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ABSTRACT

Software reviews, including design reviews, are conducted on most software-intensive
Defence projects and are an important component of the software acquisition process.
However, software reviews are often conducted in an ad hoc manner, and many are
inefficient. This report investigates an alternative process for reviewing software
designs that is based on the Software Architecture Analysis Method (SAAM).

The SAAM review process is driven by the identification of scenarios that capture how
the system might be used or modified. This report describes a case study of the SAAM
review process. According to the results of the study, the SAAM review process offers
potential benefits over the traditional design review process in the identification and
clarification of requirements, but was less effective at identifying conflicts and trade-
offs. Consequently, it is recommended that projects continue to use traditional review
processes, and where appropriate, supplement these reviews with SAAM reviews to
clarify and identify requirements.
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Software Design Reviews Using the Software
Architecture Analysis Method: A Case Study

Executive Summary

Software reviews are conducted on most, major, software-intensive, Defence projects
and are an important component of the software acquisition process. However,
software reviews are often conducted in an ad hoc manner, and many are inefficient.
This report investigates an alternative process for the review of software designs that is
based on the Software Architecture Analysis Method (SAAM).

The SAAM process uses a facilitator and scenario-driven review process. That is,
participants identify many scenarios that describe the potential uses of system and
select some of these scenarios for further evaluation during the review.

This report describes a case study that was conducted to characterise the SAAM review
process and to allow a preliminary comparison between SAAM reviews and traditional
software reviews. The reviews were characterised according to the goals and roles of
the participants, the perceived benefits of using scenarios and a facilitator, the
performance of the review, and the negotiation stumbling blocks encountered by the
participants.

The case study focused on the SAAM review of the EXC31TE OCP/IMAD architecture
that was developed to explore the feasibility and benefits of incorporating OCP
technology into Concept Technology Demonstrators, such as IMAD. Four sources of
information were used to characterise the EXC31TE review: a pre-review questionnaire;
observation of the review; a post-review questionnaire; and meeting artefacts, such as
the minutes of the review meeting.

The results of the case study were compared with the results of previous field (Project
Llama, JP2030) and laboratory studies of software reviews. These studies focused on
software reviews conducted in different environments - eg within a laboratory or
industrial setting rather than a research environment. Therefore, the results only
provide an indication of the relative strengths and weaknesses of SAAM reviews and
traditional reviews.

It appears that SAAM reviews offer benefits over traditional software reviews in
clarifying and refining requirements.- Therefore, SAAM reviews might be beneficial in
Defence projects, such as those procured using Evolutionary Acquisition, that do not
have a complete set of clearly defined requirements. Other potential benefits of SAAM
reviews, which need to be confirmed by additional studies, include increased
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participation from meeting attendees and greater retention, or more detailed records,
of the issues discussed during the meetings. However, SAAM reviews provide only a
limited ability to identify conflicts and trade-offs. Furthermore, the SAAM participants
perceived that some of the SAAM procedures, such as the voting process, were biased.
It is possible that modifications to the voting process, and increased facilitator training
could address both these limitations of SAAM reviews. However, until additional
studies are conducted, SAAM reviews cannot be recommended as a replacement for
traditional design reviews. It is recommended that Defence continue to conduct
traditional reviews and that, where appropriate, these reviews are supplemented by
SAAM reviews.
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1. Introduction

joint software reviews are conducted on most major, software-intensive, Defence
projects, and they form an important component of the software acquisition processes
(MIL-STD-498 1994; ISO/JEC 12207 1995). Defence invests considerable resources
in the conduct of reviews, including the review of software-related artefacts. Regular
reviews are conducted on major acquisitions, often involving tens of people for days at
a time. However, ad-hoc evidence collected during interviews by the author in 1997
reveals that the participants in many joint software reviews consider them to be
inefficient. That is, the review participants believe that it takes a long time to identify
issues or defects using joint software review techniques. Nevertheless, it is
acknowleged that joint software reviews are required because of the benefits of early
issue detection.

The negotiation literature (eg Lutharis 1985; Shea and Guzzo 1987), and formal studies
of software reviews (Kingston et al. 1999c) indicate that the joint software reviews are
inefficient and that the poor performance of joint software reviews arises because of
differences in the goals of the review participants. In the presence of different or
conflicting goals, the participants in meetings, such as joint software reviews,
encounter more negotiation stumbling blocks when their goals are different or
conflicting, than when they are similar (Foroughi et al. 1995; Kingston et al 1999c).

This report describes a study of an alternative review process with the potential to
align the goals of participants and to reduce the negotiation stumbling blocks
encountered by the participants. The alternative process is based on the Software
Architecture Analysis Method (SAAM) proposed by the Software Engineering Institute
(SEI) (Kazman et al. 1996). SAAM reviews are based around scenarios, which the
participants select as the focus for the review. SAAM reviews also use an independent
facilitator to coordinate the review. Section 2 describes the SAAM review process in
more detail.

The proponents of SAAM claim that the approach helps elicit the goals of the
stakeholders and clarify the goals for the review (Bass et al. 1998). The negotiation
literature suggests that facilitators can be used to reduce negotiation stumbling blocks.
For example, Lewicki (1992) identifies several techniques that facilitators have used to
reduce the impact of negotiation stumbling blocks. These include reducing the impact
of conflict by ensuring that discussions are based on facts and not suppositions, by
identifying areas on which the negotiators agree, and by identifying alternative options
that stimulate the negotiation. This report describes a study that investigated the
validity of these claims in the context of joint software reviews.

Section 3 defines the research objectives for the study and a model showing the
importance of negotiation stumbling blocks on the review process. The study was
designed not only to compare SAAM reviews with other software reviews, but also to
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characterise SAAM reviews. The characterisation was designed to capture information
about the activities conducted during the review, the participants' goals, the
negotiation stumbling blocks encountered during the review, and the performance of
the review. This characterisation provides valuable information about the review
process, and could also form the basis for additional, more detailed studies of SAAM
reviews.

The study was conducted on the review of the architecture for the EXperimental
C31 Technology Environment (EXC31TE) OCP/IMAD system. The prototype
architecture aimed to investigate the integration of the Object Computing Platform
(OCP) tool suite, developed by Object-Oriented Propriety Limited (OOPL), with the
Image Management and Dissemination (IMAD) testbed developed by DSTO. Section 4
discusses the research method and explains why a case study of the EXC31TE
OCP/IMAD system was conducted. The study design uses questionnaires,
observations and analysis of the meeting minutes to provide information about SAAM
reviews. These three techniques were used to provide information about three distinct
areas. The first area concerns the participants' goals, and how the goals were managed
during the SAAM review (Section 5). The second area concerns the performance
characteristics of the review (Section 6). The third area relates to the negotiation stumbling
blocks encountered during the review (Section 7). Sections 5-7 each discuss the detailed
research questions and hypotheses related to the area, the variables and analysis
approach used to investigate the area, and the relevant results from the study.

Section 8 considers the general implications of the results from all three areas given the
strengths and limitations of the study design, and Section 9 summarises the
implications, and provides recommendations, for Defence.

2. SAAM Reviews

The SAAM review process is a modem review technique that aims to aid the
evaluation and understanding of software architectures, and 'to address quality
concerns such as maintainability portability, modularity, reusability, and so forth"
[Kazman et al, 19941. SAAM reviews are a modem review technique that is becoming
increasingly popular. The main features of the SAAM review process are the use of a
facilitator and a special review process that is driven by scenarios. The participants in
a SAAM review identify, and select, scenarios to drive discussions about the software
architecture. Section 2.1 describes the SAAM review process in detail.

A scenario is a "brief description of a single interaction of a stakeholder with a system"
(Bass et al. 1998). Table 1 gives some examples of SAAM scenarios that are taken from
(Bass et al. 1998). Note that other software review techniques, such as Porter et al's
(1995) scenario-based inspection approach, use different definitions of the term
'scenario'. SAAM scenarios are developed to evaluate and explore the architecture or
design of a specific system.

2
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SAAM scenarios were proposed as a means of capturing the goals of the stakeholders
and then selecting a subset of these goals as the goals for the review of the software
architecture (Bass et al. 1998). If successful, this approach should improve the
performance of joint software reviews by aligning the goals of the review participants -

the presence of different or conflicting goals has been shown to reduce the number of
issues raised during a software review (Kingston et al. 1999c).

Table 1: SAAM scenarios. Adapted from Bass et al. 1998.

System The KWIC system takes sentences as input and outputs permnutations
(circularly shifted) of those sentences in alphabetical order. The KWIC
system could be required to operate in an incremental or a batch fashion.
An incremental version would work by accepting one sentence at a time
and producing an alphabetical list of all permutations of all sentences
that had been given as input to date.

Scenarios Make the KWIC program eliminate entries beginning with "noise"
words.
Change the internal representation of sentences (eg compressed versus
uncompressed).
Change the internal representation of intermediate data structures (eg
either change the shifted sentences directly or store an index to shifted

_________words).

The proponents of the SAAM approach have provided anecdotal evidence that
scenarios can be used to align the goals of the participants (Bass et al. 1998).
Weidenhaupt et al (1998) also found that scenarios - similar to SAAM scenarios -

could help align the goals of participants involved in capturing the requirements for a
software system. They studied 15 organisations and spent up to one day interviewing
some of the developers (usually the project leader) about the characteristics, strengths
and weaknesses of scenarios. They did not interview other stakeholders in the
development, such as the clients or users of the systems. They found that the
developers believed that scenarios helped align the goals of stakeholders by focusing
them on particular aspects of a system under discussion. This allowed the stakeholders
to agree on some areas while other areas were left unresolved. Scenarios might allow
the same alignment of goals in SAAM reviews. However, a scenario may be included
in a SAAM review without all of the participants agreeing on the scenario. This
situation arises because of the voting scheme used in SAAM reviews. Thus, the ability
of scenarios to align the goals of the participants in a SAAM review requires further
investigation.

2.1 SAAM Review Process

The main difference between SAAM reviews and traditional software reviews is the
variety of activities conducted during a SAAM meeting. The documented (Bass et al.

3
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1998) approach to SAAM reviews consists of nine steps. However, there was only
limited control over the process used during the investigation, because the study was
conducted on a live industrial review. The facilitator, who was experienced at
resolving conflicts during negotiations, varied the process slightly from the SAAM
approach as described by its proponents in (Bass et al. 1998), given in Figure 1. The
process used for the EXC31TE OCP/IMlAD review is shown in Figure 2. Details of each
of the process steps and how they vary from the formal SAAM approach are now
described.

Preparation
The participants received 255 pages of documentation. Some of the documentation was
received two working days before the review and some of the documentation was
received one working day before the review. The documentation consisted of the main
28-page document that summarised the architectural requirements, concepts, solution
and guidelines; 182 pages of more detailed information about the architecture and its
components; and 45 pages of supporting material. The supporting material described
the SAAM review process and provided guidelines for the participants. The
participants were asked to familiarise themselves with the documentation and to
identify scenarios before the review meeting. The facilitator was given the same
information as the other participants, but also received a half-day briefing on the
planned series of EXC31TE review, with particular emphasis on the EXC31TE
OCP/IMAD review. The review organisers arranged the briefing, which covered the
review process, including the main objectives of the review, and possible barriers to the
success of the review.

Overview

Develop Scenarios

Select Scenarios

Describe Candidate Architecture

Classify Scenarios

Perform Scenario Evaluations
4 Scenario Interaction

Scenario Weighting Process
(when comparing architectures)

Figure 1: Nominal steps in the SAAM review process.

Overview
The meeting commenced with a thirty-minute overview during which the participants
were introduced, the SAAM process was outlined and the scope of the review was
defined. The facilitator also chaired a needs analysis session during the overview. The
review participants had about five minutes to discuss their objectives and expectations

4
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for the review. The facilitator then sumnmarised input from all the participants in a
diagram on a whiteboard.

Overview (30 min)

Develop Scenarios (25 min)

Select Scenarios (10 min)

Describe Candidate Architecture (20 min)

Classify Scenarios (5 min)
Perform Scenario Evaluations (90 min)

Review Issues (15 min)

V ~Wrap-Up (15 min)

Figure 2: Steps in the SAAM review process as planned and conducted.

Develop scenarios
The scenario development process is usually a brainstorming session followed by an
elaboration session (Bass et al. 1998). During the brainstorming session, participants
gave short (<1 minute) descriptions of the scenarios they identified, and the facilitator
recorded the scenarios using a key phrase or title of three-to-five words from the
description. The purpose of the elaboration session is to clarify the descriptions of the
scenarios and to combine, group and discard scenarios.

The participants in the EXC31TE OCP/IMIAD review attempted to combine, group and
discard scenarios without providing clarification and detailed descriptions of any of
the thirty-five scenarios that were identified during the brainstorming session.
However, none of the scenarios were combined or identified as similar before
commencing the next step, despite similar scenarios being identified later. This is
discussed further in Section 5.4, but is probably because very little time was spent
discussing or elaborating the scenarios. This might have been due to time constraints
(30 minutes was allocated for scenario development, and 25 minutes was actually
used) or it might have been due to the facilitator's and participants' inexperience with
SAAM reviews.

Select scenarios
T'he SAAM review process recognises that it is not possible to address all possible
scenarios within a particular review. Therefore, the participants have to select the 'most
important' scenarios as the focus for the review. In the EXC31TE OCP/IMIAD review,
five scenarios were selected from the thirty-five scenarios identified during the
brainstorming session using a voting process. The voting process was determined by
two of the review organisers based on a SAAM training session that they had just
attended. The voting was conducted over two rounds with the intent that each

5
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stakeholder had 10 votes in each round that they could allocate to any of the scenarios.
However, one of the stakeholders was accidentally omitted during the first round of
voting. (The research observers did not interfere with the review process. Therefore,
while they noted the omission they did not inform the facilitator. One of the reviewers
noted the omission during the second round, and the omitted stakeholder was then
given an opportunity to vote.) The facilitator, the recorder, the architect, and the review
observers did not get any votes. Participants were asked to vote on the scenarios that
were most important to them, and that would help them to address their goals. During
the second round they were given the opportunity to adjust their voting patterns based
on the results of the first round. The voting process is described in more detail in
Section 5.4.

Describe candidate architecture
After the scenarios had been selected, the architect gave a 20-minute introduction to the
system's architecture and its rationale.

Classify scenarios
The selected scenarios were then classified as direct scenarios or indirect scenarios.
Direct scenarios are supported by the current architecture, while indirect scenarios
require modifications to the architecture before they can be supported (Bass et al.
1998). There was some confusion over the definition of a direct scenario'. The
participants were not sure whether a direct scenario was a scenario that was supported
by the architecture, or one that should be supported by the architecture. Furthermore,
the participants were not sure whether a scenario that involved components that were
neither included in, nor excluded by, the architecture was supported by the architecture.
That is, does the architecture support a scenario, if the architecture does not currently
implement the scenario, but can easily be modified to implement the scenario (if
required). Despite this confusion the participants classified one scenario as direct, and
said that it should be included in the architecture. The other four were classified as
indirect. This classification was used to determine which scenario to evaluate first (the
direct scenario). No other use was made of the scenarios' classifications, and they were
not recorded in the minutes of the meeting.

