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Abstract. This paper presents a case study investigating the use of A3 Architectural Overviews (A3AQs)
in lean product development teams. A3AOs is a tool used in product development and lean
manufacturing to increase communication and knowledge sharing across the organization. We studied
the implementation in an engineering department of a global oil and gas supplier, by performing a case
study and extensive depth interviews. We also studied earlier implementation initiatives of A3s in a
thorough literature review. A finding was that, although current and former research have shown clear
benefits of utilizing this tool, the company rarely uses it today. We wanted to investigate challenges with
creating and implementing A3AO in the organization. Our results show that A3AOs may be a well-
suited tool to improve the requirements handover process within the company. We also make an outline
of challenges and benefits with using and implementing A3AOs in the researched engineering
department, with the goal to successfully implement A3AOs in the future.

Introduction

Domain. Most companies in the Oil and Gas industry are in constant change to stay competitive in the
market. Firms are reorganizing and restructuring to become more standardized and implement lean
thinking into the project execution. The reduced oil price over the last years puts a high pressure on the
companies. The Company is a leading global supplier of Subsea Production Systems(SPS)to the oil and
gas industry. SPSs are unmanned oil and gas productions systems installed on the sea bottom (Figure 1).

Figure 1: Hlustration of Subsea Production System
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The Company delivers complex SPS's to customers worldwide. The downturn in the oil industry squeeze
projects on lead time and cost. Projects are complex and divided into sub-systems, causing several
project teams working in parallel. This is creating critical interfaces that need extra attention and follow-
up actions. The importance of focusing on systems engineering (SE) in execution is essential in big
complex projects; to mitigate risk, cost overruns and schedule overruns (Haskins, C., ed. 2007). Lean is
perhaps the most important concept that has been introduced to increase efficiency in manufacturing in
modern times (Welo and Ringen, 2016). Further they state; "Many companies have therefore established
strategies for moving the lean concept beyond the factory floor and into Product Development".

Case. In this paper, we will present observations made in a case study at the Company. An initial survey
conducted in a product department highlighted the need for improved handover of requirements. We
asked designers and product developers about their level of satisfaction with the handover of the design
specification. The study showed that designers and product developers lack the understanding of the
product in a system context. Information about important interfacing systems and operational
requirements were missing. The product design specification defines the requirements for a product, and
creates the handover to the development team.

We wanted to meet the recognized handover concerns found in the initial study, and implement A3
architectural overviews (A3AO) in the department. In our case study, we wanted to investigate barriers
and thresholds in creating and using A3AOs. We tested the creation process and let the engineers in the
organization work with A3AOs.

The proposed solution. In our research, we implemented A3AQOs as a supplement to the product design
specification in the department. The A3AQOs should force easier knowledge sharing by being a
supplement on the table in technical discussions and engineering meetings. See the appendix at the last
page in this article, of an A3AQ created by the author. The end users of the product specification are the
designers. The initial study showed that they lacked critical input and that they were not satisfied with
the handover process today. The A3AOs should supplement the product specification by giving an
overview of the product in a system and project context. The A3AQ is a strong visual tool, and it is great
for communication of high-level requirements. It should also help the project engineers to gather system
knowledge in a structured way, by creating the A3AO. Creating A3 reports help the author to reflect
about the problem intended, and the author will gather and investigate what data to reflect in the A3.
(John Shook 2008) "Managing to Learn" presents the A3 vision from Toyota, where it was first invented.
The focus is just as much on the creation process and that the knowledge gathering happens in the
creation process, as the value, A3s give as a communication tool. A3-documenation contributes
positively to creating a shared understanding by improving the perceived learning and visualization
capabilities (Ulonska and Welo 2014)



Research question. In our study, we have observed the design process and creation of A3AO in the
Company. We wanted to research the handover process of requirements to the product developers, and
investigate barriers and thresholds in creating A3AO as the proposed solution. The main research
questions are:

Is there a need for better handover of requirements to key developers in a product department in the
Company? Can we use A3AOs to improve communication of requirements in the Company. What are
the main benefits and challenges with using and implementing A3AOs?

Paper Outline. This paper introduces domain, case, proposed solution, and research question in the
introduction. In Section "Design Process in the Company", we explain the design process in the
company. Next, in "Research Methodology", we outline the research methods and the initial study in the
research project. Then we present the proposed solution with a literature review of the A3AQOs and earlier
research of this in Section "A3AQ". In the Section, "Results"”, we present the results from our research
study and data from extensive depth interviews with key personnel. At the end follows discussion and
conclusion.

