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Abstract. We observed in our company that there is too little communication between development
groups and external stakeholders. Large organizational distances can explain some of these problems.
Insufficient communication can lead to validation problems, if requirements are developed on the
wrong basis. For development groups it can be hard to see real customer needs. Will the
operator/customer be satisfied? How will the whole system function as a product?

A3 reports emerged as a problem-solving tool from Toyota’s lean development. Toyota’s success
with this method led to the method spreading to other domains. This study applied the method of
using A3 sheets, with modeling and text, for early validation and communication purposes.

This study’s goal was to create tool for early validation and communication, for system design. The
study shows that by using A3 reports for early validation designers may improve communication,
build a common understanding, and contribute to the early validation for a system or a system
function. This research focuses on a top-level system function, developed in a large multidisciplinary
project. The function interfaced many systems and required extensive communication. By using A3
reports knowledge was collected, systemized, analyzed, shared, and incrementally improved,
Participants in the study concluded that this visualization technique was supporting early validation.

Introduction

Project and company context

Kongsberg Maritime (KM) delivers systems for dynamic positioning and navigation, marine
automation, cargo management and level sensors, maritime training simulators and position reference
systems. This study has its origin from the offshore marine segment, delivering systems for a variety
of ships from drill ships, Floating Production, Storage and Offloading ships (FPSO), cable-laying,
and crane vessels to mega yachts and cruise ships, among others. Research and Development is
important for KM, to maintain and improve a leading position in markets like dynamic positioning.
KM’s slogan is “Maximizing performance by providing the full picture”. This means that KM strives
to deliver integrated systems covering many segments on a ship or vessel. (Kongsberg.com)

The project examined is aiming at centric operator interaction system where functions for
Automation, Dynamic Positioning (DP), and Navigation are combined in the same operator interface.
The purpose is to increase operation awareness and ensure safe and efficient operation in a multi role
environment.



One of the new concepts in this system is to introduce modes. In this research, we studied the vessel
mode function. The vessel mode function is one of the main functions in the new concept; the concept
is new for KM as a Vessel Operation Function. When navigating a vessel, operators encounter
situations with different needs, like generator and engine setup, screen setup, and active systems.
Vessel mode is a common system function combining and interfacing Dynamic Positioning,
Navigation and Automation systems on vessels. The functions purpose is to facilitate an effective and
safe voyage, through guiding and automating many steps. The function is used during the voyage of
the vessel, and is based on a selection of changeable modes. The modes depend on location and
operation, like docking mode, transit mode, and operation mode. There will be a number of modes,
and the modes make the system dynamic. As an example, while going to transit mode from operation
mode, the vessel can change to a more cost efficient setup of the power plant, screen views related to
navigation replace operational views, and checklists for operation process may appear automatically.
The vessel mode function will make it possible to easily start sequences, administrate electronic
checklists, change screen views, among other features. The amount of systems interfaced by this
function, and new system architecture introduces challenges for KM.

Problem and Approach

A problem in today’s competitive development environment is the pace. Everything has to go fast,
development cycles are accelerated and budgets are reduced. The author has repeatedly experienced
that important steps in early product developments stages are skipped, due to short deadlines. Often
developers jump to solutions, and start designing systems and functions before completing the
necessary pre-work.

“Systems engineering is a multidisciplinary approach to transform a set of stakeholder needs into a
balanced system solution that meets those needs™ (Friedenthal, 2008). When the inputs of external
stakeholders including the needs are ignored, validation issues may occur. The vessel mode function
is far from a common-off-the-shelf functionality, and customers have special needs based on their
operations and vessel types. In such a development process all stakeholders, internal and external
should be involved throughout the process. An important principle of systems engineering is to iterate
actively with stakeholders, especially in the critical design requirements phase, building the
functional fundament.

The goal of engineering is to develop and modify systems that satisfy user needs, on schedule and
within budget. (Fairley, 1994) Fairley states that accurate communication of operational requirements
from those who needs the system and its tasks, towards those who build the system to perform the
given tasks, is the most important step in the system development process. Too often systems that do
not meet the market’s need are developed, and produced. The reason for this in many cases is that we
do not listen to customers, and other important stakeholders, before it is too late.

The current product development process at KM is based on concurrent engineering in
multidisciplinary teams, quite similar to Integrated Product and Process Teams. However, some
organizational boundaries between external stakeholders and developers exist; these boundaries are
not entirely resolved by cooperation in multidisciplinary teams.