Perform scenario evaluations
During this step, the ability of the architecture to support the five selected scenarios
was discussed. The discussions were based on a description of the scenario provided
by the person who first proposed the scenario, and a description of how the
architecture, or a modification of the architecture, would support the scenario. All of
the review participants were allowed to ask questions and participate in the
discussions. After the discussions, the members of the review group were asked to
summarise any issues that had been raised during the discussions. The issues were

1Note that since the EXC31TE OCP/IMAD review, the proponents of the SAAM review process have
modified the process, and now identify three types of scenarios (Kazman 1999). Use cases reflect the
current (intended) system use; growth scenarios reflect anticipated changes; and exploratory scenarios are
intended to stress the architecture.

6
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then discussed to determine whether or not they had been adequately resolved during
the discussions.

Review issues
The next step was to review the issues. In reviewing the issues, the recorder indicated
the issues that had been identified and whether or not further action was required.
Issues that had been successfully addressed within the meeting were also identified.

The SAAM review process as described by Bass et al (1998) does not include a review
of the issues raised during the review. However, it usually contains one or two
additional steps. First, a scenario interaction step can be included (Bass et al. 1998).
During this step, the components that would need to be modified to address each of
the scenarios are identified and compared. Direct scenarios should require no
modification to the architecture. Similar indirect scenarios should result in
modifications to similar components, while very different indirect scenarios should
result in the modification of different components. The facilitator omnitted this stage
from the process. Second, a scenario-weighting step can be included (Bass et al. 1998).
This step is normally included when two alternative architectures are being compared.
It can be used to assist in determining which architecture is more appropriate in a
given situation. This step was not included because only a single architecture was
being investigated.

Wrap-up
Finally, the facilitator conducted a wrap-up session where the strengths and
weaknesses of the review were discussed and summarised on a white-board. The
implications of this activity on the research method are discussed in Section 4.3 and the
results of this stage are summarised in Section 4.4.

3. Research objectives

The study of SAAM reviews had four objectives as given in Table 2. Using the
terminology of Yin (1984), the first line in each row of the table indicates the 'research
questions', while the subsequent lines indicate the 'propositions'. That is, the first line
indicates the objective of the study, while the subsequent lines indicate how the
research objectives will be achieved, as well as what information is required to achieve
them.

7
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Table 2: Research questions about SAAM reviews.

RQ1. Can the performance of joint software reviews be improved through the use
of the SAAM review process?

RQ2. What are the characteristics of SAAM reviews?

This will consider the SAAM voting scheme, the negotiation stumbling
blocks encountered during the review, and the performance characteristics
of the review.

RQ3. How do the characteristics of SAAM reviews compare to the characteristics
of traditional software reviews?

This will consider the ability of SAAM reviews to align the goals of the
review participants, compare the negotiation stumbling blocks encountered
in SAAM reviews and traditional reviews, and consider the participants
perceptions of the use of scenarios, the voting scheme and the facilitator.

FRQ4.- Can the SAAM review process be improved?

Two of the objectives are concerned with comparing SAAM reviews with traditional
Joint Software Reviews (RQ1 and RQ3). However, the case study also offers an
opportunity to study SAAM reviews in their own right. The SAAM review process is
relatively immature and it is possible that an improved SAAM review process would
offer benefits over the traditional review process even if the original SAAM review
process does not. Therefore, research questions RQ2 and RQ4 were also included.

The case study is exploratory rather than explanatory, and as such the research
questions are general and do not lead to specific hypothesis. The development and
testing of detailed hypothesis is left for later studies. The detailed results in this study
could be used for comparison with the results of such studies.

The characteristics considered in this study - goal alignment, negotiation stumbling
blocks and performance - are based on evidence that these factors affect the
performance of software reviews eg (Macdonald et al, 1996; Kingston et al 1999c). Goal
alignment captures the similarities and differences between the goals of the review
participants both at the start of the review (an independent variable) and during the
review (a dependent variable). The degree of goal alignment affects the negotiation
stumbling blocks encountered during the review, which in turn affect the performance
(or outcome) of the review. Kingston et al (1999a) developed a model showing the
relationship between these factors in traditional software reviews. Figure 3 presents an
adaptation of this model for SAAM reviews. The model shows the main steps in the
identification of scenarios and issues during the SAAM review process, and where the
presence of negotiation stumbling blocks can affect the performance of the review in
terms of the number or quality of scenarios or issues raised and recorded. The model
does not capture the impact of specific negotiation stumbling blocks, because their
impact on the SAAM review process was not known a priori. The negotiation stumbling
blocks considered in this report are derived from the list provided by Nunamaker et al

8
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(1991) and include Conformance Pressure, Cognitive Inertia, Production Blocking,
Domination, Communications Breakdown and Freeloading.

- ----------------------------------- '
cenarios Not Considere Scenario Identification I

(Time, Negotiation
Stumbling Blocks)

Scenarios Not Recorded

(Negotiation
I Stumbling Blocks)

IScenarios
Individual Identified Scenarios Scenarios Scenario

eparatio by iscussion Recorded Voting
I Individuals

I---------------------- ---------- -------

Goals

r--- - ------------------
Issue Identification IssuesResolved

f Agreement)

Issues
identir Rased: Issue Issues Resolved

iby iscussion Eisting esolutio (False Agreement) I

byniscussils Modifie
I d*Resolved

I Lost

I Issues Not Resolved
(False Disagreement)

Issues Not Recorded I
(Negotiation Issues Not Res

I Stumblin Blocks) (No Agreement) I
I Issues No gtCnsidered Issues Not Resolved I
II (Time, Negotiation

Stnmlin Blg s (Lack of Expertise)

Figure 3: A model explaining how goals and negotiation stumbling blocks affect the
performance of software reviews.

4. Method

The research questions presented in Table 2 were addressed by studying a SAAM
review conducted on the EXC3ITE OCP/IMAD Architecture (EXC3ITE 1999). The
reasons for choosing this review are discussed in Section 4.2. The results from the
SAAM review were compared with the results of laboratory studies on traditional-style
reviews of software designs (Kingston 1999a; Kingston et al. 1999c), and with the

9
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results from an earlier study of the review of the architecture of Project Llama
(Kingston 1999a; Kingston 1999b). Section 4.1 summarises the designs of these studies,
and Section 4.3 discusses the design of the case study in more detail. Section 4.4
provides a link between the design of the study and the results. It describes the general
characteristics of the review - such as the number of participants. The results are
discussed in Sections 5 to 7.

The discussions in Sections 4.2 to 4.4 presuppose the use of a case study approach.
However, two alternative empirical approaches were considered and ruled out. These
were a survey approach and an experimental approach. A survey approach was ruled
out because the ADO had not previously conducted SAAM reviews. Furthermore,
there was no evidence that any SAAM reviews had been conducted in Australia, either
within or outside Defence. Thus, there was nobody with experience in SAAM reviews
that could have been surveyed. The case study approach also has added benefit of
allowing the detailed observation and analysis of areas, which have not previously
been explored in the context of SAAM- such as the voting mechanism.

The case study approach also allows more detailed observations than an experimental
approach. However, there were also two practical reasons for not using an
experimental approach. First, the participants were required to have a detailed
understanding of their goals for the review, so that they could determine and vote on
scenarios that were appropriate to their goals. This means that student participants
were not appropriate for this study. Therefore, any experimental study would have
had to use professional software engineers. It was believed that it would be difficult to
find sufficient professional software engineers for a significant study. Second, SAAM
reviews also require the use of experienced facilitators. Had an experimental approach
been used, a large number of (paid) facilitators would have been required. This was not
feasible given the resource constraints. Thus, a case study of the EXC31TE OCP/1MAD
Architecture was conducted.

4.1 Software Review Studies

This section sunmmarises the characteristics and design of three studies of software
reviews that provide the basis for comparing the SAAM review of the EXC31TE
OCP/IMAD architecture with traditional reviews of software designs or architectures.
These studies consist of the Project Llama review (Kingston 1999a; Kingston 1999b) and
two laboratory studies (Kingston 1999a; Kingston et al. 1999c).

Project Llama
Project Llama was acquired by the Australian Defence Organisation (ADO) and
developed by Australian Defence Industries (ADI) as a replacement for the situation
monitoring (tracking) sub-system of the Joint Command Support Environment2 (JCSE)
project, JP2030 (Hay 1997; ADO 1998; Quin-Conroy 1999). The Project Llama study

2 The Joint Command Support Environment project has since been renamed the Joint Command Support
System (JCSS) project.
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investigated the properties of the traditional review process that are related to the goals
of the participants. The researcher acted as a participant-observer in a team that
provided input to the review (the ITD Expert Review Team), and conducted a post-
review survey of review participants and a post-review interview with the person who
participated in both the preparation meetings and the review meeting. The
relationship between these activities is shown in Figure 4.

JCSE Commenced

22 Sep, 1994

LTD Expert Review Team
Preparation

Notification - 20 Oct 1997 Participation and Observation

Documents received - 28 Oct 1997

Completed -31 Oct, 1997

Architecture Review Post Review Questionnaire
04 Nov, 1997 and Interview

'V TD Expert Review Team
Follow-up Meeting Participation and Observation

06 Nov, 1997

Figure 4: Project Llama time-line and data collection techniques.

The Project Llama review was selected as representative of the traditional review
process because the ADI and the ADO have been conducting joint software reviews
since the JCSE project's inception in 1994 (ADO 1998). The development of project
Llama has since been completed. The entire system was developed within 12 months
using an average of 25 developers. It consists of 62 main classes and it is smaller than
the system it replaces - 128,000 lines of Java rather than 750,000 lines of Ada, Unix and
Xli /Motif code (Quin-Conroy 1999).

As shown in Figure 4, the Architecture Review was attended by one of the 8 members
of the LTD Expert Review Team, 4 Client representatives and 10 Developer
representatives. That is, 15 people from 3 organisations were present at the review.
Five of those 15 responded to the questionnaire. Thus, the response rate to the
questionnaire was only 33%. However, the key stakeholders (the developer and client
responsible for the project) both completed and returned the questionnaire.
Furthermore, one of the developers indicated that ideally there would have been fewer
developers at the review. From the information on the developer's form, and the
comments of the Interviewee, it appears that five of the developers attended primarily
to observe the review or to answer questions if called upon. The response rate
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improves to 63% if these observers are excluded from the analysis. It is argued that the
low response rate poses only a limited threat to the validity of the questionnaire.

paricpans n te TD Expert Rve em Ec o ersnsoepro.Wiedt

indicate participants in the Architecture Review meeting, who also responded to the
questionnaire, while black dots indicate people who did not respond to the questionnaire or did
not attend the meeting.)

The study identifed the participant's goals for the review and uncovered evidence of
the negotiation stumbling blocks Conformance Pressure, Freeloading and Production
Blocking. The detailed results, and descriptions of these negotiaton stumbling blocks,
are given at appropriate points in the text. The implications of the low response rate to
the questionnaire are also considered.

Laboratory Studies
The two laboratory studies were designed to investigate the impact of goal conflict on
the performance of software reviews, and on the negotiation stumbling blocks
encountered by review participants. The studies were based on two-person reviews of
a sub-section of the design of a conference management system. They used a common
between-subjects, fully random-ised. design with two experimental treatments and a
control. The control was a software review where both participants had the same goals.
The treatments were different goals (different, but not mutually satisfiable goals) and
conflicting goals. The three treatments were obtained by manipulating the goals of the
participants. The participants were randomly assigned to treatment groups. Data from
144 participants (72 review groups) was analysed in the studies.

The performance of the review participants was analysed using issue collection forms
completed by the study participants during the reviews. The negotiation stumbling
blocks Conformance Pressure and Communications Breakdowns were analysed using
a post-review questionnaire. Details of the results are presented where relevant in
Sections 6 and 7.

12
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4.2 EXC3ITE OCP/IMAD architecture

The EXC31TE project is a Capability Technology Demonstrator - a DSTO research and
development project - that is being run as a formal ADO project - JP2061. EXC31TE
will provide a platform for research and development into the next generation of
command support systems (ADO 1998). Thus, there could be differences between the
EXC31TE project and other projects that affect the performance of SAAM reviews. For
example, the participants in the EXC31TE review had more technical expertise and less
military experience that the participants in a typical joint software review conducted by
Defence. The implications of these differences are discussed further in Section 8.1.

Kitchenham et al (1995) have argued that case studies should be selected based on
their representativeness. That is, a case study project should be similar to other projects
of interest. However, Stake (1994) argues that case studies should be selected on the
basis of the benefits they offer. The EXC31TE project offers a unique opportunity for the
study of SAAM reviews in Australia and thus meets Stake's criterion for case study
selection.

Single case studies can also be used to test theories, either because they offer an
extreme example of the theory (Yin 1984), or because comparisons are possible within
the single case (Lee 1989). The choice of the EXC31TE project means that considerable
care is required in making comparisons. It is planned to conduct all of the joint
software reviews (architecture) for EXC31TE using the SAAM methodology. Thus,
there is no opportunity to compare SAAM reviews with traditional joint software
reviews within the EXC31TE project. However, as already stated, there are some
differences between the EXC31TE project and other ADO projects. The main difference
between EXC31TE and other ADO projects in similar areas is that the EXC31TE project
is being jointly run by DSTO and the Defence Acquisition Organisation (DAO) while
other projects are run exclusively by the DAO. This could result in differences that
affect the ability to directly compare the EXC31TE review with other ADO projects'
reviews. Therefore, comparisons were made between the EXC31TE review and both the
Project Llama study and the laboratory studies discussed in Section 4.1. It should be
noted that this approach is only intended to give an indication of the possible benefits
of the SAAM review process and, where necessary, the limitations of the comparisons
will be clearly spelt out.

One objective of this case study is to characterise the SAAM review process. Basili
(1986) claims that characterisation is a valid purpose for an empirical software
engineering study. This is also supported by Yin (1984). Where possible, the
characteristics used in previous studies of software reviews are used for consistency.
However, differences in the processes used mean that some changes were necessary to
the definitions of the measures used in the analysis. These changes are noted at the
appropriate points in the text. Furthermore, the ability to directly observe the EXC31TE
review means that additional characteristics could be observed and alternative
methods for characterising the review process could be used.

13



DSTO-RR-0170

The SAAM review studied was the first of a series of planned reviews for the software
architecture for EXC31TE. The EXC31TE architecture should support the integration of
several concept demonstrators (systems) developed by DSTO. It is planned to base the
EXC3ITE architecture around a series of object-oriented components that are part of a
product - Object Computing Platform (OCP) - supplied by Object-Oriented
Proprietary Limited (OOPL). To test this approach, a single product - an image
management system called IMIAD - was chosen for integration with a subset of the
OCP. This combined system was intended as a proof of concept for the approach to be
taken with the EXC31TE architecture. Thus, the review focused not just on the current
architecture, but also its ability to allow the integration of other systems and
capabilities in the future.

4.3 Design

Case study information can be collected from a variety of sources such as: the
documents and artef acts produced by an activity; observational techniques; and
questionnaires (Lethbridge et al. 1998). Kaplan and Duchon (1988) claim that using
both qualitative and quantitative information is beneficial. Using multiple sources of
information to address the same research questions, within the same case study, is
called triangulation (Stake 1994). Stake (1994) argues that results supported by
triangulation information are more believable than results that are obtained from a
single information source because the different sources of data have different potential
biases. For example, self-reported evidence from the participants might be biased if the
participants cannot accurately recall information or if they wish to make an impression
on the researcher through their responses. Evidence from the researcher's observations
could be biased according to the outcome expected by the researcher. Thus, the
approach taken in the Case Study was to obtain information from a variety of sources.
These sources were 1) a pre-review questionnaire, 2) a post-review questionnaire, 3)
observation of the review and 4) the minutes for the review. Figure 6 shows how these
information sources relate to the review.

