 1.1 is under development. The new questionnaire will be used by the

SCE method to provide initial data inputs to an SCE after CMM Version 1.1 is incorporated into the method.
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The rows of the SCE Questionnaire Worksheet are grouped by KPA and
subprocess area. The name of the KPA is listed in a box at the top of the page.
The name of the subprocess area’ is listed at the top of the group of rows.
There may be more than one subprocess area group on a page.

Under each subprocess area heading are the rows of questions that are related
to the subprocess area. The questions are listed in boxes in the left column of
the form. The question number is shown in the upper left comer of the box. The
maturity level that the question corresponds to is listed in the upper right comer
of the box.

The next two columns are subdivided into rows for each of the projects
evaluated. The first of these columns contains a letter to indicate which project
the response is for. The second of the two columns is used to record the
responses to the questions from the questionnaire.

The last column of each row is used to record any comments from the
questionnaire.

1.

The example uses abbreviations for the subprocess area names. For the complete name, see Subprocess
Areas Used in the SCE Method on page 140.
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B.9 Key Issue Worksheet

The Key Issue Worksheet is used to support the analysis of the Questionnaire
Worksheets prepared for each development organization. itis used to indicate
which subprocess areas should receive special attention during the evaluation
because of apparent inconsistencies or anomalies in the questionnaire

responses. Figure B-9 shows a sample Key issue Worksheet.’

The Key Issue Worksheet is created by the SCE team in Step 8. The
information comes from the Key Issue Table and from the Questionnaire

Worksheet.

Key Issue Table/Worksheet

Critical Subprocess
Areas

Offeror’s Lack
of Experience

Able

Selected Projects

Baker

Charlie

Project Management

Commitment management
process(Ps)

Taking corrective action;
issue/action item
tracking(Ps)

Usage and collection of
performance data(”)

Requirements change(*)

Requirement implication
evaluation(Ps)

Project Planning

size estimation(Ps)

cost estimation(Ps)

planning schedules(")

Ps

Ps

Ps

Ps

Ps

An243N

AnY

AnY

Inc2.1.14N
inc2.116Y

Figure B-9: Sample Page of a Key Issue Worksheet

Note the training form is labelled “Key Issue Table/Worksheet.” This was originally done to show the close

relationship between the Key Issue Table and the Key Issue Worksheet. The name Key Issue Worksheet is
used throughout the text to avoid confusing the forms.
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The Key Issue Worksheet is used in Step 9 to develop the topic lists that will
guide the interviews and document reviews for a specific development
organization.

The Critical Subprocess Areas column of the Key Issue Worksheet is taken
from the Key Issue Table (Figure B-6 on page 160). It lists the KPAs and the
criticat subprocess areas’ that will be investigated.

The second column shows why each subprocess area is important with regard
to the specific development organization.2 itis the same as the column from
the Key Issue Table that shows the experience mismatches for the
development organization (see Section B.6 on page 160).

There is also one column for each of the projects selected for evaluation. This
column is used to record the results of the review of the SCE Questionnaire
Worksheet for inconsistencies and anomalies. An anomaly occurs when the
response to one question by one or more projects is different. An inconsistency
occurs when responses to two questions for the same project are apparently in
conflict.

Anomalies and inconsistencies are recorded in the rows corresponding to the
subprocess areas to which the question applies. The subprocess area is given
on the SCE Questionnaire Worksheet. When an anomaly is found, the question
number and the response for each project are recorded. When an
inconsistency is found, the question numbers and the responses to each of the
questions are recorded.

1.

2.

The example uses abbreviations foi the subprocess area names. For the complete name, please refer to
Subprocess Areas Used in the SCE Method on page 140.

On this form, the abbreviation “Ps” stands for “Product Size.” This is used to represent the “Size” attribute.
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B.10 Interview Worksheet

The Interview Worksheet is used as a guide for an interview with a specific
person. It contains the KPAs and subprocess areas that are to be investigated
for that person with questions that will be asked. The worksheet is used to
record the responses to the interview questions. Figure B-10 below shows a
sample Interview Worksheet.