Stakeholder
Requirement Definition

TN g™ [

‘ Verification ‘

Validation

Requirement Analysis

\ -/

Integration

Architectural Design

Figure 1 - The V-model with an arrow illustrating how we at an early stage can perform early
validation

Early validation is a check whether the system under development is the right system or function, if
it fulfills the customer needs. “The purpose of the Validation Process is to provide objective evidence
that the services provided by a system when in use comply with stakeholders’ requirements, achieving
its intended use in its operational environment.” (ISO/IEC 15288- systems engineering — system
lifecycle processes) KM is working according to this standard and the project follows the VV-model
of development, see Figure 1. By performing the early validation with the A3 reports we can “jump”
from the requirement analysis and perform an early validation. We depict the system based on what
we have, and compare this to the “real world”, the external stakeholders viewpoint.

A3 reports originate from Toyota and LEAN development (Kennedy 2010, Sobek 2008). A3 reports
are named after the standard paper size of 297 * 420mm (the American equivalent is 11 * 177). The
paper size limits the amount of information, forcing the authors to select the essence. Borches (2010)
applied A3s to capture and communicate architecture overviews. He provides a cookbook to create
A3s. We have used the cookbook from Borches as starting point when creatings A3s for early
validation.

The early validation A3 report (from now on called A3 report) is the approach created to cope with
the problem. We created customized A3 reports for early validation and communication in a real life
development project. We used A3 reports as a systems engineering tool for presenting a proposed
solution through models and text. This process of early validation helped building a fundament for
the Vessel Mode function.

Borches promotes the uses of models and visualization on A3s to facilitate communication with a
wide variety of heterogeneous stakeholders. Models are in this context simple visual models that are
not highly formalized. Typical models contain boxes and arrows, and may be supported by pictures,
graphs, CAD drawings, or any other practical visualization.

The research method applied is action research. The researchers designed and used A3 reports
iteratively with stakeholders, in a reflective process. The feedback has mainly been gathered in two
ways; first face-to-face interviews and secondly, through a survey. We performed the survey after
creating and using A3s. In the survey, 10 stakeholders involved in the A3 process answered a
questionnaire.

Success criteria for the A3 report in this study are that applying the method is found valuable as an
early validation tool and that the method contributes to top-level mapping. The method should be



suitable for all types of stakeholders, and through the iterative process of communication gather, and
distribute information through common understanding.

There are many different stakeholders in this project, as the product involves many systems, and KM
will sell to customers with a variety of vessels with different needs. This study focuses on
communication with stakeholders. Multidisciplinary teams are essential elements in systems
engineering (Friedenthal, 2008). It is important to address the diverse stakeholder perspectives and
the different technical domains. We distinguished the stakeholders in two groups, the internal
stakeholders, and the external stakeholders. The internal stakeholders are project management, the
project engineers, system engineers, interaction designers, and lead engineers. The most essential
internal stakeholders for this study are the lead engineers who have the responsibility to develop the
requirements of vessel mode. The external stakeholders are all relevant stakeholders outside of the
project, such as customers, vessel operators, KM sales and marketing, and KM training (experienced
operators).
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Figure 2 - Model showing relations between the bridge, the new system, stakeholders and A3

We used A3 reports as a link between the internal stakeholders, and a bridge between the internal,
and the external stakeholders. Figure 2 shows the relation between the vessel bridge, the new system,
the stakeholders, and the A3 reports.

Scope In the study we have focused on Vessel Mode and its stakeholders. The validation question we
looked at is “Do we specify a vessel mode function that fit in the needs of the stakeholders”. The idea
is that designers can do such validation for every individual function. However, we do realize that
validation of all individual functions does not yet validate the system as a whole; this requires a
system validation that might be using A3s in similar ways. In the limited scope of validating a single
function, it is easier to discuss and solve conflicting needs.