FPostReview Survey

Figre6:Daa cllctonactviie prfomebfoeeduing andafervathe nsA eiw

14A



DSTO-RR-0170

Questionnaires
The pre-review questionnaire (Appendix A) was administered immediately before the
review and the post-review questionnaire (Appendix B) immediately after the review.
Ellis (1994) identifies four sources of inaccurate information from self-assessments: 1)
failure to understand a question, 2) failure to recall the answer to a question, 3)
indecision, and 4) dishonesty. The first potential problem was addressed by having the
questionnaire reviewed prior to the study. The researcher was also available to answer
questions while the questionnaires were completed. The second potential problem,
failure to recall an answer, usually occurs when there is a substantial time lag between
the events that the subject is being asked to recall and the completion of the
questionnaire. Because the questionnaires were completed immediately before and
after the review, any limitations due to failure to recall an answer were minimised. The
third potential problem occurs when people have mixed feelings about an issue, or
change their mind about an issue during the course of the study. According to Ellis,
"There is nothing you can do about these opinion changes, but it is important to be
aware that they occur". In this survey, the subjects had the option of replying with a
neutral response. The fourth potential problem occurs when subjects "lean towards
responses considered the most 'desirable' or least embarrassing" (Ellis 1994). The
survey questions were designed to reduce the impact of the fourth potential problem:
questions were carefully worded, multiple questions (some phrased in the negative)
were used for most topics to improve the reliability of the responses, and related
questions were distributed throughout the questionnaire. There is a small possibility
that the inclusion of the 'wrap-up' stage in the review process could have affected the
results of the post-review survey. However, the 'wrap-up' session focused on the
identification of strengths and weaknesses of the process, while the questionnaire
asked more specific questions about the process and the review outcomes.

The design of the pre-review questionnaire, and part A of the post-review
questionnaire are discussed at relevant points of the text. Part D of the post-review
questionnaire consisted of two open-ended questions designed to catch any additional
information that the participants wished to provide. The other parts of the post-review
questionnaire consisted of statements. The study participants had to decide to what
degree they agreed or disagreed with the statement. The same response options were
used for all the questions. The subjects could select one of five values (1-5), where 1
means Strongly Agree and 5 means Strongly Disagree. This is a circled end-anchored
response option (Ellis 1994).

It is similar to the Likert scale (Likert 1932), but does not anchor each of the
responses 3. That is, it uses a limited set of ordered responses where meanings are
assigned to only the first and last responses. One advantage of both the Likert scale and
circled end-anchored response options is that they are easy to code, and the possible
responses are known in advance (Ellis 1994). Likert-type scale has been used in other

3 In the Likert scale, each response is associated with a phrase rather than a number. The usual response
options are: Strongly Agree, Agree, Neutral, Disagree and Strongly Disagree
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Software Engineering surveys. For example, Chung and Guinan used a seven point
Lilcert scale in their study of participative management (Chung and Guinan 1994).
However, the Lilert scale has a disadvantage over end-anchored response options: the
Likert scale is more subjective (Ellis 1994). All of the response options need to be
interpreted, while only the extreme options need to be interpreted with end-anchored
response options. Consequently, responses generated using the Likert scale will only
be ordinal. However, it is reasonable to assume that the end-anchored response option
provides a set of equally spaced options, because integers are used for all of the options
and meanings are not assigned to the intermediate options. Thus, the results from an
end-anchored response option can be treated as if they are of an interval scale (Ellis
1994; Fenton and Pfleeger 1996). That is, the mean (or average) of the values can be
calculated, and standard statistical tests, such as the Students t-test, can be used on the
results. In contrast, analysis of data collected using the Likert scale should be restricted
to calculation of the median - the middle value when the results are ordered. To avoid
these limitations, the questions used end-anchored response options on a scale of 1 to 5.
The results of the questionnaire were converted before analysis. The results from
negative questions were converted to reflect the degree to which a property was held
and all the results were converted to a scale of -2 to +2. A result of +2 indicates strong
agreement that a property was present while a result of -2 indicates strong
disagreement.

Minutes
TIhe meeting records were composed during the review, and displayed using an
overhead projector during the final stages of the review. TIhe final minutes prepared by
the recorder were used to determine the number of scenarios that were raised, the
number of issues that were raised, and the number of issues that were resolved in the
review.

Observations
The observations have the most potential to introduce biases due to the researcher's
preconceptions. Two methods were used to reduce potential biases. First, the
information to be recorded was clearly identified before the review and a database was
designed to enable the information to be readily recorded during the review. The
information was based on verbal discussions, material written on whiteboards, and
indications of approval and disapproval - such as nodding of heads. Verbal
communications were characterised by the time of the communication activity, the
person speaking and the type of communication - eg social, discussion or the statement
of an issue or a scenario. More details of the classification scheme are described in
Appendix G. Second, an independent research observer also attended the review.
Adler (1994) claims that the age and gender of the observer can affect how they record
events. Thus, the second observer was of a different gender to the researcher, and there
was a significant difference in the age of the researcher and the age of the second
observer. The second observer also had a technical (workshop) rather than a
professional (academic) background. The review was also recorded on video tape, so
that any differences in the two sets of observations could be resolved. Tfhe research
made no other use of the video tape.
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Triangulation
The four sources of information were used to address three different research areas: 1)
the interaction between the scenario approach and the participants' goals for the
review, 2) the performance characteristics of the review, and 3) the negotiation
stumbling blocks encountered during the review. However, not all of the four
information sources were equally valuable for addressing each research area. Figure 7
shows the relationship between the information sources and the research areas that
they were used to address.

SStudy

Pre-Review Post-Review Obsevtin Documentation Data Source
Questionnalire I Survey

Goal Research
Alignment Negotation Stumbling Blocks Performance Area

U 0 W 0

0> 0 0
En0 L

I~~ _ UU

Figure 7: Data collection sources and related research areas.

Details of how the information sources were used to address each of the research areas
are discussed in Sections 5 to 7. However, to interpret the results in each of those
sections, an understanding of the review process and of the general characteristics of
the review is required.

4.4 Review characteristics

The EXC31TE OCP/IMAD review was the first SAAM review conducted by the ADO.
Therefore, the organisers of the review made a number of decisions that affect the
external validity of the study. For example, the organisers of the review deliberately
chose to conduct a short review of an architecture that was designed as a 'proof of
concept' for a larger architecture. The review was conducted over 4 hours, including a
15-minute break. Consequently, the review had severe time constraints and insufficient
time was available for some activities. The impact of the time constraints was
compounded by the participants' lack of prior experience with SAAM reviews. The
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facilitator had no prior training in SAAM reviews and only three of the participants
had any training in SAAM reviews. Other characteristics of the review and their effect
on the validity of the study are now discussed.

Participants
Eleven people were invited to participate in the review. They came from three
organisations: nine participants were invited from DSTO, one participant was invited
from OOPL and an independent facilitator was also invited. Three of the people were
given specific roles within the review. One was the independent facilitator, one person
from DSTO was invited to act as the recorder, and the person from OOPL was invited
because he was the prime architect of the product under review. Seven of the
remaining eight participants were reviewers invited by the client because they were
stakeholders in the product under review. The final participant invited from DSTO was
one of the review organisers. He was planning to observe the review. The review
planners envisaged that the stakeholders would have different interests and different
roles. These are given in Table 5, Section 5. Most of these roles reflect the current
positions of the people invited to participate in the review. However, one person - with
the appropriate domain knowledge - was asked to assume the role of the systems
manager for EXC31TE.

Twelve people actually attended the review. One stakeholder with an interest in
Capability Technology Demonstrators (CTDs4) that would use the EXC31TE
infrastructure was unable to attend the review meeting. Instead, he sent two proxies.
Unfortunately, the role of the proxies was not clear either to them, or to the facilitator.
Thus, they both acted as observers rather than reviewers. A total of three participants
attended the review as observers. Where necessary, they will be called review
observers to distinguish them from the research observers.

All twelve of the review participants completed both the pre-review questionnaire and
the post-review questionnaire giving a response rate of 100% for both questionnaires.
Thus, there are no threats to the internal validity of the study due to low response
rates.

Environment
There are threats to the validity of any case study from the context in which the study
is conducted. Software architectures are reviewed against a particular purpose and
often against a set of requirements. In modern software development and acquisition,
the requirements often undergo constant evolution. Therefore, it is important to
characterise the state of the requirements before the review, so that the results of the
study can be correctly interpreted. As shown in Table 3, the participants believed
(mean less than 0) that the requirements were poorly documented and not understood
before the review. Thus, the results of this study will be most applicable to other
studies where the requirements are not understood before the review.

4 DSTO plans to develop a number of systems (CTDs) that will build on the EXC31TE infrastructure.
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Table 3: Quality of requirements documentation as perceived by the review participants.

Variable Question Mean Number of Standard
_______ _________________________ ____Responses Deviation

R Requirements were well documented -0.9 12 0.8
and I understood them prior to the
review. ___ ____

Perceptions
The review participants were given two opportunities to comment on their impressions
of the review. The facilitator asked the participants to consider the strengths and
weaknesses of the review, and the post-review questionnaire asked the participants to
consider how the review might be improved, and how it compared with traditional
software reviews. Some of the questions concerned specific research questions and are
discussed in the relevant areas of the results. This section discusses the results from the
more general questions in the post-review questionnaire and the opinions expressed
during the review.

Most of the limitations and the improvements suggested concerned the limited time
available to discuss the scenarios. The participants believed that insufficient time was
spent on scenario elaboration. Some participants also believed that the most important
scenarios were not selected. This is discussed further when the voting scheme is
discussed in Section 5.5. However, the participants who had also been involved in
traditional joint software reviews still believed (mean greater than 0 in Table 4) that
SAAM reviews were better than traditional joint software reviews.

Table 4: Comparison of SAAM reviews with traditional joint software reviews
as perceived by review participants.

Variables Question or Calculation Mean Number of Standard
_______ ___________________________Responses Deviation

-Ei SAAM reviews offered no benefit over 0.8 6 0.4
_________traditional joint software reviews. _____

E2  SAAM reviews are better than 1.2 6 0.9
traditional joint software reviews
because:

SAAM reviews are more
structured than ordinary
reviews. _____

FE (E2 - E)/2 1.0 1 6 0.4

5. Goals, roles and scenarios

5 Negative variables indicate that the responses to the inverse of the questions were analysed. Thus a
mean response of 0.8 to -El, means that the mean response to the statement was -0.8. Mean responses to
a statement that are greater than 0 indicate agreement with a statement. The initial response of -0.8
indicates that the participants disagreed with the statement.
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This section discusses the main characteristics of SAAM reviews - the use of a
facilitator and scenarios - and their ability to align the goals of the review participants.
Section 5.1 discusses the roles of the participants. It compares the roles anticipated by
the review organisers with the stated roles of the participants and the observers. The
role of the facilitator is discussed in more detail in Section 5.2. Section 5.3 describes the
goals of the participants and discusses apparent changes in the goals of the
participants. These changes could be due to the use of scenarios. Scenario generation is
discussed in Section 5.4, while Section 5.5 discusses the selection of scenarios and their
perceived strengths and weaknesses. The discussions identify the information sources,
the specific variables, and the questions used to investigate each area, as well as the
results of the study.

5.1 Roles

Information about the participants' roles in the review was taken from two sources.
First, the documentation supplied for the review contained a list of the review
participants and their anticipated roles and interests. The review organisers generated
the list and used it while planning the review. Second, the pre-review questionnaire
contained a list of roles that the participants could have in the review. The list included
functional roles - such as observer, reviewer and recorder as well as roles related to
specific interests - such as the development of CTDs. The roles in the list were derived
from the roles used by the review organisers. These included the roles planned for the
EXC31TE OCP/IMAD review and roles that the participants might have in future
EXC31TE reviews. Additional roles were also included after consultation with the
review organisers. The participants were asked to indicate all of the listed roles that
they were taking in the review. The list is given in the post-review questionnaire in
Appendix G.

The information about the participants' roles was collected to characterise the review.
It was anticipated that the participants' stated roles would be similar to those planned
by the review organisers. However, there were three differences worth discussing
further (Table 5). First, one of the participants was not able to attend the review. This
participant and the main review organiser (the project manager) had agreed that a
replacement would take the participant's role as a reviewer and a stakeholder
interested in CTD development. However, neither of the replacements acted as a
reviewer - both acted as observers. Second, several of the participants - including the
observers just discussed - did not believe that they were attending the meeting as
reviewers. Third, many of the participants believed that they had a role as a research
user or a technical expert in addition to the role anticipated by the review organisers. It
is believed that this affected the evaluation of the scenarios. Much of the discussion
was focused at the technical level rather than at the level of user-requirements intended
by the review organisers. The performance characteristics of the review are discussed
further in Section 6.
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Table 5: Functional roles and specific interests as anticipated by the review organ isers
and as stated by the review participants.

SFunctional Role Specific Interest
- Expected and Stated by Expected and Stated by Participant
~:Documented Participant Documented by Review

:3 by Review Organisers
Organisers

1 Architect / Architect/
Presenter Presenter

2 Facilitator Facilitator
3 Recorder Recorder ____________

4 Reviewer Reviewer EXC31TE System Alternative interests
Manager stated:

0 EXC31TE Developer
* Research User /

__________ ___________________ Technical Expert

5 Reviewer None stated EXC31TE Project Manager EXC31TE Project Manager
6 Reviewer Reviewer Research User /Technical None Stated

Expert
7 Reviewer None stated Research User /Technical Research User / Technical

Expert Expert
8 Reviewer None stated CTD Developer CTD Developer

Reviewer Did not CTD Developer Did not attend
attend

9 Reviewer None stated EXC31TE Developer EXC31TE Developer
Also stated:

* Research User/

10 Observer None stated As ttd

11 Observer None stated As ttd

_______________ ___________________ Technical Expert
12 Observer Observer ____________ ____________

5.2 Facilitator

The facilitator had an important role in the EXC31TE OCP/IMAD review. He had to
direct the review according to the SAAM review process. He was also asked to
encourage participation from all the reviewers and to control the recording of issues.
That is, he had to determine whether or not the participants were satisfied with the
descriptions of issues before they were recorded. After issues were recorded, the
facilitator had to negotiate a course of action to address each issue, which satisfied all
of the participants.
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The impact of the facilitator was evaluated through observations of the review and
through the post-review questionnaire. The research observers recorded the following
information: when the facilitator solicited input, when the facilitator encouraged more
discussion, when the facilitator suggested alternatives, when the facilitator stopped one
person from dominating discussions, when the facilitator stopped people from
socialising and when the facilitator changed the topic of the discussion.

From the observations, it appeared that the facilitator was more involved during the
early phases of the review process than during the later phases of the review process.
This might be due, in part, to the time constraints imposed on the review or it might be
due to the facilitator's lack of experience with the SAAM review process.