The Interview Worksheets for the exploratory interviews are prepared by the
SCE teamin Step 11. Additional Interview Worksheets may be prepared during
the team caucus sessions at the site interview as the need for follow-on
interviews is determined. The information for the Interview Worksheets comes
from the Validation Worksheets.

The Interview Worksheets are used by the team members to record the
interview responses throughout the site visit.

The Interview Worksheet contains two columns. The first column contains the
questions to be asked and any notes, such as types of documentation to
request, that may be needed during the interview. This column should also
contain the KPA and subprocess area’ that the question is associated with.
The second column is used to record the responses to the questions.

The Interview Worksheet also contains the position of the person being
interviewed, the name of the person, and the time of the interview.

- The example uses abbreviations for the subprocess area names. For the complete name, please refer to
Subprocess Areas Used in the SCE Method on page 140.
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Interview Worksheet
Interviewee's Name:.....cccoveieemieieenvennins Position:.......ccoeevveeeennn. Date................
Time:..............
Question Response

Project Management
commitment management
process

Please start by telling us about
this division and its software
development goals.

Project Management
reviewing and oversight

How do you exercise control over
the project?

How do you know they're
following standards? Meeting
requirements?

Project Planning
size estimation

What is your involvement in the
planning of software projects?
(size, cost & schedule est.)

Project Management
subcontractor monitoring

How do you contro! your
subcontractors?

- Insure they're performing
software process improvement?
- Measure them?

Figure B-10: Sample Page of an Interview Worksheet
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Appendix C  Attribute Definitions

This appendix contains the definitions of the standard product and project
attributes as they are used in the SCE method during the first three phases
(Evaluation Start, General Preparation, and Specific Preparation). The
attributes are used to specify important characteristics of a product or project
so that comparisons can be made in a systematic way.

C.1  Major Attributes

The major attributes are used to compare previous experience on the part of
the development organization and end user to the experience needed for the
current development. This comparison is used to identify potential risk areas

that should be looked at during the SCE. The major attributes are also given

first consideration when selecting projects for evaluation.

The major attributes are used in creating the Target Product Profile, the
Proposed Project Profile, the Project Profiles, the Mismatch Identification
Table, the Experience Table, the Key Issue Table, and the Key Issue
Worksheet. They are also used as a guide for selecting subprocess areas from
the Subprocess Area Selection Tables shown in Appendix D on page 175.

Application domain

Product type

The application domain attribute indicates the area of subject matter expertise
needed to translate system requirements into software requirements.

There is no accepted taxonomy of application domains; however, the concept
is widely understood and used. Information systems, command and control
systems, weapon systems, simulation systems, training systems, avionic
systems, sensing systems, and so on are all recognized and accepted as
different application domains. What makes application domains different is the
operational environment that uses the system. The unique characteristics of
the operational environment are

¢ The mission for which the system is needed,

* The roles and responsibilities of the people who interface with the
system.

¢ The resources that the system depends upon, which defines the
potential limit of the services that the system can provide the people
in the operational environment.

The product type attribute refers to the particular aspect of the application
domain which the system will support or to the type of service which the system
will provide. It may be considered a subset of the application domain.
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Size

Type of work

For example, communications or displays could be product types in a
command and control system, a weapons system or other application domain.
Although there may be similarities in the communications ~ubsystem in the
various application domains, they each have their own sc. of unique problems
which must be addressed.

The size attribute is composed of three related attributes. The contract duration
is the estimated or required length of time for the development of the software
product. The software team size is the number of software developers who will
be involved in the project. The estimated software size is the amount of code
to be developed.

There is no standard way of measuring the size attributes. For the purposes of
an SCE, the specific method used is not important as long as the method is
used consistently so that comparisons will be meaningful.

in some of the training materials, this attribute is referred to as “Product Size,”
and abbreviated “Ps.”