Design Process in the Company

Handover challenges. The Company has over the last years implemented a new way of working,
introducing Lean Product Development Teams (PDT). One product department drove the first pilot
project. Figure 2 shows the new execution model for the Lean PDT. The new structure differs from the
old by pulling the product team out of the projects, and putting them in a department. This made the
project customers of the product team. The product department became a supplier of components to the
different work packages in different projects. The thought behind this was that the product department
should deliver standardized components to the projects. The new structure was implemented to drive the
Company towards a more standard product based execution, rather than project based and customized
every time.

Preduct Team 1

Preduct Team 3

Figure 2: The product department in a project context (Process map)
*Work package (WP).

The Business Process Management System (BPMS) is in the Company described as the single process
management tool, and its intention is to map, store and link business processes. This tool is describing
the Vee model, "Validation & Verification model™ (Sols 2014). The Vee model is well used in large
complex projects, where requirements and interfaces will change moderately through the development
lifecycle. The model emphasizes requirements-driven design, testing and integration (Sols 2014).



The new execution model has clear connections to the waterfall model, which differs from the Vee
model. (Sols 2014) describes; "The waterfall model is a sequential design process in which progress is
seen as flowing steadily downwards (like a waterfall) through the phases of Requirements, Design,
Implementation (or Construction), Integration and Test, Deployment and Commissioning, and Use and
Maintenance". In the Company there are four phases in the engineering execution, and this again creates
four handovers of requirements down the chain. The sequences of stages and the "clean start philosophy™
require that there are no frequent changes in requirements. Each phase must be completed fully before
going further (Sols 2014). The waterfall model differs from the Vee model, where you will have no
ability to validate and verify successful integration before the release of design in the end. Large projects
in the Company often struggles with freezing the output on scheduled time. There can be a change, either
in the requirements or between the interfacing systems. Both of which can be critical, because system
integration is essential to end-product quality; "It is crucial to begin the system integration early enough
in the project life cycle to ensure good quality” (Muller 2014). The waterfall model is best suited in
projects in which the requirements are well known and frozen from the stakeholders, (Sols 2014).

The new execution model met challenges in form of communicating the needed system characteristics
to the product designers. The intention was to deliver standardized products from a product portfolio.
But, completely standardized products are rather infrequent in the subsea industry today, and therefore,
lean product execution is difficult with the new execution model.

The product specification. The product specification is a document that handovers the customer
requirements, through the 4 engineering phases and levels, down to the product designers. This means;
communication of the perceived project knowledge to the key developers. Typically, in the projects there
are experienced engineers, with high technical knowledge and good insight about project characteristics.
These engineers are placed at the top in the projects and maintains the systems level of the SPSs. They
are responsible of the customer requirements and releases the product specification to the next level. The
new structure implies complete handover of validated requirements and gathered knowledge in the
product specification, "The Waterfall model” (Sols 2014). This means that it is crucial that the handover
is within flawless quality, and able to transfer as much of the gathered knowledge at the top level down
to the "lowest level”. Knowledge transfer relies on the product specification and additional engineering
meetings (meetings, discussions, and emails). Insufficient product specifications cause the need for
additional engineering meetings. Engineering meetings are often valuable, but transferred knowledge in
these meeting is difficult to store and manage. The product specification is also text heavy and is in A4
format.

Lean Principles. The Company is a project oriented company, but strategic industry goals direct them
into becoming more product oriented and to support standardized product portfolios. Lean thinking plays
a significant role in this improvement.

(Welo and Ringen 2015) have created a framework for the use of Lean in Product Development (PD).
"The application of lean concept in New PD (NPD) is far from straightforward since the work product
in NPD is information, rather than a physical product to which value (and waste) can be assigned."”
Further, they explained the Lean Framework to consist of six components; customer value, knowledge
transfer, continuous improvement, standardization and stabilization and culture. The handover process
of the product specification goes directly under the "knowledge transfer" component of the six lean
components (Welo and Ringen 2015). (Saad et al. 2013) found in an industrial field study that the A3
thinking approach is sufficient for knowledge capture and knowledge transfer. They used A3 thinking
approach of problem solving to support the Lean Product and Process Development in a knowledge-
based environment.



Research Methodology

We used the research method industry-as-laboratory in this case study (Heemels and Muller 2007). The
means for measuring in the case study was surveys, open interviews and a log sheet used in a real case
study. Early, in the research project we conducted an initial study to map the need for change in the
design process. Based on the results we asked selected engineers to test a new working method in a real
case study and log in a log sheet. We also used depth interviews with several engineers with different
experiences and background.