The facilitator encouraged participation from all of the participants during the early
phases. During the overview, the facilitator asked each of the participants to~ introduce
themselves and to contribute two or three items to a needs analysis session. The
facilitator encouraged participation from all of the participants during the scenario
generation phase. He asked each reviewer in turn to state one or two scenarios and
then solicited more contributions from the reviewers. During this stage, the facilitator
indicated who was to state the next scenario, thus encouraging participation from all of
the reviewers and preventing one reviewer from dominating the scenario generation
process. The facilitator also indicated who was to vote next during the voting phase,
although he did miss one of the reviewers during the first round. (A more detailed
discussion of the voting process is given in Section 5.5.)

The contribution of the facilitator was less obvious during the other phases of the
review, particularly during the scenario elaboration phase and the scenario evaluation
phase. During the scenario elaboration phase, the facilitator unsuccessfully requested
general input from the reviewers. It is believed that the facilitator needs to be trained in
a more detailed elaboration process. The process should address the problems with the
scenario elaboration phase, which are described in more detail in Section 5.5. The
facilitator's role would then include ensuring that the more detailed process steps were
followed.

During the scenario evaluation phase, 15 minutes were allowed for the discussion of
each scenario. Each scenario was described by its proposer before the architect
discussed the changes to the architecture (if any) required to handle the scenario. The
facilitator kept the presenters informed of how much time they had remaining. Other
review participants were allowed to contribute to discussions during the presentations.
After the presentations, the facilitator asked the reviewers to indicate any issues that
had been identified during the discussions. Sometimes, the facilitator also suggested
issues that he had identified during the discussions. However, this only occurred after
one of the observers indicated that there were a number of issues arising from the first
discussion that had not been recorded. The facilitator then sought general agreement
that the issues had been satisfactorily met by the discussions. He often asked 'Is this
[issue] okay?' rather than more probing questions. The facilitator did not seek
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individual responses and in many cases accepted a lack of response as an indication
that the issues had been satisfactorily addressed. Furthermore, the facilitator did not
endeavour to determine what further action - if any - was required. Consequently,
actions were identified for only a few of the issues during the meeting, and many of the
resolutions and actions recorded in the minutes were not discussed during the review
meeting (see also Section 6). Therefore, the meeting participants might not agree with,
or be satisfied with, the resolutions or actions. It is suggested that the facilitator should
have spent more time encouraging the participants to try to determine how to address
each issue and ensuring that all of the participants agreed with the chosen course of
action.

Despite this, the general perception (mean greater than 0 in Table 6) of the review
participants was that the use of a facilitator offered benefits over the traditional review
process. One of the respondents to the post-review questionnaire indicated that there
was very little conflict or domination in the review, not because of the facilitator, but
because of the nature of the participants. However, as previously discussed, there was
evidence from the observations as well as the post-review questionnaire (F2 and F3) that
the facilitator took steps to ensure that all of the participants had an opportunity to
contribute to the review - particularly during the generation of scenarios. There was
also evidence that the facilitator helped prevent conflict from escalating, as well as
preventing one person from dominating the discussion during the early stages of the
review.

Table 6: Participants' perceptions of the impact of the facilitator.

Variable Question Mean Number of Standard
I I Responses I Deviation

SAAM reviews are better than traditional software reviews because6: _____

F1  The facilitator was able to prevent 0.5 6 0.5
conflict from escalating.

F2  The use of the facilitator prevented one 0.7 60.8
person from dominating the discussion. ____

F3  The use of the facilitator ensured that 0.8 6 0.7
everyone's goals were considered when

________each issue was discussed._________

F IF1 +F 2 + F3 /3 J0.7 6 0.6 1

In interpreting these results, it should be remembered that the facilitator had only
general experience as a facilitator and that he did not have any prior exposure to the
SAAM review process. The facilitator performed best at the SAAM review activities
that were similar to more general negotiation or meeting activities - such as
brainstorming. The facilitator did not perform as well at SAAM specific activities -

6 While this might be considered a leading question when considered in isolation, the question was asked

in conjunction with question E, of Table 4. Question E, states that "SAAM reviews offer no benefit over
traditional software reviews". The participants were allowed to respond to either of the questions. (See
Appendix G for the layout of the Questionnaire.)
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such as scenario elaboration and issue resolution. This suggests that facilitators should
receive specific training in the SAAM review process. It is believed that the
development of guidelines that indicate what is expected from the facilitator during
the various phases of the review process would also be beneficial.

5.3 Goals

The pre-review questionnaire and the post-review questionnaire were used to collect
information about the participants' goals. This information provides part of the
characterisation of the EXC31TE OCP/IMAD review. The ability of the SAAM review
process to align the goals of the participants is discussed in Section 5.5.

The questionnaires listed standard goals, to enable consistent coding of the
participants' goals, and provided space for the participants to identify up to six other
goals, in case the participants had additional goals that were not in the list. The
standard goals were derived from one of two sources. First, some of the goals were
derived from the goals identified during the Project Llama study. Second, some of the
goals were derived from the goals used in the laboratory studies discussed in Section 4.
These goals were adapted to reflect the nature of the EXC31TE OCP/IMAD system
rather than the design used in the laboratory studies. The review organisers were
asked to check the list to determine whether or not any additional goals should be
included. No major changes were made to the list of goals during this final step.

The pre-review questionnaire was used to determine whether the participants had the
same goals or whether their goals were different or conflicting. The participants were
asked to indicate and rank their goals. Numbers were not to be repeated during the
ranking. Six participants did not follow these instructions. The goals were provided in
three columns, and three participants ranked the goals in each column separately, one
made an error and repeated a number, and two provided only a single tick. Therefore,
the ranking was not used during the analysis. Instead, the analysis was based on the
number of participants who indicated that they had a particular goal. As shown in
Table 7, most of the goals of the participants were covered in the list provided,
eliminating the need to verify the coding of the goals. One participant stated that he
had most of (15 out of 16) of the listed goals, while 7 of the 10 participants had only
around six to eight goals of particular interest, and two of the participants were
interested in less than 3 goals. Six of the goals were held by at least half of the review
participants. hin contrast, three of the goals were held by less than three participants.
Thus, the participants had some common goals, but they also had different goals.
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Table 7: Participants' stated goals for the review. Shading indicates the goals that were selected
by participants. Numbers indicate that multiple (other) goals were recorded.

Goal Participants with goal ____________

Total Facil- Archi Recor Reviewers Observers
Times itator -tect -der

Selected 1 2 3 4 6 17 18 9111112

Listed goals
Performance4
Requirements Met6
Support for Experiment8
Minimise IMAD changes 2__ _ _

Minimise OCP changes ___

Flexibility 8___

Documentation Quality 1__
Future Supportability 6__
Proof of OCP Quality 6__
Risk Assessment3
Cost/Benefit alternatives 3
Verify architecture
Secure agreement
Present information1
Address scenarios and4
issues

Other goals6

The post-review questionnaire was designed to determine the degree to which the
participants' goals were met. The participants were asked to state whether each of their
goals was met Completely, Partially or Not at all. Figure 8 shows the total number of
goals in each category as calculated from the post-review questionnaire, summing the
responses of all the participants over all the listed goals. The participants in the SAAM
review appear to have been less successful in meeting their goals than the participants
in the study of the Project Llama review (Figure 9). There are two alternative
explanations for these differences. First, the questionnaire used in the study of Project
Llama only had a 33% response rate. It is possible that the goals of the other review
participants were not met. Second, the two studies used different methods to capture
whether or not the participants' goals were met. The participants in the SAAM review
had to indicate whether or not their goals were met, using a list of possible review
goals. The participants in the Project Llama review were not provided with a list of
goals, because of the exploratory nature of the study. Instead, they had to identify their
own goals as well as indicating whether or not they were met. Thus, it is possible that
the participants only remembered the goals that had been at least partially met.
Additional studies are needed to determine which, if any, of the two interpretations is
correct.
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Figure 8: Degree to which the participants' goals were met by the review as stated in the post-
review questionnaire for the EXC3ITE IMAD/OCP Review.
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Figure 9: Degree to which the participants' goals were met during the Project Llama review.

Figure 8 not only indicates the degree to which the participants' goals were met, but
also whether or not (see the index to the figure) the participants had indicated that they
had the goals in the pre-review questionnaire. The participants were not explicitly
asked if their goals had changed during the review. However, from the results in
Figure 6 it appears that the participants' goals had changed. The participants had
additional goals - the first three black bars in Figure 6 show that goals rated by the
participants included goals that they had not held at the time of the pre-review
questionnaire. However, the participants did not rank all of the goals, as indicated by
the right-most bars. Therefore, it appears that these goals were additional goals.
Furthermore, the participants failed to rate some of the goals that they held during the
pre-review questionnaire (the fourth light bar). It appears that the participants
abandoned these goals. Changes to the participants' goals were also discussed in
Section 5.2.
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5.4 Scenario generation

The scenario generation process used by the EXC31TE OCP/IMAD review team was a
two-step process. The first step was a brainstorming session where scenarios were
identified and recorded on the whiteboard. The second step was an elaboration step
where scenarios were clarified, and similar scenarios were combined or discarded.

Two sources of information were used to characterise the scenario generation process.
First, information was obtained from observing the scenario generation process. The
research observers recorded each time a scenario was stated or modified, and each time
two or more scenarios were combined. Second, information was obtained from the
review documentation and artefacts. Copies of the information on the whiteboard were
obtained at the end of each phase. These were used to determine the number of
scenarios that were removed, and as a second source of information on the number of
scenarios that were combined. The number of scenarios on the final whiteboard was
compared with the number of scenarios in recorder's database and with the order of
the scenarios in the minutes of the review to check for consistency.

The results of the study are given in Table 8. The brainstorming session appears to
have been reasonably efficient; 35 scenarios were identified in less than 25 minutes.
Each of the reviewers identified at least 3 scenarios. As expected, the review observers,
the architect, the facilitator and the recorder did not identify any of the scenarios. There
was no process loss 7 during this stage of the meeting as all 35 scenarios were recorded.

Table 8: Observed characteristics of the scenario generation phase.

Category Number of
scenarios

Brainstorming Step (25 min) _____

Scenarios Stated 35
Scenarios Recorded 35
Scenarios Modified 3
Elaboration Step (5 min)
Scenarios Combined 0
Final number of scenarios 135

The elaboration step was less successful. The facilitator asked the participants to
identify scenarios that could be grouped or combined. When there was no constructive
input from the review participants after five minutes, the facilitator commenced the
next stage in the review. It is believed that the elaboration process could be improved.
One of the participants remarked that two of the selected scenarios were almost
identical during the scenario evaluation phase. However, this similarity was not
noticed until one of the scenarios was clarified to provide the architect with sufficient

7 Process Loss occurs when the review process does not ensure that all the scenarios or issues are
recorded. It includes scenarios or issues that are "lost" because the participants do not have time to raise
them during the meeting.
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information for him to discuss it. Further analysis by two of the review organisers
revealed other groups of similar scenarios.

Two mechanisms for grouping scenarios were identified. First, existing scenarios could
be combined to form a more complex scenario. For example, the three scenarios 'A
server starts up', 'A client starts up' and 'A server shuts down' could be combined into
one scenario where all three events occur in the order given. Second, a representative
scenario could be selected from a set of similar scenarios. This is relevant when the
scenarios are all specific methods of evaluating the same underlying concern. For
example, the two scenarios 'We want to update to Java 1.2' and 'We want to update to
the latest version of OCP' are both specialisations of the same concern - 'How do we
deal with updates to technology?' If the two scenarios are related in this manner, it
might be possible to remove one from further consideration. This will prevent votes
being split between similar scenarios. (See also Section 5.5).

It is believed that it would be difficult to use these grouping mechanisms without
modifying the elaboration phase. First, the participants need more instruction in the
grouping mechanisms. They were not given any instruction in the EXC31TE
OCP/IMAD review, and they were not told why it was important to group scenarios.
Second, it is believed that more detailed descriptions of the scenarios are probably
required to do effective comparisons of scenarios. Elaborating scenarios is time
consuming, thus mechanisms for elaborating and grouping scenarios need to be
investigated. One possible mechanism is to randomly select a scenario and have the
person who suggested it describe it in more detail. The other participants can then
decide whether or not the scenario is similar to other scenarios that have been
identified. After similar scenarios have been identified and grouped, another scenario
can be selected.

5.5 Scenario selection

After generating scenarios, the reviewers selected 5 scenarios8 for further analysis
using the voting process described in Section 5.5. The research observers recorded the
allocation of votes by the participants. The participants' perceptions on the benefits and
limitations of the combination of scenarios and the voting scheme were also analysed
using the post-review questionnaire and the white-board summnary of the strengths
and weaknesses of the review. The results of this analysis are sumnmarised in Table 9
and in Figure 10.

8 The review organiser chose the number of scenarios to be selected based on the available time for the
review. The organisers who had attended the training session on the SAAM review process believed that
approximately 15 minutes would be required to discuss each scenario.
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Table 9: Voting patterns over two rounds. Shading indicates participants who raised or
modified scenarios.

Scenario Votes by Reviewer and Round Total Votes
A B C D E F Research observers White-

1st/ 10t" 2nd/9ah 4th/8"h 3rd/7th 5ht/6th 11th First Total board
_____ ~Round ___

1 _ _2/0 2 2 2

2 2/_5 _2 ' 2 7 7

3 2/$________ 2 10 10
4 ý6/0 ____0/2 6 8 8
5 3 9 9

6 __3/4 3 7 7
9 210 ,_310 1 0/5 5 10 10
11 o, ,. 212 0/5 4 11 10
14 __ 12/0 _____2 2 2

15 0/2 2/2 0/4 2 10 10

18 _ 613 _____ 6 9 8

19 ___ __3/4 ____ 3 7 7
21 -,2/0 2 2 2

24 2/0 3/0 _5 5 5
26 1/0 ____ -" 1 1 1

29 1___2/8~ 1__ ___ ____ 2 10 10
TOTAL 10/10 10/10 10/10 10/10 10/10 0/10 50 110 108

The first column of Table 9 lists the scenarios; only those scenarios that received at least
one vote are listed. The next six columns represent the reviewers, A, B, C, D, E and F.
The figures in the columns represent the number of votes they allocated to each
scenario in each of the two rounds of voting. Thus, the figure of 2/8 in the second
column indicates that reviewer A allocated 2 votes to scenario 3 in the first round and 8
votes to scenario 3 in the second round. The final row indicates that reviewer A
allocated 10 votes in the first round and 10 votes in the second round. The figure Pst/
10th in the third row indicates that reviewer A had the first vote (round 1) and the tenth
vote (round 2). The last three columns summarise the results of the voting process. The
first two of these columns indicate the results as recorded by the research observers
and correspond to the total of the figures in the previous 6 columns. The final column
is provided for comparison; it contains the figures recorded by the facilitator, and used
to select the scenarios.

Figure 10 contains an alternative representation of the information in Table 9. The
blocks indicate votes. The shading of a block indicates the participant who voted, the
vertical position of a block indicates the scenario that they voted for. The horizontal
position indicates the relative time at which the votes were given. Thus, participant A
distributed the first ten votes evenly between scenarios 3, 9, 11, 21 and 24. The vertical
bar separates the first round from the second round.
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Figure 10: An alternative representation of voting patterns.