A3 Reports and Modeling
A3 Reports

A3, paper in the size 297x420 mm, is the basis of several A3 engineering methods. A3 reports are the
centerpiece of a system used by Toyota to implement PDCA (Plan-Do-Check-Act). By A3 PDCA
Toyota is documenting the facts from this cycle on A3. Toyota has developed several types of the A3



reports, for different means. Toyotas lean manufacturing and development methods are well
documented and proven to work. “Few companies in the world excel at continuous improvement on
a corporate-wide basis like Toyota Motor Cooperation.” (Sobek 11, 2004) While product
development is a unique environment, the work performed across projects is similar and can benefit
from some of the same optimization tools and methods applied to manufacturing. (Morgan, 2011)

A3 reports are used to document and communicate in lean manufacturing. A3 reports are concise and
digestible, the limited size forces authors to select, process, and present the information carefully.
The mixture of text and models, from multiple related views, gives the reader a strong message.
Instant recognition of the visualizations quickly engages the stakeholders (Morgan, 2011). Daniel
Borches, in his paper A3 architecture overviews, a tool for effective communication in product
evolution (Borches, 2010) uses the A3 in a different way than Toyota. Borches’ focus is on coping
with today’s world of evolving systems by introducing an A3 architecture overview. The order of
reading of original A3 reports is from the top to bottom on the left-hand side, then top to bottom on
the right-hand side. An important part of the A3 report is the title, or theme, addressing which problem
has to be solved or which focus the A3 report has. (Sobek 11, 2004)

A3 users state that there seems to be a structured way of thinking behind using an A3 that is far more
important than the method itself (Lean.org), and that graphics and visuals are preferred over text
(Jusko, 2008). However, the information, through text and quantifications makes the A3 substantial.
It is claimed (Shook, 2008) that A3 reports make lack of agreement/alignment visible, and that the
A3 reports creates a common process to agree, or fail to agree. In this study, we see that early
validation A3 reports seem to have many of the same advantages as earlier studies and literature
describe.

Early Validation and Modeling

(Muller, 2004) describes a framework of architecting partitioned into five views, the “CAFCR”
model, this approach is strongly related to story-telling. Muller’s customer-world focused views,
relate the why, what and how through CAFCR. The justification and the needs are expressed in the
customer objectives view, the applications view, and the operational view. Muller describes how “the
customer objectives view (what does the customer want to achieve) and the application view (how
does the customer realize his goal) capture the needs of the customer. In the A3 reports, we implement
a high-level systems engineering focus as needed for early validation. One of the strengths of an A3
report is that multiple architectural views fit on one page, leading the user to see relations between
the views, and focus on the most relevant view (Muller, 2004).

The use of multiple views at multiple levels is widely recognized, for instance as shown by (Zachman
2008), DoDAF (DoDAF 2007) and MoDAF (MoDAF). These frameworks define tens of views.
Typically, the information is stored in large documents or in databases. A3s are an alternate way to
disclose, share, and communicate this information. The size of A3s forces the author to limit the
information to the most relevant views for the purpose. However, the size of A3s allows multiple
related views to be present concurrently.

In this study, we present an interrelated blend of views in the early validation A3 reports with views
strongly related to a user-story or Concept of Operations (CONOPS) (Richard 1994). User stories are
written from user perspective using terms from the operational context. Stories are less analytical than
use cases. The context-rich stories are input to the definition of use cases. Lead designers must
consider the human element, a typical example of the context in stories, early in the system
development. This is one the key concepts of HSI (Human Systems Intergration) (AFHSI 2012).

Using easy understandable models for communication is an important feature of the A3 reports.
“Making and using virtual and physical models helps to validate assumptions, to calibrate the
understanding, and identify uncertainties and unknowns.” (Muller, 2010) The title of this presentation



“Save Money by Investing In Models; Failing Early is More affordable Than Failing Late” sums up
one of the main principles of applying early validation A3 sheets. Early investments in test equipment,
prototyping, and virtual models (like 3D-models and mock-ups) and simulations (Andersson 2012)
can cut major long-term costs. Systems Engineering in general promotes operational modeling and
catching the customer objectives as important steps for systems development. “Modeling out
knowledge of interactions possible between the system and the operator is a key issue in systems
engineering” (Alarcén, 2007).

According to ISO/IEC/IEEE 42010 architecture descriptions consists of models to capture
information per view. The standard does not prescribe any modeling formalism, or the degree of
formality or details of models. The models used on A3s are typically visual models, where the level
of detail and the degree of formality depends on the audience and purpose. The models can be derived
from well-known diagrams, such as activity or sequence diagrams. Any adaptation of the formalism
IS to decrease the threshold for a variety of stakeholders.

Research Methodology

The researchers chose action research as approach. In action research, the researchers participate
actively in the normal project, while at the same time they observe and study the project and the
impact of the chosen method. The researchers’ main challenge is to alternate emergence in the project
with objective observation and reflection.