The type of work attribute indicates the portion of the development life cycle
which will be performed by the development organization or the type of service
to be performed. The type of work may indicate subprocess areas that should
receive more or less emphasis during an SCE. The following are examples of
different types of work that may be required:

¢ Full Software Development: The development organization is
required to build a product based upon the system requirements.
The development organization will typically be required to complete
software requirements, top level design, detailed design, code and
unit test, and acceptance testing at the development organization’s
site. The development scope is the same as or similar to the phases
described in DoD-STD-2167A.

¢ Code Development Only: The development organization is required
to develop code according to the system requirements and software
top level design provided by the issuing authority. This type of
development might be done under a delivery order contract. The
development organization may do the detailed design, coding,
integration, and testing, but the system testing may be done by the
customer.

¢ System Development Without Coding: The development
organization may be required to do all the work except the software
detailed design and development.
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¢ A Prime Contract Acquisition: In a large system acquisition there
may be many organizations who subcontract significant parts of the
system, especially software parts. The prime contractor allocates
system requirements to the subcontractor, integrates the
components, and conducts acceptance tests.

Subcontractors

The subcontractors attribute is used to indicate whether the development
organization intends to use subcontractors in the development. If there are no
plans to use subcontractors for a development then subcontract management
does not need to be evaluated. On the other hand, this could be the most
important subprocess area where a critical part of the software is expected to
be subcontracted and the prime contractor will be the integrator.

Operational precedence

The operational precedence attribute indicates whether the end user has
previous experience with the type of system to be built. The values for this
attribute are no (meaning operational precedence is not a factor—the end user
has experience with similar systems), or yes (meaning the system is
unprecedented to the end user.) Systems that are providing a new capability
tend to have more changes to the requirements than systems that are replacing
existing systems. The more unprecedented a system is, the more dynamic the
requirements will be.

C.2 Minor Attributes

Language(s)

Target

The minor attributes are used on the Target Product Profile, the Proposed
Project Profile, the Project Profiles, the Mismatch Identification Table, and the
Experience Table. They provide additional information which may be used in
selecting projects for evaluation.

The language attribute indicates the programming languages in which the code
is to be written, or in which it has been written.

The target attribute indicates the hardware configuration that the developed
software will run on when operational.

Applicable standards

The applicable standards attribute indicates the development standards that
are imposed on the project such as DoD-STD-2167A, DoD-STD-2168, or MIL-
STD-15218.
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Customer
The customer attribute indicates who the development is being done for.
Examples include one of the DoD services or a particular market within
industry.

Host development system
The host system attribute refers to the computer environment which will be
used for the software development.

Configuration management tool
The configuration management tool attribute defines the tool set used on the
host development system for supporting such activities as the software build
process, baselining, and version control.

C.3 Schedule Attributes

The schedule attributes are used on the Project Profiles. They identify where
the development organization is in relation to the project's schedule. The
schedule attributes are used in selecting projects to be evaluated.

Current Phase

The current phase attribute refers to the life cycle phase of the development
which the project is currently in, such as design, coding, integration, or
acceptance testing.

Current Month

The current month attribute is the number of months since the start of the
project.

Schedule Situation

The schedule situation attribute indicates whether the project is on schedule. If
the actual progress is different from the schedule it shows how many months
ahead of or behind schedule the project is.

Start

The start attribute shows when the project actually begins relative to the start
of the contract.

Design Ends
The design ends attribute shows how long after the start of the project the
design phase was completed or is scheduled to be completed.

Coding Ends

The coding ends attribute shows how long after the start of the project the
coding phase was completed or is expected to be completed.
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Appendix D Subprocess Area Selection Tables

The tables in this appendix are provided as an aid to help SCE teams select
critical subprocess areas during Step 5. The tables were created by the SCE
project members at the SEI for guidance only. SCE teams are expected to use
their experience and judgement to select critical subprocess areas based on
the requirements of the particular development.

Factors considered in selecting critical subprocess areas are the following:
¢ What processes would an organization need to manage the aspects

of the project which are new to the organization?

¢ |f the product being developed is new to the end user, what
processes will the development organization need to manage the
anticipated requirements changes?