Three problems with the voting process were identified. First, one participant
complained that the voting process was not fully explained before the start of the
voting process. The facilitator only informed the participants that there would be two
rounds of voting after the first round of voting had occurred. The second problem is
that one of the reviewers was only given a vote in the second round (Table 9). These
problems could both be due to the demands made on the facilitator, who had no prior
experienced with SAAM. However, the third potential problem with the voting scheme
was not due to the facilitator. The voting process used in the EXC31TE OCP/IM4AD
review was a public voting scheme proposed by two of the meeting organisers after
they attended a seminar on SAAM. The facilitator implemented the voting scheme by
asking each of the participants, in turn, to allocate all of their points for the round.
While not strictly followed, the intent appeared to be to work around the table, first
clockwise and then anticlockwise. The order in which the participants voted is
indicated in the third row of Table 9 and in Figure 10. Towards the end of the second
round, the conversation revealed that participant B was trying to determine the
number of votes that a scenario required to be selected for evaluation. Having
determined that scenarios would require 10 votes to be selected he proceeded to add
the required number of votes to his preferred scenarios. It appeared that participant A
took a similar approach. Of the five scenarios selected for evaluation, one was only
voted for by participant A and one was only voted for by participant B. Of the three
other scenarios selected, two were influenced by the vote of participant F, who had the
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final vote but no other vote. It appears that the participants with the last votes had a
greater influence on the outcome of the voting stage than the other participants had.

This problem with the voting scheme is reflected in the results of the post-review
questionnaire (Table 10). The participants were asked to compare SAAM reviews with
other joint software reviews. The questions aimed to determine whether or not the
SAAM review process resulted in better goal alignment than in traditional joint
software reviews, and why. The first two questions, relating to the variables GC1 and
GC2 concerned the resulting alignment of the participants' goals. The first question,
relating to variable GC1, asked whether or not the participants' goals were fully
aligned, or the same. The second question, relating to GC 2, was included in case the
goals were not fully aligned, but were still similar enough to enable them to all be
addressed. The remaining variables concerned indirect measures of goal alignment.
Goal alignment should be reflected in the focus of the review (GC3) and is hampered
when a single person dominates the review (GC4).

The review participants who had attended other joint software reviews believed that
the voting scheme did not give everyone the opportunity to ensure that their goals
were met (mean less than 0). The standard deviation for this question was high -

possibly because the goals of some of the participants were met while the goals of other
participants were not met. The use of alternative voting schemes - such as an
anonymous voting scheme - should be investigated to determine if this problem can be
reduced. The voting scheme could still be conducted over two stages, but no
participant would gain an advantage from the order in which the votes were elicited.

Table 10: The perceived impact of scenarios and the voting scheme on the software review

process.

Variable Related Question Mean Number of Standard
I I Resonses Deviation

SAAM reviews are better than traditional joint software reviews because:
GC1  After voting on the scenarios everyone 0.2 6 1.2

_______had the same goals. _____

GC2  The voting scheme gave everyone the -0.3 6 1.2
opportunity to ensure that their goals
were addressed.________

GC3  The scenarios provided a focus for the 1.7 6 0.5

1reviews.
GC 4  The use of scenarios and the voting 0.3 6 1.3

scheme prevented one person from
dominating the discussion.

GC(GC + GC2 +GC 3 +GC4) /4 0.4 6 0.9 1

The participants who had attended other joint software reviews still believed that the
SAAM review approach was beneficial (GC, mean greater than 0) because it provided a

31



DSTO-RR-0170

focus for the review (GC 3). Note that there is strong support for this statement, as the
mean is close to the value 2, which corresponds to the response option, Strongly Agree.

All of the participants were also asked a series of questions designed to determine
whether or not the review process successfully aligned the goals of the participants.
The questions (Table 11) were designed to look for indicators of poorly aligned goals
(GA1 and GA4) as well as indicators of well-aligned goals (GA2 and GA 3). The goals
covered two areas. The first area concerned the identification of a common purpose,
amongst factions (GA 1), or the group (GA 2). The second area, which was of particular
interest, was whether or not the participants felt that they were able to contribute to
scenarios that had been raised by other participants (GA3 and GA 4).

Table 11: Participants' perceptions of goal alignment

Variable Related Question Mean Number of Standard
Responses Deviation

-GA 1  During the meeting, it was easy to classify 0.9 12 0.9
the participants into factions or groups
with similar interests.

+GA2  The meeting created a greater sense of 1.1 12 0.8
shared purpose amongst the stakeholders.

+GA3  During the meeting I tried to contribute 0.7 12 1.0
towards all of the scenarios.

-GA4 During the meeting it was difficult to 0.6 12 0.5
identify issues in scenarios proposed by
other meeting participants.

GA (GA2 - GA1 + GA 3 - GA4)/4 0.8 12 0.3

It appears that the goals of the participants were reasonably well aligned after the
voting stage. The results from the questionnaire (Table 11) show no obvious signs that
the participants were not working towards to common goals (GA 1 and GA2) and the
participants generally tried to contribute towards all of the scenarios (GA3 and GA4).

Table 12: Relationships between reviewers and scenarios.

Scenario Reviewers
Raised or Modified Voted On Discussed

3 A A A, C,D
9 C A,C,E A,B,C
11 A, E A, E, F A, B, E, F
15 B A,B,C B, C,D,E
29 B B B,C,D, E

There was also some support for goal alignment from the observations. Table 12 shows
the relationship between the scenarios, the reviewers and the activities that use the
scenarios. The first lists the selected scenarios. The other columns indicate the activities
undertaken by the reviewers. The letters in the cells refer to the reviewers who
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contributed to the selection of, and the discussion of, the scenario through each
activity. For example, scenario 3 was raised, and voted for, by participant A. However,
during the scenario evaluation activity, it was discussed by participants A, C and D.

Of the six reviewers, at least three participated in the discussion of each scenario, and
these reviewers were not necessarily those who voted on the scenarios. For example,
participant D, who did not vote for any of the selected scenarios, still participated in
the discussion of three of the scenarios. However, on average, only 60% of the
reviewers participated in any of the discussions. When all the meeting participants are
considered, the participation rate was slightly lower at 55%. The architect, the
facilitator and one of the observers participated in all of the discussions, while the other
two observers and the recorder did not participate in any of the discussions. Additional
evidence from other reviews is required to determine whether or not these
participation rates are higher than those of traditional joint software reviews. (See also
the discussion on Freeloading in Section 7.6.)

6. Performance

joint software reviews have two main objectives: 1) to identify and resolve issues that
could affect the system being developed, and 2) the transfer of knowledge to develop a
shared understanding between the acquirer and the developer. Section 6.1 discusses
the performance of the EXC31TE OCP/IMAD review according to the first objective
and Section 6.2 discusses the performance of the review according to the second
objective.

6.1 Issues stated, raised and resolved

Previous studies on software reviews where the participants can have conflicting goals
have measured performance by comparing the number of issues raised and the
number of issues resolved with the number of issues identified during the individual
preparation phase (Kingston 1999a; Kingston et al. 1999c). This study determined the
first two measures - the number of issues raised and the number of issues resolved -

from analysis of the meeting minutes.

The third of these measures - the number of issues identified during the individual
preparation phase - cannot be used for a SAAM review, because the individual
preparation phase is used primarily for familiarisation and the identification of
scenarios rather than issues. Instead, an alternative measure must be used. The
measure chosen was the number of issues implied or stated in the discussions. That is,
the number of issues either indirectly (implied) or directly stated (stated). This measure
is the closest available measure. However, it only provides a lower bound for the
number of issues identified. The participants in software reviews might identify issues,
but not state them because of negotiation stumbling blocks. It is therefore likely that
the number of issues stated in the earlier studies would be less than the number of
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issues identified during the preparation phase. The number of issues stated is a valid
measure for characterising the performance of SAAM reviews. However, the
differences between thids measure and the number of issues identtfled should be taken
into account when interpreting the comparison of the results of the SAAM review with
the results of other reviews.

The number of issues stated was obtained from the observations and checked by
analysing the video tape. This analysis was done by three of the meeting organisers.
Additional issues were recorded when two of the three organisers agreed with the
statement of an issue, and the third organiser did not object to the statement being
recorded as an issue. This new measure could be used in other observational studies of
software reviews.

The results from the analysis of the video tape and the review minutes are given in
Table 13 and Figure 11. Figure 12 provides a more detailed depiction of when issues
were stated and recorded during the discussion of one of the scenarios. Interpretation
of the table and the figures depends to some extent upon the discussion of the results.
Therefore, the discussion of the features of the table is intertwined with the discussion
of the results, and the figures are explained later.

Table 13 identifies four major categories associated with issue progress. These
categories are shown in Italics, and are issues stated, issues raised, issues agreed and
issues resolved. From this information, it appears that the SAAM review of EXC3IT'E
had reasonably large process losses (1 /3rd of the issues that were stated were not
recorded). However, large process losses were also observed in the other studies. In the
study of Project Llama, all issues in a sample of issues identified during preparation
were not recorded in the meeting minutes. In the laboratory studies reported in
(Kingston 1999a; Kingston et al. 1999c), approximately half of the identified issues were
not recorded -regardless of whether the participants had the same goals, different
goals or conflicting goals. As previously discussed, the number of issues stated in the
early studies would probably have been smaller than the number of issues identified.
Therefore, only an upper bound for the level of process loss (as measured in the Case
Study) can be determined for the earlier studies. A process loss for the SAAM review of
EXC31TE that was greater than 50% would indicate that the SAAM review process had
greater process losses than the previous studies. However, it cannot be assumed that
the lower value (33%) obtained for the EXC31TE OCP/IM4AD review reflects an
improvement over the other reviews studied. Additional studies on other review
processes, using the same measures of process loss are required to determine whether
or not SAAM reviews have less process loss than do traditional software reviews.

Interpretation of the number of issues resolved also requires greater consideration than
in the laboratory studies. In the laboratory studies, an issue was said to be resolved if
the review participants had decided how the issue was to be addressed. However, in
practice, the review participants also need to determine who is responsible for
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addressing the issue. For example, the documentation may need to be reworked to the
satisfaction of the architect and a particular reviewer or an independent expert.

Table 13: Issue progression through the EXC31TE OCP/IMAD review.

Category Number of Issues
EXC31TE Llama 9  Labora ory Stu y~

Same Differ Conflict-
___ ___ ___ __ ___ ___ __ __ ______ __ -ent Iing

Identifted N/A 59 10.65 10.70 19.40
Implied or stated 33 Unknown ____

Raised and recorded 21 0 5.10 4.35 4.20
Agreed 19________

Addressed by Discussions (12)__________
Action Required (7) ___ _______

Resolved 0 4.15 3.55 3.60
Fully resolved 3 ___ _______

No action required (2) ___ _______

Action identified and (1)
assigned_____________

Partially Resolved 8____
Action identified but not (6)
assigned_________
Could be included if (2)
required. No clarification
of whether or not it was
required.

Not Clear 8 ___

Insufficient information (5)
available _____ _________

Minuted that resolution (3)
not clear I _____ ______ _ _ _ ________

Therefore, three minor categories and 8 sub-categories are used in Table 13. The minor
categories are all associated with the resolved issues, and appear in the standard
formatting used in the report. The subcategories were used to provide detailed
information on how issues were resolved. In Table 13, the subcategories are indented,
and the numbers of issues related to the sub-categories are given in brackets. Three
minor categories were identified. Issues were said to be frilly resolved if action was
identified and assigned or if no action was required. Issues were said to be 'Partially
Resolved' if an action has been determined, but no one was assigned responsibility for

9 The numbers in this column reflect the issues identified before the review by a multi-disciplinary team
that consisted of selected experts from the Information Technology Division. The issues were taken to the
review by a single member of the team.
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the action. A course of action was implied for two additional issues. During the
discussion of these issues, the architect indicated that the features could be
implemented if required. However, no one was assigned responsibility for determining
whether or not the features were required. These issues were also classified as Partially
Resolved. For the purposes of comparison with the laboratory studies, Partially
Resolved issues are treated as Resolved issues. This is because they contain all of the
information required for an issue to be classified as Resolved in the laboratory studies.

Analysis of the number of issues resolved in the EXC31TE OCP/IMAD review
involved additional difficulties. The meeting minutes indicated that there was some
difficulty in determining whether or not action was required on three of the issues. The
reviewers had claimed that these issues were satisfactorily addressed by the
discussions, but they were raised again later in the meeting. The recorder therefore
believed that action to further address these issues was probably required. These issues
were classified as 'Not Clear'. There were five other issues where the minutes
conta ined no record of how the issue was addressed by the discussions. Furthermore,
because the issues were related to specialist areas, analysis of the videotape offered no
insights into how these issues were addressed. Therefore, these five issues were also
classified as Not Clear.

This is not just a problem with coding the issues. It also indicates that important issues
might not be satisfactorily addressed after the review. It is believed that this could have
been avoided if the facilitator had encouraged the participants to specify a course of
action for each issue and to assign responsibility for the course of action. Cases where
no action was required could then be clearly indicated in the minutes of the review.
Instead, the facilitator sought general agreement that the issues had been satisfactorily
addressed by the discussion.

Only two of the twenty-one issues raised were not resolved with explicit disagreement
between the review participants. This is comparable with the resolution rates in the
laboratory studies where groups resolved almost all of the issues raised. However, as
in the laboratory studies, there is some doubt that the issues were resolved to the
satisfaction of all the participants. The resolutions of seven of the twenty-one issues
were classified as Not Clear.

Figure 11 shows an alternative representation of the progress of issues through the
review. The horizontal axis shows the activities where issues were identified, in time
order. The activities include the Architecture Description phase of the review, the
discussion of the six scenarios, and the final discussion of the issues raised. Each line in
the graph represents the cumulative total of the number of issues stated, recorded,
agreed or resolved by the end of the activity.
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Figure 11: Progress of issues through the SAAM review (cumulative totals)

Figure 12 provides a more detailed depiction of the process of issues through the
discussion of a single scenario. It shows the contribution of each reviewer during the
evaluation of scenario 3, which took approximate 11½h minutes. The reviewers are
shown on the vertical axis and time on the horizontal axis. The colour of the blocks
indicates the type of contribution - presentation, discussion, raising an issue or
recording an issue. Interruptions are indicated by a dashed line between the person
who was interrupted, and the person who did the interrupting.

iPresentation IIDiscussion Interruption
Issues Stated Issues re-stated and recorded

Observer 3
SReviewer D
*~Reviewer C

Reviewer A

Facilitator ii
Architect I I 1

Time

Figure 12: Discussion of Scenario 3. Issues were stated or implied during discussions and
collected at the end of discussions. No attempt was made to agree on or resolve

- issues.
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6.2 Knowledge transfer

The second main objective of a joint software review is to transfer knowledge to
develop a shared understanding between the acquirer and the developer. One of the
review organisers, the DSTO manager of the EXC31TE OCP/IMAD development,
identified five outcomes related to an increase in shared understanding that he hoped
would result from the SAAM review. The success of the SAAM review in achieving
these outcomes was assessed through 5 variables associated with the post-review
questionnaire. These variables concerned: the identification of conflicts and trade-offs
(Pi), the identification of new requirements (P2), the clarification of existing
requirements (P3), improvements to the architecture, or architecture description (P4)
and improved individual understanding of the architecture (Ps). The results from the
analysis of these variables (Table 14) show that the review participants believed that
the EXC31TE OCP/IMAD review was beneficial (mean greater than 0) in four of the
five areas. It helped the participants achieve a better understanding of the architecture
(P5). The participants also believed that the review helped uncover requirements (P2
and P3) and that the review would lead to a better software architecture, or description
of the architecture (P4). However, as a whole, the participants did not believe (mean
less than 0) that the review was good at uncovering conflicts and trade-offs (Pi). This is
despite the architect explicitly discussing some trade-offs - such as the difficulty in
determining when to incorporate new technologies such as JavaBeans. This suggests
that the identification, and statement, of trade-offs by one party is not sufficient for a
shared understanding of the trade-offs to be achieved. Additional work is probably
required to understand how acquirers and developers achieve a shared understanding
of the trade-offs that were made in developing the architecture.