Feedback collected through A3 reports can be very different and divergent, as the stakeholders have
very different backgrounds and contexts. In the early validation of A3 reports, this was handled by
leading the stakeholder to focus on his or her area, or point of interest. All suggestions and
requirements were gathered and an evaluation of the stakeholders’ background, in regard to the
specific requirements significance was performed. The feedback received in the process is the key
aspect of the method’s success.

We created a survey to collect data about the A3 perception by stakeholders. Most questions use a 5-
point Likert scale from “strongly disagree” to “strongly agree” for the answers. Although the answers
are qualitative, it forces respondents to rank their answers on a scale. Such scale facilitates comparison
and analysis. If there are many respondents, then the results could be processed statistically. The scale
of this study is too small to do meaningful statistical analysis. Main purpose of the survey is to start
the process of data collection and to get a better understanding of perceptions and motives.

Using the A3 Report for Early Validation and Communication

Introduction to Early Validation A3 Reports. To create a realistic validation of the vessel mode
function an overall user-story was modeled. Through the A3 reports, we depicted the operation and
functionality of the vessel mode function. We based the first version reports on a Platform Supply
Vessel (PSV) story, going from Aberdeen to Bergen performing a container loading operation.
Initially three A3 reports were created with the internal stakeholders as version 1 (V1). These three
A3 reports were developed at different levels of abstraction, to gain a deep understanding of how the
function should work, and how it works today. “The business objectives of the company are the main
inputs for architecting”. (Muller, 2004) Therefore when creating the A3 reports we involved sales
and marketing (including business development). An important factor in A3 reports is that the reports
depict how the system currently works. In-depth and detailed understanding of the operation is
therefore important to capture. For the early validation A3 reports information and feedback was
collected through experienced system users, and by direct observation participating in a voyage. After
presenting the V1 report and capturing validation feedback Version 2 (V2) A3 reports were made.

The top-level A3 report is called level 0 (LO), this report focuses on depicting the full story. More
narrow scoped A3 reports, communication plan level 1 (L1), and screenshots level 2 (L2), derived



from LO dive into the operational details, depict the system in more details. From analyzing function
usage/operation at different levels, we may validate if the proposed design and requirements are on
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Figure 3 - This figure illustrates the flow of the early validation process with A3 reports.

The early validation A3 reports created in this study consists of many of the traditional principles
mentioned about A3 reports used in other contexts. However, the setup of models and textual fields
in the early validation A3 reports are designed for communicating a system or functional concept.
Figure 3 illustrates the three levels of A3 reports in V1 and V2. The role of an early validation A3
report can be compared to a ConOps (Richard 1994). The A3 reports evolved during development,
and when comparing the V1 and V2 it can be seen that the V1 is a more conceptual version. We made
discoveries during validation that led to many changes in the early validation A3 reports during the
study. For further use, we suggest V2 as a template.

Performing Early Validation using A3 Reports. Figure 3 shows the flow of the early validation
process. We built V1 A3 reports with internal stakeholders. We started out studying the material in
the project regarding the vessel mode function, e.g. requirements, models, software screen pictures
architecture, and the story. From this input, we created V1 A3 reports, as a basis of communication
with the internal stakeholders. Experiences from the study indicated that interacting with the internal
stakeholders for building the reports should be initiated early. We performed several meetings with
each stakeholder involved, and after every meeting the A3 reports were updated when new
information was provided. This continued until the internal stakeholders agreed on the models and
text, then the reports were frozen and approved. The internal stakeholders strongly contributed to the
design of the A3 reports.

Table 1 shows the basic containment for each A3 report created in this study. Researchers ensured
concordance among the different diagrams and levels of diagrams by reconstructing how the function
was defined through the whole process. The researchers verified concordance among the variety of
stakeholders by validating and updating higher level reports from lower level, and the other way
around.



Table 1 - Brief overview of the A3 reports created in this study

A3 Report (Versions) Report Characteristics
LO - Top-level Story (V1,V2) | The LO report is the highest-level report. This
See Figure 4 introduces the stakeholders of the operation, and

communicates the context of the function or system.
Top-level mapping through text.

L1 - Scope, Communication | The L1 model presents a view on a part of the operation.
Plan (V1, V2) It communicates locations, active stakeholders, and
See Figures 5 and 6 context in the system. On page two, the activity diagram
describes the operational process in details.