* What are the basic processes that a development organization
would need for any software development effort?
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How To Read the Tables in this Appendix

This appendix contains a table for each key process area (KPA) in the
Repeatable and Defined levels. The tables contain the following columns.

Subprocess Areas Column

Each row under this column corresponds to a subprocess area associated with
the KPA. Some of the subprocess areas contain other subprocess areas.
These “higher level” subprocess areas are indicated by boldface type.’

Major Attributes Columns (ApD, Pt, Ps, Tw, and Sub)

A black square () in the column for an attribute indicates that the subprocess
area listed in that row may be important to the development organization for
managing the risk associated with a lack of experience relative to that attribute.
These columns correspond to the five major attributes from the Experience
Table created in Step 4. The Experience Table shows where any of the
development organizations may lack experience with regard to some attribute
of the new project. Refer to Appendix C on page 171 for a definition of each
attribute.?

Operational Precedence (Op) Column

A black square (m) in this column indicates that the subprocess area listed in
that row may be important for managing the level of requirements changes
which may be anticipated if end users do not have experience with similar
products. The Op column corresponds to the operational precedence attribute
from the Target Product Profile developed by the sponsor. This attribute
indicates the degree to which the product being developed may be new to the
end user. Refer to page 173 for a definition of the operational precedence
attribute.

Nucleus Capability (*) Column

A black square (H) in this column indicates that the subprocess area listed in
that row is part of the recommended nucleus capability. Nucleus capability
refers to a basic set of subprocesses which are needed for aimost any software
development.

Most of these became KPAs in the Capability Maturity Model (CMM) Version 1.1 [Paulk 93a), and were estab-
lished in anticipation of that version of the CMM. Some of the subprocess areas distinguished in this manner
are at the wrong maturity level relative to CMM Version 1.1; however, this does not affect how an SCE is con-
ducted, because maturity level scores are not caliculated. It does alter the category the findings are reported
under, because findings are consolidated by KPA.

The abbreviation Ps stands for “Product Size.” Product Size refers to the “Size” attribute.
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Repeatable Level Key Process Areas (KPAs)

Key to Abbreviations

ApD Application Domain Tw  Type of Work Op Operational Precedence
Pt Product Type Sub  Subcontracting * Nucleus Capability
Ps Product Size

Repeatable Level Kev Process Area: Project Management

Subprocess Areas Major Attributes
ApD | Pt Ps Tw Sub | Op *

General Maaagement Functions

.:_commmnentmanagementprocess el e om [ Y |

compliance o oganizationalsandacts
taking comrective action; iss.‘,ammmmmg ‘» = -

‘reviewing and oversxght, oversxght by senior - i | ]
management, and management rev:ews S

’tmckmg,acmaivs esumatecompanson, G
cemmxmentevxdencedby reviews of comphancc

usage andcoﬂecnonofpexformancedaxa o e -

SubprocessArea: . .
Integrated Software Management

‘risk management; recognition of risk events; oost, [ | [ ] [ | n
software technology, resources, and schedule-

tailoring and selection of project p:occss and s
support environment

maintenance of process performance database

coordination between project groups | u | |
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Repeatable Level Kev Process Area: Project Management
A \ -~

Subprocess Areas Major Attributes
ApD | Pt Ps Tw | Sub | Op | *

Subprocess Area: Requirements Management [ | | | |

requirements allocation

reqmrementschange o S : ]

reqm:ements implication evaluation S ]

lmatchmg software archxtecune 0 Tequirements; -
*t:msformmg mqmtement into topvievel design

'_canymgouttestopetauons

revxewmg test scenmos, mstheds aydtestmses
regressiontesting o .
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Appendix D: Subprocess Area Selection Tables

Key to Abbreviations

ApD Application Domain Tw Type of Work Op Operational Precedence
Pt Product Type Sub  Subcontracting * Nucleus Capability
Ps Product Size