Table 14: Shared understanding and the perceived benefits of the review.

Variable Question Mean Number of Standard
___ esponses Deviation_

Pi The SAAM review uncovered conflicts -0.3 12 0.8
and trade-offs. _____

P2 The SAAM review revealed new 1 12 0.9
Irequirements.______

P3 The SAAM review clarified existing 0.6 12 0.9
requirements.___________

P4 The SAAM review should result in an 1 12 0.6
improved architecture, or description of

_________the architecture.______________

P5 I have a better understanding of the 0.8 12 0.8
architecture since the SAAM review._____

P P1 +P2 +P3 +P4 +P5 0.6 12 0.5

The Case Study gave little indication as to why the review did not identify conflicts
and trade-offs. Three possibilities are suggested for investigation in other studies. First,
SAAM reviews, as implemented, might offer limited opportunity for uncovering
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conflicts and trade-offs. It is possible that the Scenario Interaction stage, which was not
conducted for the EXC31TE OCP/IMAD review, would be beneficial in uncovering
trade-offs even when a single architecture is being evaluated. Second, the quality and
quantity of review documentation might have precluded the discovery of conflicts and
trade-offs. The documentation consisted of 210 pages, some of which was derived from
templates. However, the documentation contained neither an overview of the
components in the architecture nor a discussion of how the requirements were
reflected by the architecture. Third, the architect believed that the architecture could
support almost any issue identified and often stated that 'anything was possible'.
However, it was not clear how much the architecture needed to be changed or
extended to support these features. The review was conducted as part of a research
program and not as part of a fixed price contract. Thus extensions to the architecture
were to be funded by the purchasers. This could have affected the attitude of the
architect and the number of conflicts and tradeoffs that were identified. All of these
alternative explanations require further investigation.

7. Negotiation stumbling blocks

It is believed that the performance of software reviews is adversely affected by
negotiation stumbling blocks. This section discusses the level and impact of several
negotiation stumbling blocks on the EXC3ITE OCP/IMAD SAAM review. The design
of the study enabled a wide range of negotiation stumbling blocks to be investigated:
Conformance Pressure, Cognitive Inertia, Production Blocking, Domination,
Communication Breakdown and Freeloading. Some of these negotiation stumbling
blocks had previously been investigated in the studies of software reviews that were
introduced in Section 4. Where possible, the results of the EXC31TE case study are
compared with the results of these other studies. The additional information presented
in this report could be used as a baseline for comparison in further studies on similar
projects.

7.1 Conformance Pressure

In negotiations, Conformance Pressure is said to occur when participants are reluctant
to criticise the comments made by other participants (Nunamaker et al. 1991).
Conformance Pressure was studied because there was anecdotal evidence of
Conformance Pressure in the Project Llama study (Kingston 1999b). Laboratory studies
also indicated that perceived Conformance Pressure increases when review
participants have different or conflicting goals, rather than the same goals (Kingston
1999a).

The EXC31TE case study used two sources of information on Conformance Pressure.
The first was the post-review questionnaire, which contained four questions pertaining
to the level of Conformance Pressure experienced by the group. The first three
questions were associated with the three occasions during a software review when
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Conformance Pressure can arise; when issues are stated (CP1), when they are raised
(CP 2), and when they are resolved (CP3). Participants may not state issues if they expect
that the other group members will disagree with them. However, there are many other
reasons why issues may not be stated. For example, an issue may not be raised because
similar issues have already been considered. Therefore, rather than asking the
participants about the issues which they did not raise, the questionnaire asked the
participants about the issues they did raise. The question pertaining to CP1 asked
participants if they focused on the issues that they believed would be easy to resolve.

If another person disagrees with an issue that a participant has stated, then the
participant may drop it due to Conformance Pressure. The question corresponding to
the variable CP2 addresses this component of Conformance Pressure.

Participants may also be discouraged from discussing issues where the review
participants disagree on the issue or its resolution. The question corresponding to the
variable CP3 addresses this component of Conformance Pressure. These three questions
were indirect questions that had been used in laboratory studies of software reviews
(Kingston 1999a). The fourth question (CP4) was a more direct question about the level

of Conformance Pressure experienced by the group.

Table 15: Perceived Conformance Pressure in the EXC3ITE OCP/IMAD review,
and in laboratory studies of software reviews.

Variable Question EXC3ITE OCP/IMAD Laboratory
Studies

Mean Number of Standard Mean Mean
Responses Deviation Same Different or

Conflicting
CP1  During the meeting, the group -0.6 11 0.8 0.15 -0.30

tried to focus on issues that
would be easy to resolve.

-CP 2  During the meeting, the -1.1 12 1.0 0.55 0.00
group recorded all
issues raised - even
issues we did not agree
on.

CP3  During the meeting, the group -0.3 12 0.8 -0.95 -0.55
did not discuss the issues
before we tried to resolve
them.

CP 4  During the meeting, I felt -1.4 12 0.8 N/A
pressured to agree to issues
that I either disagreed with, or

I did not fully understand.
CP (CP 1 - CP 2 + CP3 + CP4)/4 -0.8 11 0.4 -0.10 -0.30

40



DSTO-RR-0170

The results (Table 15) indicated that Conformance Pressure in the EXC31TE review was
generally low. Indeed, for the components CP1 and CP2, the level of Conformance
Pressure was lower than that experienced by all groups in the laboratory studies -

regardless of whether the members of the laboratory groups had the same goals, or
different or conflicting goals. One possible explanation is that Conformance Pressure is
greater between students than between researchers. However, this explanation is
unlikely because the Conformance Pressure associated with resolving issues (CP3) was
higher in the EXC31TE review, although this is possibly because very few issues were
explicitly resolved in the EXC31TE review. Indeed, the facilitator provided little
opportunity for the reviewers to comment and discuss issues after they were identified.
This has already been discussed in Section 5.2 and should improve as the facilitator
gains more experience with SAAM reviews, or if facilitators were given additional
training on the SAAM review process.

The second source of information about Conformance Pressure was provided by the
analysis of the observations of the review. Interruptions and disagreements were
recorded. During the meeting, there were thirty-five cases where a person was
interrupted and six cases where disagreement with a statement was expressed.
However, these do not appear to have affected the performance of the review as all the
reviewers continued to raise issues after the interruptions and disagreements. This is
probably because of the nature of the interruptions and disagreements. Most of the
interruptions were to provide clarification of information during the presentations. For
example, the two interruptions shown in Figure 12 were for clarification of
information. Most of the disagreements were resolved when a second participant, with
appropriate technical knowledge, agreed with one of the two participants between
whom the disagreement had arisen. Resolution of disagreements might not have been
so easy if the participants did not have respect for the other participants' technical
knowledge, or if the disagreements had concerned the system's requirements rather
than technical issues.

In summary, the main source of Conformance Pressure in the EXC31TE OCP/IMAD
review appears to have occurred during the resolution of issues. This is in contrast to
the results of the laboratory studies where Conformance Pressure appeared to affect
the stating and recording of issues, as well as the resolution of issues. Thus, SAAM
reviews might have less Conformance Pressure than other joint software reviews.
However, additional studies in other environments are required to confirm these
results.

7.2 Cognitive Inertia

Cognitive Inertia occurs in negotiations when participants refrain from making
comments that are not related to the current discussion (Nunamaker et al. 1991). That
is, it occurs when comments remain focused on a single topic. However, SAAM
reviews focus on one scenario at a time. If a scenario focuses the reviewers on a
particular class of issue, it would be acceptable for similar issues to be raised during
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the discussion of the scenario. Therefore, this study focused only on Cognitive Inertia
during the scenario identification phase. The main limitation with this definition of
Cognitive Inertia is that it does not allow reviews that use scenarios to be compared
with other software review techniques. However, the author knows of no accepted
measure of Cognitive Inertia that could be applied to all software reviews. The
advantage of this measure of Cognitive Inertia is that it can be both subjectively and
objectively evaluated, as in this study. The subjective evaluation was conducted using
the post-review questionnaire and the objective evaluation was conducted by
analysing the review documentation.

The questionnaire contained one question on Cognitive Inertia that explicitly asked the
participants if they had experienced Cognitive Inertia (Table 16). The results were
somewhat mixed (standard deviation of 0.8). Five of the twelve participants had
neutral responses (response equivalent to 0), five disagreed with the statement
(response equivalent to -1 or -2) and two of the participants agreed with the statement
(response of 1).

Table 16: Perceived Cognitive Inertia in the EXC31TE OCP/IMAD review.

Variable Question Mean Number of Standard
___________________________Responses Deviation

CIQ After a scenario had been identified it was -0.3 12 0.8
easier to identify similar scenarios than to
identify a completely different type of
scenario.

Table 17: Demnonstrated Cognitive Inertia in the EXC31TE OCP/A4AD review.

Variable Definition Value___

N The number of scenarios identified. 35____

S The number of scenarios similar'0 to the previous scenario. 4

However, the minutes of the review were more objective and showed that there was
very little Cognitive Inertia (Table 18). The minutes contained a list of scenarios, and

10 Similar scenarios were determined by asking two of the review organisers to organise the scenarios into

groups of related scenarios. They classified 23 of the scenarios in an identical manner and a further 9
scenarios received the same high-level classification. Thus, while the classification was subjective, the
inter-rater reliability was reasonably high (32/35) and it is reasonable to use the groupings as a
classification scheme. Scenarios that were placed into the same group by either organiser were classed as
similar scenarios.
"1 The level of cognitive inertia is normalised. The normalisation was designed so that a value of 1 means
that all the scenarios were similar to the previously identified scenario and a value of 0 means that none of
the scenarios were similar to the previously identified scenario. The normalisation divides by N-i rather
than N because the first scenario is not compared to any of the other scenarios.
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the order in which they were identified. The level of Cognitive Inertia was calculated
from this list of scenarios as described in Table 18. That is, the number of similar
scenarios that were identified sequentially was compared with total number of
scenarios identified. While the low level of Cognitive Inertia is promidsing, the level of
Cognitive Inertia in other software reviews could be influenced by the amount of time
the participants were given to prepare for the review, and the method used to elicit
scenarios. In the EXC31TE review, the participants were given time to identify
scenarios. The facilitator then asked each participant to state one scenario before
allowing the participants to state the other scenarios they had identified. Thus, future
studies should be conducted to identify the impact of preparation time and facilitation
strategies on Cognitive Inertia.

7.3 Production Blocking

Production Blocking is the term used for negotiation stumbling blocks that arise
because the participants in a meeting or a negotiation cannot all contribute to the
meeting at the same time (Diehl and Stroebe 1991; Lebie et al. 1996). Production
Blocking was studied because there was anecdotal evidence of Production Blocking in
the Project Llama study (Kingston 1999a). The three components of Production
Blocking are Attenuation Blocking, Concentration Blocking and Attention Blocking.
Attenuation Blocking occurs when "members who are prevented from contributing
comments (issues) as they occur, forget or suppress them later in the meeting because
they seem less relevant, original or important" (Nunamaker et al. 1991). Concentration
Blocking occurs when new issues are not identified because the reviewers are trying to
remember the previous discussions (Nunamaker et al. 1991). Attention Blocking occurs
when the reviewers are concentrating on the discussions and do not have sufficient
time to identify new issues (Nunamaker et al. 1991).

The level of Production Blocking in the SAAM review was characterised using two
questions in the post-review questionnaire (Table 18). The variable PB1 captures the
perceived degree of Attenuation Blocking, while PB2 captures the perceived degree of
Concentration Blocking and Attention Blocking. The last two factors were not
addressed separately, because it was believed that the participants would find it
difficult to distinguish between the factors. Objective measures of Production Blocking
could not be used to confirm the results from the questionnaire, because Production
Blocking specifically refers to issues that were not stated. The results (Table 18) showed
a wide variation in the level of Production Blocking. The participants generally
believed that they were able to state all their concerns - concerns could either require
clarifications of information or require new issues to be raised. However, some
participants believed that they were not able to contribute fully because of the volume
of information and the need to concentrate on the presentations. A large amount of
documentation (over 200 pages) was supplied for the EXC31TE OCP/IMAD review.
This could have affected the level of Production Blocking in the review.
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Table 18: Perceived Production Blocking in the EXC31TE OCP/IMvAD review.

Variable Question Mean Number of Standard
______ ______________________________ esponses Deviation

PBi During the meeting, I had several -1.0 12 0.6
concerns that I did not state because I
believed that they would not be of interest
to the rest of the group or because I
believed they were not relevant to the
Ireview.________

PB2  During the meeting, it was difficult to -0.1 12 0.9
identify scenarios and issues because of
the amount of information that had to be
presented and the need to concentrate on

______I what other people were saying.____

PB I(PB1 + PB2) / 2 -0.5 12 0.7

Additional studies should be conducted to determine the effect of documentation
quantity and quality on Production Blocking. There was also anecdotal evidence of
Production Blocking in the Project Llama study. However, this had a specific cause - a
difference in how the reviewer had collated issues and the organisation of the meeting.
Further studies are also needed to determine how the level of Production Blocking
compares with the level in traditional software reviews, and to see if the level of
Production Blocking can be further reduced.

7.4 Domination

Domination occurs when 'some group member(s) exercise undue influence or
monopolize the group's time in an unproductive manner' (Nunamaker et al. 1991).
Domination was studied using both the post-review questionnaire and observation of
the EXC31TE OCP/IM4AD review.

The observations were analysed for large differences in the time that the participants
were given to state their opinions. A participant was said to be dominating discussions
if they spent more than twice the average time stating their opinions. This includes the
time spent stating scenarios and issues, as well as time spent in discussion. It does not
include the time spent presenting information. For example, the time spent by two of
the reviewers presenting information on the SAAM review process was not included.
The time spent presenting scenarios during the evaluation phase was also excluded.

The analysis uses a very coarse measure of time spent in discussion. The two observers
recorded whenever a new participant commenced speaking. The time of the recording
was automatically included. In these discussions, a single interval of speech by a single
participant will be called a 'conversation block'. Over 400 conversation blocks were
recorded in the SAAM review meeting, some of which lasted under 10 seconds. The
duration of the conversation blocks was' subject to measurement error. There was a
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time delay between the start of a conversation block and when it was recorded. The
time delay was not systematic as it varied depending on the number of people who
spoke in quick succession, and the amount of additional information that had to be
recorded. These errors mean that the times were not accurately recorded. There was an
average variation of 30% in the total time attributed to the individual reviewers.
However, this variation is acceptable given the definition of Domination.