L2 - Scope, Screenshots (V1, | The L2 model contains the same scope as the L1, but
V2) focuses on what the user will see on the screens, and
See Figure 7 how this relates to the operational flow.

The second step was to introduce A3 reports (V1) created internally, to the external stakeholders.
Primarily we arranged a trip on a real Platform Supply Vessel called Viking Energy, operating in the
Northern Sea. The capture of the real-life operation showed important findings that we depicted in
V2 A3 reports. Now we could compare the real-life story with our depicted story. After creating both
V1 and V2 A3 reports, we introduced the reports to other external stakeholders; KM sales &
marketing, and experienced operators working at KM. These interviews were mostly performed using
V2 A3 reports, but also both V1 and V2, to illustrate the differences.

During interviews, A3 reports was in most caseshanded out as prints, but also shown in a PPT
presentation. For most interviews, we had only one stakeholder involved, face-to-face. When
presenting the A3 report to a stakeholder we always started introducing the top-level (LO) A3 report.
By performing one-on-one interviews, we captured information from the stakeholder unaffected by
others. This was the most commonly used method of gathering feedback for the early validation
process.

All the Early Validation A3 reports have the same “top bar” setup. The top bar contains information
about the A3. It displays the A3 report in context to other A3 reports, function goal, model goal,
considerations, abbreviations, and a title box showing general information. Next we discuss more
details and aspects of the different A3 reports created in the study, mostly by showing figures. For
full-version A3 reports see the electronic presentation given at KSEE 2011 (http:/ksee.no/wp-
content/uploads/2011/09/KSEE-2011-Kristian-Frovold-v3.pdf)

The tool used for creating and editing the A3 reports was Microsoft Visio.

The top-level A3 report The operation overview illustrates the whole operation with figures, flow
and distances. Numbers are related to actions flow and modes. Linked to the operation overview there
is a flow diagram. Color codes are used to communicate the links in a simple way for the stakeholder.
V1 A3 reports contains the real-life operation (story from Viking Energy), and other after-validation
findings. High-level focus is further implemented through textual fields. Need statement, vessel mode
function (overview), concerns/feedback, revised key drivers, market, and validation result.
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Figure 4 - Picture Left: A3 report LO Version 1, Picture Right: A3 report LO Version 2

Level 1 A3 report V1 and V2 This A3 report dives deeper into the operation and the scope is a
transition between a mode called Transit Mode and a mode called Operation Mode. Right shows the
model called Communication plan, the communication plan shows the actors in the operation, their
location, and the flow of information.

This A3 uses a representative story to explain the operational concepts. The coverage of operational
concepts is not complete, but sufficient for the first validation. We expect that some more use cases
(e.g. worst cases or more exceptional cases) have to be exercised through in a similar manner to get
a better coverage of the validation.
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Figure 5 - Picture Left: A3 Report L1 Version 1, Picture Right: A3 report L1 Version 2



The level 1 A3 V2 has a second page which illustrates the operation in details, through an activity
diagram. See Figure 6. Numbers of steps in the real-life story was fewer than the depicted system
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Figure 6 - Picture Left: A3 Report (side two) L1 Version 1, Picture Right: A3 report (side two) L1
Version 2

Level 2 A3 report V1This A3 has the same scope as the L1, but focuses on what the user will see on
the screens, the user experience. this A3 shows screenshots related to the vessel mode function,
captured from conceptual software under development.
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Figure 7 - Picture Left: A3 Report L2 Version 1, Picture Right: A3 report L2 Version 2

A few examples of this feedback related to type of stakeholder will are:

1 KM Technical Advisors basic ideas of the new function, iteratively contributed to the
creation of the detailed activity diagrams.

1 Vessel Crew (Operators)A3s provided specific technical feedback on today’s solution
and the new proposed function, important information on how they work, and how
they would like to work. For example, the way they work on a vessel today, the
electronic checklists will not be efficient. Another example are requirements like
“There should be an option to easily standardize an operator station screen/view from
a personalized view” that were suggested based on observations from the A3 report.

1 Training/Exp. Operator—working with the top-level A3, he wanted an overview of the
involved abilities/processes of the vessel mode function, input on the proposed
solution in regards of different vessel where the person had experience, a field with
containing this was added in next version (Vessel Mode Function - overview).

1 Sales Manager States that there is a risk of infrastructure problems regarding the
electronic checklists, adds information to Market section, corrects Key Drivers,
suggests requirements.