Repeatable Level Key Process Area: Project Planning

Subprocess Areas Major Attributes

ApD | Pt Ps Tw Sub | Op *

size estimation; software development resources, u u [ n B
costs, and critical target and host computer resources;
the scope of work and effort has a basis in reality

cost estimation; cost has a documented [ ] ] | | [ ]
correspondence to estimated size and schedule;
saftware responsibility, software engineering
technical directioni =

planning; resource panning and management for | |
project’s software size, cost, and schedule, software

development plan, the software life cycle model, - -
planning schedules, software schedules - = -

commitment process during change. . [ ] [ | | | ]

project manager’s participation with the project - ] = | |
proposal team ' SR
usage of software process database

ixtegration of technical direction, engineering tools ] n | |
and methods into planning process, engineering and
technical reviews of plans

pr~duct capacity tracking, critical target computer
resources
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Appendix D: Subprocess Area Selection Tables

Repeatable Level Key Process Area: Configuration Management

Subprocess Areas

Major Attributes

ApD

Pt

Ps

Tw

Sub | Op *

status report, monitoring, configuration responsibility

change control process, standard forms for reporting
errors

SCM plan; baselining of software engineering
products and process specifications; a configuration
management repository for the software baselines;
software baseline audits

release of software baseline products

library support system

configuration control board

Repeatable Level Key Process Area: Software Quality Assurance

Subprocess Areas Major Attributes
ApD [Pt |Ps |Tw |Sub {Op |*

auditing; SQA objective evidence of audits |
noncompliance resolution a | u . | |
reporting chain; SQA group reports, irdependent n
authority
SQA plan [
SQA concurrence on milestone progress | ]
SQA group participation
oversight for all process support systems; e.g.,
corrective action system; data collection of defects, | [ |
earned value of system deviation handling
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Appendix D: Subprocess Area Selection Tables

Defined Level Key Process Areas (KPAs)

Key to Abbreviations

Ps Product Size

ApD  Application Domain Tw Type of Work
Pt Product Type Sub  Subcontracting

Op Operational Precedence

* Nucleus Capability

Subprocess Areas

Defined Level Key Process Area: Software Engineering Process Group

Major Attributes

ApD

Pt Ps Tw Sub | Op *

Genera_l Functions

supporting

assignment of full-time tesources, establishing and '

coordination of review with senior project technical
-staff, analysis, and evaluation of software process -
definition, responsibility assignment '

planning systems and software process improvement;

review of existing and proposed process standards
defining training requirements :

Subprecess Area: Software Product Engineering

integrating the project’s process with the SW-
architecture; process change and technology
transition review ’

investigating software engineering tools and
methods; tool selection and use with gathering of
performance data

developing and maintaining the project’s software
architecture

reviewing the system/software testing

new technologies
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Appendix D: Subprocess Area Selection Tables

Defined Level Key Process Area: Standards and Procedures

Subprocess Areas Major Attributes

ApD | Pt Ps Tw | Sub |Op | *
planning standard software process development | ] n n

implementing standard softwate process
development

process assets; a process libraty system; library of -
software process specifications; software process n u » u
database maintenance; taﬁormg the orgamzatxon’ :

standard software process b

standards for software developmcnt folders o [ |
teview standards 8
human-machine interface’ standards

Defined Level Key Process Area: Training

Subprocess Areas Major Attributes

ApD | Pt Ps Tw | Sub |Op | *

planning/procuring training courses for tmmmg 1 n ] [ u a
curriculum, courses

job analysis to support each projéct’s training needs

communicating and keeping track of delivered [ /]
training; schedules for all professional and technical
staff; records of training

delivering training; management support

the organization’s training program; traming
requirements
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Appendix D: Subprocess Area Selection Tables

Key to Abbreviations

ApD Application Domain Tw Type of Work Op Operational Precedence
Pt Product Type Sub  Subcontracting * Nucleus Capability
Ps Product Size

e

Defined Level Keyv Process Area: Peer Reviews

Subprocess Areas Major Attributes

ApD [Pt |Ps |Tw |Sub ;Op |*

planning/assigning peer reviews; technical review u | n n |
schedule, process for technical reviews

conducting peer reviews

review assignments

peer review performance; organizational database of
review activities; cost; peer review result bandling
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