The architect, the facilitator and the observers were excluded from the analysis of
Domination. Thus, the results reflected Domination amongst the reviewers. This
measure was chosen to avoid a possible bias in the measure due to the ratio of
reviewers to the number of observers, and the single architect and facilitator. It was
anticipated that the architect and the facilitator would spend more time in discussions
than the other participants would. It was believed that the architect would spend more
time in discussions because of his knowledge of the work product. It was believed that
the facilitator would spend more time in discussions because of his role in coordinating
the meeting and sunmmarising the issues as they were raised. This was supported by
the data (Table 19). The two observers who did not participate in the meeting were
excluded from the analysis. They spent no time in discussion. Including them would
lower the mean and skew the results of Domination. The analysis was conducted both
with and without the third observer, who did participate in the meeting, because they
acted as a reviewer. Their inclusion or exclusion made no difference to the figures
reported in Table 19. As shown in the table, there was no Domination between the
remaining review participants.

Table 19: Observed Domination in the EXC31TE OCP/IMAD review.

Participants Time Spent in Discussion Domination
Average for both observers
(minutes)

-Architect 59 Excluded from analysis
Facilitator 25 as discussed above.
Minimum Reviewer 4

-Average Reviewer 8 False
Maximum Reviewer 11 ___________

The post-review questionnaire also asked the participants whether or not they believed
that the meeting was dominated by one or two individuals (D). The participants
generally disagreed (mean less than 0 in Table 20) that one or two individuals
dominated the meeting. However, there was some variation in the responses (standard
deviation of 0.8).
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Table 20: Perceived Domination in the EXC31TE OCP/IMAD review.

Variable Question Mean Number of Standard
Res onses Deviation

D The meeting was dominated by one or -1.2 12 0.8
two individuals.

7.5 Communications Breakdown

Communications Breakdown occurs in negotiations when the participants stop
discussing existing proposals and fail to propose alternative proposals for
consideration (Nunamaker et al. 1991). Communications Breakdown has also been
investigated in the laboratory studies of software reviews introduced in Section 4. In
the EXC31TE review, it was investigated using the post-review questionnaire. For
consistency, the questions in the post-review questionnaire were identical to questions
used in the laboratory studies. However, because the participants in the study did not
identify issues before the SAAM meeting, only two of the questions were relevant.
Communication Breakdowns occur in software reviews when the participants discuss
issues without resolving them (CBi and CB2). Table 21 summarises the questions and
variables this study uses to determine the presence of Communications Breakdown in
software reviews.

The responses from the questionnaire (Table 21) indicate that there was generally a low
level of Communications Breakdown. However, there are some interesting differences
between the results of the EXC31TE OCP/IMAD study and the results of the previous
laboratory studies. The EXC31TE OCP/IMAD review showed a lower level of
Communications Breakdown related to CB2 and a higher level of Communications
Breakdown related to CB1. This was probably because the participants in the EXC31TE
OCP/LMAD review spent very little time trying to resolve issues. (The reasons for the
low level of issue resolution were discussed in Section 5.2.) It appears reasonable that
this would affect Communications Breakdown in the manner observed. Additional
studies are required to determine if the observed changes in Communications
Breakdown are characteristic of SAAM reviews, or if the changes in Communications
Breakdown resulted from the short time spent discussing issues. In particular,
additional studies are required on SAAM reviews using facilitators who are trained to
identify conflict, especially latent conflict - that is conflict which is not explicitly
expressed.
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Table 21: Perceived Communications Breakdown in the EXC31TE OCP/IMAD review.

Variable Question EXC31TE OCP/IMAD Laboratory
________Studies

Mean Number of Standard Mean Mean

________________Conflicting

-CB1  The group worked -1.1 12 0.5 -1.45 -1.35
together to identify

_______and/or resolve issues. _______ _________

CB2  The group wasted time trying -1.3 12 0.6 -1.15 -0.95
to resolve issues without

I___ I_ coming to an agreement. _______ _________

CB I(CB2 - CB1)/2 1-1.2 1 12 1 0.4 1-1.30 -1.15

7.6 Freeloading

Freeloading participants attend the meeting, but do not prepare for the meeting or
contribute to the meeting. Freeloading, as calculated in the study of Project Llama, for a
review with N participants, is a normalised (/2N) measure of the number of
participants that do not prepare for the review (N-P) plus the number that do not
contribute to the review (N-C). The same calculation is used in this study. However,
where possible, the measures of C and P are based on objective evidence rather than
relying on self-reported measures of the participants' contributions to the meeting. In
the EXC31TE OCP/IMAD review, the reviewers and observers either contributed both
scenarios and issues, or neither. Therefore, a participant was deemed to have
contributed to the meeting if they were a reviewer or an observer and they contributed
scenarios (0.5 of a contribution) or issues (0.5 of a contribution) or both (1.0 of a
contribution). In contrast, self-reported contributions were used in the Project Llama
study.

The facilitator, architect and recorder were not included in the analysis. There are
arguments for and against this decision. The facilitator, architect and recorder have
different roles than the other participants. Because of these roles, they should always
contribute to the review in a specific manner. They should be included if the review is
to be compared with other software reviews where the participants have different
roles, or multiple participants in these roles. However, inclusion of these participants
would make it difficult to compare the results from review meetings with more or less
participants. That is, reviews with a small number of participants would always have
relatively low levels of Freeloading regardless of the contributions of the reviewers,
because of the contributions of the architect, the facilitator, and the recorder. For this
reason, both sets of results are reported. The architect, facilitator and the recorder are
deemed to have contributed to the review if they presented information or if they
contributed issues. They were not allowed to contribute scenarios.
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Table 22: Reviewers' and observers' preparation for the EXC3ITE OCP/IMAD review.

Activity conducted before the review meeting Res onses
Totall By iRes ondent

Preparation or collation of the architecture Documents 3 ite re Docoent 9
Familiarisation. with the architecture Documents 9
Familiarisation with the SAAM process
Identification of scenarios
Identification of issues
Other 2 1 0 I

Table 23: Facilitator, architect and recorder's preparation for the EXC3ITE OCP/IMAD review.
Activity conducted before the review meeting Repne

Total ByRsondent
Prearation or collation of the architecture Documents 1
Familiarisation with the architecture Documents 2
Familiarisation with the SAAM process 3

Identification of scenarios 1
Identification of issues 0
Other 2

To determine whether or not the participants had prepared for the review, they were
requested to describe how they had prepared for the review. The participants were
given six options as shown in the first columns of Table 22 and Table 23. The responses
from the facilitator, the architect and the recorder (Table 23) were separated from those
of the reviewers and observers (Table 22). The stated activities of the participants are
shown by the shaded entries in the tables. The 'Total' columns indicate the number of
participants shown in the table, who undertook each type of activity. All the
participants, who indicated that they had undertaken any preparation for the review,
were deemed to have prepared for the review.

Table 24 summarises the information used to calculate the level of Freeloading in the
review. As shown in the second-last two columns, two values of Freeloading were
calculated to enable comparison with the results of the Project Llama review, which are
given in the far-right column. The second column from the right contains the value of
Freeloading calculated using the same method as in the Project Llama study. This
value is independent of the review process. However, in the SAAM review process, the
roles of the architect, the facilitator, and the recorder mean that they have to contribute
to the review. This means that SAAM reviews with a small number of participants
could have a higher level of Freeloading, without necessarily having had a larger
percentage of participants contribute to the identification of scenarios and issues.
Therefore, Freeloading was also calculated for a subset of the participants, for the
reviewers and the observers.
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Table 24: Freeloading in the EXC3ITE OCP/IMAD review and the Project Llama review.

Variable Number or Value ______

EXC31TE OCP/IMAD Project Llama
Reviewers and Total

___ ____________________________Observers ____________

N Number of meeting participants. 9 12 5 Respondents
C Contributors 7 10 3
P Participants who prepared for the 9 12 5

review ________ ____ ________

Fl, Free loading = (2N - P - C)/2N 1 0.11 10.08 0.1

The level of Freeloading recorded for the Project Llama review is very similar to the
level of Freeloading amongst the reviewers and observers in the EXC31TE OCP/IMAD
review and slightly higher than that observed amongst all the participants in the
review (Table 24). However, the questionnaire used to calculate Freeloading in the
Project Llama study had a low response rate (33%) and there was some evidence to
suggest that the actual level of Freeloading in the Project Llama review could have
been significantly higher (Kingston, 1999b). It is also possible that the level of
Freeloading in the EXC31TE OCP/IMAD review is not indicative of SAAM reviews.
One of the stakeholders could not attend the review and instead sent two
replacements. The role of these replacements was not clear, and the facilitator did not
solicit information from them. If the role of these participants had been made clear to
the facilitator, it is possible that they would have contributed to the review. Thus, it
appears that the level of Freeloading in SAAM reviews is at least as low as that in
traditional software reviews. Additional studies are necessary to confirm whether the
level of Freeloading in SAAM reviews is equal to or lower than that in other joint
design reviews.

8. Implications

The study has several implications for the conduct of, and research into, joint software
reviews and SAAM reviews. The implications depend, in part, on the external validity
of the study.

8.1 External validity

The external validity of this study is limited by five main factors. First, the study was
self-selecting. The systems architect and the EXC31TE OCP/IM1AD project manager
both volunteered to trial the SAAM review process during the review of the EXC31TE
OCP/IMAD concept demonstrator. They had both attended training in the SAAM
process and both believed that the process would be beneficial. Thus, the systems
architect and the project manager might have been more willing to cooperate than
might the participants in a typical joint software review. That is, the project being
studied could be atypical.
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Second, only a single review was studied. The 4-hour review had 12 participants,
210 pages; of documentation, and poorly understood and documented requirements,
some of which were only delivered on the day before the review (Section 4.4). While
the requirements might be poorly understood in many reviews, care should be taken
when interpreting the results of the study for reviews where the requirements are well
understood. Variations to the environment in which a review is conducted could affect
the review characteristics. For example, the preparation time and facilitation strategies
might effect the level of Cognitive Inertia and Communications Breakdown. The
amount and quality of the documentation might effect the level of Production
Blocking. More importantly, the EXC31TE project is not a typical software project.
DSTO, in partnership with DAO, have a role in managing the EXC31TE project.
Consequently, the participants in the EXC31TlE OCP/IMAD review all had a strong
technical (software engineering) background rather than a strong military background.
It is believed that this resulted in the generation of more issues that were technical, and
less issues that were related to the requirements, than would be generated in the
review of a typical project. The participants' respect for each other's technical expertise
might also mean that the participants had less difficulty resolving issues than might the
participants in a typical joint software review.

Third, the experience of the participants with the SAAM review process was limited.
None of the participants, including the facilitator, had previously participated in a
SAAM review. Several of the limitations identified with the SAAM review process
could have been artefacts of this inexperience. However, this might not be a severe
limitation on the study. The participants in traditional joint software reviews do not
always have previous review experience.

Fourth, not all the steps of the SAAM review process were included in the EXC31TE
OCP/IMAD review. The Scenario Interaction step and the Scenario Weighting step
were not included. The Scenario Weighting step was not included because only a single
architecture was under review. The facilitator did not include a Scenario Interaction
step. This step identifies the components that would need to be modified to support
the scenarios. It is believed that classification of scenarios, which contributed little to
the EXC31TE OCP/IMAD review, would be most beneficial during the Scenario
Interaction step. It is believed that assessment of the value of the stages in the SAAM
review process needs to consider the context of the review.

These first four limitations can be addressed with additional studies of the SAAM
review process conducted on a range of projects. Future studies are planned, which
will use a more experienced facilitator and a modified review process, in order to
address some of these limitations.

The fifth limitation is more difficult to address. The study did not allow for a direct
comparison between traditional software reviews (of designs) and SAAM reviews. The

50



DSTO-RR-0170

strengths and limitations of the SAAM review process are now discussed in light of
this limitation.

8.2 SAAM reviews and traditional joint software reviews

The study provides limited evidence to support the use of SAAM reviews. No direct
comparisons were made between SAAM reviews and traditional joint software
reviews. While comparisons were made with the results of previous studies, these
reviews were conducted in different contexts. Additional studies are required to
compare SAAM reviews and traditional joint software reviews for a range of projects.
It is unlikely that a study of SAAM reviews and traditional joint software reviews
could be conducted on the same stage of a single project, without introducing
alternative biases. Therefore, multiple studies of both traditional joint software reviews
and SAAM reviews are required to clearly identify the strengths and limitations of the
two approaches.

The conclusions drawn from the comparison between SAAM reviews and the previous
studies of software reviews can only be tentative, because of the differences between
the three studies. The studies use different empirical techniques. For example, this
study is the only study to use detailed observations. The reviews being studied also
had different characteristics. The laboratory studies used two-person reviews of
students reviewing a 6-page design document. The subjects were also provided with a
16-page document containing supporting informnation that included explicit system
requirements. The subjects' goals for the review concerned additional, implicit
requirements. The Project Llama and the EXC31TE OCP/IMAD review were both case
studies conducted in an industrial setting. The traditional architecture review of Project
Llama and the SAAM review of the EXC31TE OPC/IMAD architecture had similar
numbers of participants (15 versus 12). The requirements were not fully specified for
either system, although Project Llama was designed to replace an existing system. Less
documentation was reviewed during the Project Llama review (142 pages) than for the
EXC31TE OPC/IMAD (210 pages). However, the main differences between the reviews
were the nature of the projects. Project Llama was being acquired through a project run
by the DAO. The project aimed to develop a replacement for a system component with
which the system users interact. In contrast, EXC31TE OCP/IMAD was part of a
research project jointly managed by DSTO and the DAO. The project aimed to develop
a concept demonstrator for future command and control systems. These differences
should be considered when comparing the results of the study.

According to the review participants who had experienced traditional software
reviews, the SAAM review of the EXC31TE OCP/IMAD architecture was better than
traditional software reviews (Table 4 and Table 6). However, the objective evidence
shows only limited support for this opinion.

The SAAM review had lower levels of process loss (30%) than observed for either the
Project Llama review (100% of sample issues) or the laboratory reviews (mean of
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approximately 50%). However, the process loss in the SAAM review process would
tend to be lower because of variations in how process loss was defined. The
participants in the SAAM review process did not try to identify issues before the
review, so the process loss is based on the number of issues stated rather than the
number of issues identified before the review. Additional studies on traditional
software reviews using this definition of process loss are needed before the process
losses can be accurately compared.

Other characteristics of the SAAM review process were similar to the characteristics of
the traditional software reviews. The SAAM review had similar issue resolution rates
to the reviews in the laboratory studies, and in both studies it appears that issues might
have been resolved prematurely (Section 6.1). A comparison between the negotiation
stumbling blocks encountered by the groups in the laboratory studies and the group in
the Project Llama review showed mixed results (Section 7). The level of some
components of Conformance Pressure and Communication Blocking increased, while
others decreased. Further, a comparison between the Project Llama review and the
EXC3ITE OCP/IMAD review shows that the participants' goals were partially met
using both techniques (Section 5.2). The level of Freeloading was also similar in the two
studies (Section 7.6). However, the true level of Freeloading in the Project Llama
review was probably considerably higher than that reported. It is believed that the
respondents who did not return the questionnaire were observers, who made limited
contributions to the review. Thus, early identification of stakeholders in the SAAM
review process might reduce the level of Freeloading and therefore the cost of joint
software reviews.

SAAM reviews may still offer benefits over traditional joint software reviews. The
process had considerable support from the participants and exhibited a number of
desirable properties. A number of potential improvements to the SAAM review
process were also identified. The strengths and limitations of SAAM reviews are now
discussed in more detail.