Evaluation

We measured the effects and result of the A3 reports in multiple ways. We evaluate mostly based
on observations, and the survey. The persons questioned are project managers (3) , lead engineers (2),
project engineers (2), and external stakeholders (3). This accounts for 80% of the population involved
in the study. The study evaluation focuses on observations and measurements of using the A3 method
as an early validation tool, and how it contributed to increased communication. As shown in Figure
8 (question 4) most stakeholders agree on that knowledge about the vessel mode function and why it
exists is too low. The A3 effort may have triggered this insight, but project management also stated
this before the A3 effort. The study lasted over a period of four months, the A3 report early validation
process two months.

A3 Reports became a tool for top-level mapping. “The systems engineering process includes
activities to establish top-level goals that a system must support, specify system requirements,
synthesize alternative designs, evaluate the alternatives, allocate the requirements into components,
integrate the components into the system, and verify that the system requirements are satisfied".
(Friedenthal, 2008) High-level systems engineering focus, needs, goals, key drivers, and market is
critical factors in a development project. KM project documentation did not clearly articulate this
before. The textual parts of the A3 reports became the most important tool for establishing this, and
we mainly built it through interviews with external stakeholders. We first established this customer
perception in V1, with internal stakeholder information. Sales and marketing have a high-level-, and
customer focus, and helped verify and refine the top-level statements. To display the link between
how, why, and what showed to be an important role of the A3 report. We validated one top-level
function, through one user story. This story could also be used for other functions. To avoid sub-
optimization of requirements a selection of typical user stories should be captured and all top-level
functions may be mapped through A3 reports. A reason for selecting the specific function for this
paper was that the organization felt that it was not as clearly defined, as the other functions.

The main goal of the early validation was to ensure that the system or service we are developing
accomplish the services operators need. The survey, see Figure 8 (question 5) shows that the
stakeholders agree, and strongly agree that A3 reports can support the stakeholders to ensure this.
When going through the A3 report with the project management, they stated the need of the top-level
views. “This is something that we all have been thinking at some point, but it’s never been written .
The final top-level textual parts we refined with sales and management and project management
approved them. The A3 report became the document describing this. An important feedback
illustrated in Figure 8 (question 1) shows that all the stakeholders agree on that A3 reports can help
them with verification and validation in future projects. This shows that there is motivation in the
organization to implement and use this method.

! Persons from category involved in the survey



1. A3 reports can help you with verification and validation '
inyoure future projects | |
2. The creation of 43 reports with internal stakeholders
give us a clearer picture of what we shall make | |
3 The A3 reports provided yvou with a good overview for
the Vessel Mode function | |
4. Developers and stakehaolders have enough knowledge -
about the vessel mode function and why it excists | |
5 A3 reports can support you to ensure Wessel Mode is
developed to accomplishthe services operators need |

==

0% 20% 40% 60% 80% 100%

Bstrongly disagree mdisagree - agres Bstrongly agree ®don't know

Figure 8 - Survey showing stakeholders feedback on A3 reports effect on validation, and top-level
mapping

When working with A3 reports we work with a variety of stakeholders, with completely different
backgrounds and fields of interest. Some stakeholders are focused on the detailed activity diagrams,
while others are focused on the top-level flow, or business objectives. External stakeholders mostly
liked to work with the operational flow model, and flow diagram, they lost interest in the lower-level
models fast. One of the lead engineers focused most of his time on the detailed activity diagram, and
we spent several sessions to iteratively build this. Experienced service engineers were also brought
in to help building the activity diagram. Large amounts of information are gathered by creating an
activity diagram. Building this diagram helps creating models on higher levels, but input from the
higher-level models can also be decomposed into the activity diagram. For the external stakeholders
in general, the activity diagram seemed to be an overflow of information. The external stakeholders
mainly focused on the flow overview, and flow diagram screen pictures on A3 L2 version 1. An
important feature of the A3 report we observed was that the different stakeholders, without any
problems could work with the same tool.

As shown in Figure 8(2), all of the stakeholders in the study either agree, or strongly agree that the
creation of the function provide a clearer picture of what to make. This is what we observed. The
lead engineer stated that the resulting A3 reports, and collected requirements was used for
requirement development. During interviews, we collected a large amount of requirements, and
concerns, resulting in an internal written report. The resulting A3 reports provided the stakeholders a
good overview for the vessel mode function, this agrees, or strongly agree all the questioned
stakeholders, see Figure 8(3)

A3 reports compared to other means of communication, this was investigated in the study. Some
of KM development group use tools like DOORS for development. The use of A3 reports in this
paper aims at an earlier stage, when these tools are seen as too complex and time consuming for many
stakeholders. Microsoft PowerPoint is a comparable and commonly used mean of communication
and information sharing. In a typical PowerPoint presentation, the information is spread over
numerous slides, and the advantage of both feedback and presentation from the A3 report is not
present. From the survey shown in Figure 9, we see that all the stakeholders thinks it is easier to
understand the information presented on A3 reports compared to PowerPoint presentations. 25%
strongly agree, 75% agree on this statement. The stakeholders were also asked if it is easier to propose
corrections and provide feedback on A3 reports compared to PowerPoint presentations. As shown in
Figure 9(7) 50% of the stakeholders strongly agree on this, 40% agree, and only one disagree. We
stated in the survey that for communication, the A3 reports is a better way to communicate than lots
of info spread across several pages. 90% of the stakeholders strongly agree on this statement, 10%
agree. This shows us that these stakeholders prefer A3 reports for communication, rather than regular
A4 documents, and PowerPoint presentations.



6. Itis easier to understand the information on A3
Reports compared to PowerPoint presentations

7. Itis easier to propose corrections and provide
feedback on A3 reports compared to PowerPoint
presentations

8. For communication, do you think A3 reportsisa
betterway to communicate, rather than a lof of info
spread across several pages

0% 20% 40% 50% 30% 100%

mstrongly disagres disagres agree  ®strongly agres don't know

Figure 9 - Survey showing stakeholders feedback on A3 reports compared to other means of
communication

The effect of modeling and validation feedback through the A3 report is evaluated. We had several
important findings through the validation feedback. One of the most important findings in the early
validation process was done from observations on Viking Energy, the real-life operation. After being
a part of the real-life operation we created V2 A3 reports. The comparison with V1 A3 showed us
that the function we depicted would not meet the needs of this market segment, but actually work
against one of our needs.

9. You discover more aspects of the system by having it
presented in A3 reports

10. It is easy to provide feedback related to the
informationin A3 reports

11. Do you see advantages with model based
communication compared to text based communication?

12. A3 reports can communicate important information
about the systemto developers

0% 20% 40% 60% 80% 100%

mstrongly disagree mdisagree ©agree ®mstrongly agree ®don't know

Figure 10 - Survey results, showing stakeholders opinions on A3 reports regarding feedback,
discovering new aspects, and communication

Requirements gathered through the interviewing process backed up this finding. This gave the project
a new view of the market situation; maybe the aim was wrong. The survey Figure 10 shows us that
most the A3 reports revealed new aspects of the vessel mode function. An outcome of the A3 report
process is that new stakeholders have appeared on the radar; the project management was very
interested in this finding. The new stakeholders were included in the project.

Providing feedback is essential for good communication. Figure 10 shows that the stakeholders
found it easy to provide feedback related to the A3 method. Our observations show that the specter
of interrelated models seems to become great means for communication. "An understandable model
should include multiple levels of abstraction that represent different levels of detail but relate to one
another” (Friedenthal, 2008). This showed to be the one the main advantages of using A3 reports.
We were able to collect multiple levels of models on one page. Stakeholders were able to see relations,
and focus on their own area of interest. The operational flow model helped stakeholders to see a real
operational situation, and to get in context immediately. The survey also shows that all the
stakeholders see advantages with model-based communication compared to text based
communication. 90% strongly agree in this statement, see Figure 10. The models were
understandable, and quickly engaged the stakeholders. That A3 reports can communicate important
information about the system to stakeholders is a finding from the survey. Stakeholders mostly



agreed, or strongly agreed on this. From Figure 11 we can see that 60% of the stakeholders unsolicited
drew on the A3 reports. This quickly provided the first-in-mind feedback from the stakeholder.

13. Do you think you want to use A3 reports
inthe future
Hyes

14. Did you draw on the A3 report(s) —

0% 20% 40% 50% 80% 100%

Figure 11 — Yes and No questions from the survey

We can read from the survey, see Figure 11, that all the stakeholders in the survey think they want to
use A3 reports in the future. For further development projects, we suggest that an A3 is created in
the beginning of the projects, with the steering committee (including the project owner) as a
springboard for the development. This can be somewhat similar to the LO A3 report, but focus on the
system, top-level. Project managers stated; “Using A3s towards customers very early in the making
of a product/system would be great to have as a standard procedure. This could lead to important
discussions”.