8.3 SAAM Reviews

The SAAM review process has two main differences from traditional joint software
reviews: the use of a facilitator and the use of scenarios including voting on the
scenarios. Both were generally believed to be beneficial. However, the study identified
several areas where improvements should be possible.

The facilitator used in the study was inexperienced with the SAAM review process.
While he received some training in the process before the review, it is believed that
additional training and guidance would have been beneficial. Additional studies could
be conducted to determine the best methods of training experienced facilitators in the
SAAM review process. A trained facilitator should be able to ensure that the
participants' roles are well understood (Section 5.1) and that issues are clearly
identified and resolved to the satisfaction of all participants (Section 5.2). They should
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also facilitate the elaboration and grouping of scenarios before the selection of
scenarios.

Methods of elaborating and grouping scenarios, and methods of selecting scenarios
would also benefit from additional studies. The review group were given little
guidance, and failed to identify and group similar scenarios (Section 5.4). Alternative
processes for elaborating and grouping scenarios could be developed, investigated,
and used to produce guidelines for reviewers and for facilitators.

The participants in the EXC31TE OCP/IMAD review also believed that the voting
process used to select scenarios for evaluation was biased. Most of the scenarios
investigated were raised and voted on by the participants who had the final three sets
of votes. Alternative mechanisms should be investigated. The current voting process
has two design features. First, the voting patterns are visible to all the participants.
Second, the voting has two rounds so that voting patterns can be modified based on
the results from previous rounds. There is no evidence that these design guidelines
have been empirically or theoretically validated, although other SAAM reviews have
been conducted. Therefore, the guidelines, and alternative guidelines or voting
schemes should be investigated further.

Both the voting schemes and the guidelines for elaborating and grouping scenarios
could be investigated outside the context of the SAAM review process. However, the
study also provides a baseline for testing the impact of these and other changes on the
SAAM review process. The SAAM review had a high level of participant satisfaction,
but the participants did not identify conflicts and trade-offs. The SAAM review had a
very low level of Domination. It also had reasonably low levels of other negotiation
stumbling blocks - such as Cognitive Inertia and Production Blocking. Furthermore,
the evidence from this study suggests that these levels could be improved, further
reducing the loss of issues due to Cognitive Inertia and Production Blocking. The
results suggest that improved voting schemes and guidelines for grouping scenarios
could improve the degree of Goal Alignment and possibly increase the percentage of
goals completely met by the review, thus improving the performance of the review.

9. Recommendations

The study highlighted the characteristics of the SAAM review process and provided a
preliminary, but unconclusive, comparision between SAAM reviews and traditional
software reviews. The use of SAAM reviews could result in improved review
performance (lower loss of issues or problems) and a decreased level of Freeloading (or
increased contibution from all participants). However, the SAAM review process has
some limitations and the participants did not believe that the SAAM review process
was useful for identifying conflicts and tradeoffs.
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Consequently, this report recommends the continued study of the SAAM review
process. Three areas deserve particular attention. First, the required skills and training
of the facilitator need to be identified. For example, in the study, the facilitator was
observed to exert Conformance Pressure resulting in the premature resolution of
issues. It is believed that this problem could be addressed through training. Second, the
process by which scenarios are elaborated and combined should be studied.
Participants in the study found this activity difficult because of lack of guidance. Third,
the voting process used to select scenarios should be studied. The voting process was
incorrectly implemented, and the participants believed that, even if implemented
correctly, the voting process would be biased. If SAAM reviews are to be used before
further study, it is recommended that the participants have to record their votes before
the start of each round of voting. This would ensure that the last participants to state
their votes are not able to ensure that their scenarios are selected by adjusting their
votes.

Until these areas are addressed, the SAAM review process cannot be recommended as
a replacement for traditional joint architecture reviews. However, the SAAM review
process did appear to be beneficial at identifying and clarifying requirements. SAAM
reviews might therefore be a useful addition to some projects, such as those using
evolutionary acqusition. During an evolutionary acquisition the detailed requirements
are refined during each phase in the acqusition (Henderson and Gabb 1997).
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Appendix A: Pre-Review Questionnaire

The pre-review questionnaire was used to collect three types of information from the
participants in the EXC31TE OCP/IMAD review. First, information was obtained about
participants' experience with joint software reviews and with the SAAM review
process. This provided information about the context in which the review was
conducted. According to models of software reviews (Kingston 1999a; Sauer et al.
1999), the experience of participants can affect the performance of a software review.
Second, information was obtained about the participants' roles in the review. This also
provided information about the context in which the review was conducted. Third,
information was collected about the participants' goals. This information was used in
the interpretation of the information collected in the post-review survey about the
participants' goals that met by the review.
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SAAM Review: Pre-Review Questionnaire

Part A: Background

Project: EXC3ITE Experience

Review: __OCP/IMAD ARCHITECTURE_ Previous Joint Software Review Experience*:

Lo 0 Reviews
Date(s):_2_March_1999 LI 1-5 Reviews

LO > 5 Reviews

Name (Optional): Last Joint Software Review* (other than a

Phone Number (Optional): SAAM review)

o Never
Organisation: LI < 12 months

o > 12 months

What were your expectations for the Previous SAAM Review Experience:
review, and what did you hope to achieve Q No experience
at the review?

O Training or 1 Review
o > 1 Review

* A joint software review is a review attended

by both acquirers and the developers.

Part B: Review Information
What is your role in the review? (Tick all that apply).

o Facilitator 0 EXC3ITE Developer 03 Architect/Presenter

a Recorder L3 EXC3ITE Project Manager L3 Research User /

o Reviewer L3 EXC3ITE System Manager Technical Expert

o Observer LI CTD Developer 0 Other

What are your goals for the review? Using all three columns and the space provided for listing
additional goals, rank your goals for the review. Use rank I for the most important goal, 2 for the second
most important goal etc. Do not repeat numbers. You do not have to rank every goal.

Consider Technical Design: Consider other issues: 0i Verify the architecture
LI Performance Aspects LI Documentation LI Secure agreement on
LJ Requirements Met Quality approach

L ReuirtE xirmentsMt LI Future supportability LI Present information

Li Support for Experiments Li Proof of OCP Quality Li Address issues and

L[ Minimise IMAD changes LI Risk Assessment scenarios

Li Minimise OCP changes LI Cost/Benefit of
Li Flexibility (for other CTDs) alternatives

Other.

Li 5 LI
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Appendix B: Post-Review Questionnaire

The post-review questionnaire was used to collect three types of information from the
participants in the EXC31TE OCP/IMAD review. First, information was obtained
about whether the participants' goals were met completely, partially, or not at all.
Second, information was obtained about the negotiation stumbling blocks
encountered by the participants. Third, information was obtained about the perceived
strengths and weakness of the SAAM review process. All three sources of information
were used in the characterisation and evaluation of the SAAM review process.
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SAAM Review: Post-Review Questionnaire

Part A: Goals

Indicate which of your goals were met completely (C), partially (P) or not met (N).

Consider Technical Design: Consider: El Verify the

L] Performance Aspects UI Documentation Quality architecture

U Requirements Met L3 Future supportability LI Secure agreement on

El Support for Experiments LI Proof of OCP Quality approach
-I Present information

LI Minimise IMAD changes L3 Risk Assessment
LI] Address issues and

LI Minimise OCP changes LI Cost/Benefit of Aris

UI Flexibility (for other CTDs) alternatives

Other

Part B: SAAM Evaluation

1. During the meeting, the group recorded all issues raised - even issues we did not
agree on.

1 2 3 4 5
Strongly Strongly
Agree Disagree

2. During the meeting, the group did not discuss the issues before we tried to resolve them.
1 2 3 4 5

Strongly Strongly
Agree Disagree

3. During the meeting, the group tried to focus on issues that would be easy to resolve.
1 2 3 4 5

Strongly Strongly
Agree Disagree

4. The meeting was dominated by one or two individuals.
1 2 3 4 5

Strongly Strongly
Agree Disagree

5. After a scenario had been identified it was easier to identify similar scenarios than to
identify a completely different type of scenario.

1 2 3 4 5
Strongly Strongly

Agree Disagree
6. The group worked together to identify and/or resolve issues.

1 2 3 4 5
Strongly Strongly

Agree Disagree
7. The group wasted time trying to resolve issues without coming to an agreement.

1 2 3 4 5
Strongly Strongly

Agree Disagree
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8. During the meeting, I felt pressured to agree to issues that I either disagreed with, or did not fully
understand.

1 2 3 4 5
Strongly Strongly

Agree Disagree
9. During the meeting, I had several concerns that I did not state because I believed that they would

not be of interest to the rest of the group or because I believed they were not relevant to the review.
1 2 3 4 5

Strongly Strongly
Agree Disagree

10. During the meeting, it was difficult to identify scenarios and issues because of the amount of
information that had to being presented and the need to concentrate on what other people were
saying.

12 3 4 5
Strongly Strongly

Agree Disagree
11. The SAAM review uncovered conflicts and tradeoffs.

1 2 3 4 5
Strongly Strongly

Agree Disagree
12. During the meeting, it was easy to classify the participants into factions or groups with similar

interests.
1 2 3 4 5

Strongly Strongly
Agree Disagree

13. The meeting created a greater sense of shared purpose amongst the stakeholders.
1 2 3 4 5

Strongly Strongly
Agree Disagree

14. Requirements were well documented and I understood them prior to the review.
1 2 3 4 5

Strongly Strongly
Agree Disagree

15. The SAAM review revealed new requirements.
1 2 3 4 5

Strongly Strongly
Agree Disagree

16. The SAAM review clarified existing requirements.
1 2 3 4 5

Strongly Strongly
Agree Disagree

17. During the review meeting I tried to contribute towards all of the scenarios.
1 2 3 4 5

Strongly Strongly
Agree Disagree

18. During the review meeting it was difficult to identify issues in scenarios proposed by the other
meeting participants.

1 2 3 4 5
Strongly Strongly

Agree Disagree
19. The SAAM review should result in an improved architecture, or description of the architecture.

1 2 3 4 5
Strongly Strongly

Agree Disagree
20. 1 have a better understanding of the architecture since the SAAM review.

1 2 3 4 5
Strongly Strongly

Agree Disagree
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Part C: SAAM Comparison

If you have participated in one or more joint software reviews that did not use the
SAAM review process, please tick all of the following statements with which you
agree.

21. SAAM reviews offered no benefit over traditional joint software reviews.

1 2 3 4 5
Strongly Strongly
Agree Disagree

SAAM reviews are better than other software reviews because:

22. The facilitator was able to prevent conflict from escalating.
1 2 3 4 5
Strongly Strongly
Agree Disagree

23. After voting on the scenarios everyone had the same goals.
1 2 3 4 5
Strongly Strongly
Agree Disagree

24. The voting scheme gave everyone the opportunity to ensure that their goals were
addressed.
1 2 3 4 5
Strongly Strongly
Agree Disagree

25. SAAM reviews are more structured than ordinary reviews.
1 2 3 4 5
Strongly Strongly
Agree Disagree

26. The scenarios provided a focus for the reviews.
1 2 3 4 5
Strongly Strongly
Agree Disagree

27. The use of scenarios and the voting scheme prevented one person from dominating
the discussion.
1 2 3 4 5
Strongly Strongly
Agree Disagree

28. The use of the facilitator prevented one person from dominating the discussion.
1 2 3 4 5
Strongly Strongly
Agree Disagree

29. The use of the facilitator ensured that everyone's goals were considered when each
issues was discussed.
1 2 3 4 5
Strongly Strongly
Agree Disagree
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Part D: Expectations and Improvements

Describe how your expectations for the SAAM review compare with the actual SAAM
review.

How do you believe that the SAAM review could have been improved?
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Appendix C: Coding Observations

The two research observers used a systematic process to record the activity during the
EXC31TE OCP/IM1AD review. The observers recorded conversation blocks. A
conversation block is a period when a single person spoke on a single general topic,
such as a particular issue, in a single manner (conversation type). At the start of a
conversation block, the observers recorded the person speaking using a database that
automatically recorded the time of the entry. The observers then tried to further
classify the conversation as in Table 25. Additional information was collected to
support the evaluation of the SAAM review process.

Table 25: Basic information recorded by the research observers.

Information Recording mechanism

Start of Time automatically recorded by the database. The completion
conversation time was identified by the start of the next recording as breaks in
block verbal communication

Person Selected from a list of the meeting participants.

Conversation Selected from the following list:
type *Presentation. This included material presented at the

whiteboard, on the overhead projector and opening
presentations by the facilitator. It included the presenation of
scenarios by the person who identified the scenario, except
when questions were asked.

*Discussion. This included asking and answering questions,
identifying scenarios.

*Social. This included introductions. It was also intended to
include asides about the weather, sport, news or the
participants themselves. Although none of these types of

___________ conversation blocks were observed.

The research observers recorded information about the scenarios and issues discussed
during the review (Table 25). These observations were combined with information
obtained from the review minutes to assess the efficency and effectiveness of the
review.

64



DSTO-RR-0170

Table 26: Information about the review performance recorded by the research observers.

Information Recording mechanism

Scenario Information about scenarios was recorded during the scenario
Information brainstorming session, the scenario elaboration phase. the

scenario selection phase, and the classification of scenarios. In
addition to recording a unique scenario identifier for each
scenarios, information about the type of conversation block was
recorded from the following list.
"* Stated.This was used when an issue was stated or restated.
"* Mod~fld. This was used when the description of a scenario

was deliberately modified.

"* Combined. This was intended for use during the scenario
elaboration phase.

"* Voted on. This was used during the scenario voting phase.
Extra information recorded included the number of votes
given to each scenario.

"* Direct or Indirect. Scenarios were classified as either direct or
indirect. (See Section 2.1 for more detail.)

Issue Information about issues was recorded during the description of
Information the candidate architecture, during the evaluations of scenarios

and during the review of issues. In addition to recorded a unique
issue identifier, information about the type of conversation block
was recorded from the following list.
"* Stated. This was used when an issue was stated or restated.

"* Modifid. This was used when an issue was deliberately
modified.

"* Agreed. This was used when all the participants stated that
they agreed with the description of an issue.

"* Resolved. This was used when all the participants stated that
they agreed with the action needed to address the issue, and
with the person responsible for ensuring that the issue was
addressed.

"* Combined. This was intended to capture when two or more
issues had the same resolution and were therefore combined.

"* Priority. This was intended for use when the issues were
reviewed. However, priorities were not assigned to issues
during this stage.

The research observers recorded information about the facilitator's activities and
indicators of negotiation stumbling blocks (Table 26) to assess impact of the facilitator
on the review process.
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Table 27: Information about the facilitator recorded by the research observers.

Information Recording mechanism

Indicators of Selected from the following list:
Negotiation . Off Topic. Discussions that were not relevant to the current
Stumbling topic, or more generally not relevant to the review.
Blocks B Topic Change. Used when a change in the topic occurred, such

as changing form discussion of one scenario to another.

* Interruption. Used when one person interrupted another
person's presentation or discussion. There had to be a definite
interruption, not just a change in the person speaking.

• Disagreement. Used when one person stated that they
disagreed with a statement, or contradicted a recent
statement.

Facilitator The facilitator's activities were selected from the following list:

"* Prompts for input from a person

"* Suggests alternatives

"• Encourages topic change

"* Stops domination by one person

"* Stops people from socialising

"• Encourages more discussion
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