When interviewing a sales manager he stated the importance of projects communication towards
customers (external stakeholders) at an early stage. This is a problem today, since project managers
may want to skip this incredibly important step, to save time and money short-term. The link towards
the external stakeholders, are often more or less broken after the conceptual phase of development
projects. Sales and marketing states that involving experienced users in such processes creates an
ownership that can contribute to increased sales. This link is far from exploited enough. During
meetings, projects managers embraced, and got engaged in the A3 report. They stated that such
approach was wanted in the organization, that the A3 report fills a gap when it comes to early
validation.

There are challenges with the A3 reports. One possible challenge is that the A3 reports only covers
parts of the story, and scenarios. For covering all scenarios the amount of A3 reports may become too
large. In this study, we only covered one story out of many. However, covering only parts of the story
might be sufficient when interviewing stakeholders from all domains. The stakeholders provide their
feedback in relation to their domain. Covering critical scenarios can reveal weaknesses in the
proposed design and requirements of the function or system.

Reflection

The research methodology applied in this study, mainly through continuous interaction, is mostly
qualitative, with a quantitative dimension from the surveys. The surveyed population is
representative, as it includes a diverse specter of the stakeholders. The observations and face-to-face
interviews gave an in-depth understanding of the stakeholders experience with the A3 report. We
focused on one-on-one interviews with stakeholders. We discovered that when having interviews
with three or more people we got off track easily, discussions around technical-, or organizational
issues appeared. Meetings with more than one stakeholder can also be beneficial, with cross
fertilization, and creation of shared insight. The survey leads to general conclusions, but cannot verify
the success of the method through quantifications, as the population is small. The baseline to measure
the result of the effort is absent, but study feedback leads us to think that the implementation of the
A3 reports in this case was successful. To further validate and explore the early validation A3 method,
the pool of A3 reports needs to be greater, and larger groups of people involved. The A3 method as a
systems engineering tool should also be compared to similar work. There are many ways to perform



early validation of systems, but the simplicity of an A3 report seems to be appreciated by the persons
in this study. This paper presents a tool with models and a text field, these fields are flexible, and
depends strongly on the system or function the tool is applied on.

Conclusion

The method presented in this paper shows how A3 reports can be used for early validation purposes.
These A3 reports can also contribute to increased communication within development projects, by
introducing a common channel of communication. An advantage of this method is the low effort of
training, and the cost of time and energy for implementations is low.

A focus of this paper was to introduce this method to depict a function for early validation purposes,
but the method seems to be agile. The A3 reports provided a tool for developing the function through
a common understanding, also leading to new requirements and top-level mapping. The sharing of
information through the A3 report can increase understanding for developers. Sharing customer
objectives increase awareness and motivation. Findings through the early validation A3 reports may
give the stakeholders new insight, and validates proposed solutions at an early stage.

The study created a basis for the early validation A3 report, and the response gathered tells us that
this method, and reports created in the study will be used in the future. The tool bridges development
engineers, sales and marketing, and experienced system operators. This important communication is
advantageous in a development projects early phases. Tighter cooperation with external stakeholders
through A3 reports may be a long-term investment.

Future Research

The involved stakeholders had many ideas on implementingA3 reports in their domain. Managers see
potential for A3 reports in our company. The latest version A3 reports have been used as a basis for
future reports and research.

KM needs a plan for presenting and processing feedback. A method for receiving feedback may be
hanging the A3 reports on the wall, and let the stakeholders provide feedback through post-it notes.
When gathering different stakeholder groups this may lead to a high degree of cross-fertilization.
Conflicts appear when gathering concerns and requests from multiple stakeholders. KM needs to
evolve methods for coping with these situations in the A3 process. Managing conflicting
requirements, where negotiations and system tradeoffs are required, should be a subject for further
investigation.

Another application of A3 reports that we want to investigate is in training/information sharing using
the A3 reports with a mix of related models, pictures and text boxes to effectively describe a the
subject. We also want to further investigate and study how we can more systematically gather, and
distribute requirements through A3 reports. KM needs support for this communication; applying A3
reports in a very early stage discussing solutions with customers might be a possible solution. We
might need to adapt the A3 reports for this purpose.
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