(Muller 2013) described the challenges with researching systems engineering, including both "soft"
human factors and hard engineering. The measurements in this study included a large degree of "soft
factors". We needed to be aware of this when planning for the measurements, and when analyzing the
results. There was also a limited amount of test personnel available for the case study, which are common
in Systems Engineering research (Muller 2013, Martin and Davidz 2007).

Initial study. We set up a survey using interval questions and the Likert Scale. The Likert scale principle
is a survey where you ask participants a series of questions and assertions and they have five different
response alternatives ranging from 1 =strongly disagree to 5= strongly agree (Boone & Boone 2012).
We asked the designer engineers in the department to participate in the survey. All available designers
in the product department got the survey.

Real case logging. We chose the proposed solution based on the initial study, and wanted to meet the
recognized communication issues mentioned in section 1. We asked 4 engineers to participate in an
A3AOQ creation process. We wanted to log the frustration, needed effort and barriers with creating the
A3AOs. We also wanted to investigate challenges with integrating such tool in the organization. The
participants were engineers working in different projects in the Company and they used real cases from
the projects when creating the A3s. The data collection in the case was intended to measure peoples
attitude and perception of the A3 creation process and internal company processes. We chose the “case
study" as the main research method to collect data for the research question. (Martin and Davidz 2007)
described the use of research case studies in a systems engineering context. "The case study is useful
when the research objective is to study a phenomenon of interest that is only observable in a small
number of samples” (Martin and Davidz 2007).

We provided the participants with a template in the computer program Visio and a log sheet to fill out
during the creation. Earlier research performed by (@stheim and Gerrit 2016) and (Frgvold and Gerrit
2011) inspired the A3 template provided to the engineers in the study. The researcher gave the
participants a thorough explanation of the A3 concept and how they should use the template and
software. The participants started the tasks and logged in the log sheet before, during and after the
creation.

The intention of the measurements was to investigate what the needed effort to create an A3AO in a
typical work task is. Observables of interest are; time needed, tools needed, contacted personnel, sources
of frustration, successful attributes, and attitude from the participants (before, during and after
creation).

We wanted to observe the attitude by the participants before, during, and after the creation exercise. One
interesting theme was whether we could measure any change in attitude towards the A3 tool. The tool
was new and unknown, and we expected some critical attitude.

Depth interviews. The researcher conducted several depth interviews with key personnel, to investigate
further. "Interviewing is a powerful way to get information from other people”, (Muller 2013). The



interviews were free and unstructured and the researcher prepared threads and bullet points of interest to
lead the "free" conversation in the wanted direction. We conducted the interviews after the case study.
The analysis of the case study data lead to some themes of interest. Interviewing key personnel gave the
possibility to dig deeper in those areas and touch themes we were not able to in the real case logging.

Initial survey findings

The initial study (presented in Table 1) intended to map the need and satisfactions from the end
consumers of the product specification. The study indicated that there was a need for better handover of
the project requirements to the product designers and product engineers. The product specification which
is an A4 sized document report is the only document that specify the customer requirement of a needed
product, at this level.

We asked a selection of the designers and product engineers in the department to answer some questions
in a survey. Sixteen engineers with various experience answered the survey. We conducted the survey
to gather the attitude and level of satisfaction with the product specification in the department. The Likert
scale is common to use when measuring attitude and is an essential tool in psychology and in social
surveys (Boone and Boone 2012). To assess the results collected in the survey we used the Net Promoter
Score (NPS) (Keiningham, et al. 2008). This analysis method collects the promotors, the neutral and the
detractors of the statement. The promotors are those who totally agree with the statement. The ones that
mark for agree are passive and classified as "neutral” while those who are neutral, disagree or totally
disagree are the detractors. We analyzed a positive NPS score as a valid statement.

Table 1: Initial survey results

Initial study: Master Thesis Disagree| Neutral | Agree Strongly NPS
Agree

# Description
The specification is the only document to give project specific design

1 . 3 1 7 3 1
input.

2 The specifications are easy to read and | feel that | understand the 3 5 7 1
needed product that should be designed.

3 The specs are often consistent and have all the info and data that is 1 3 ’
needed to design and develop the detailed manufacturing drawings.
Additional design meetings (actual meetings, email and oral discussions)

4 ; ) ) 10 6 6
are often required between design reviews.
The new structure (Product teams and CIT) is challenging regarding

5 . - L 6 3 7 1
knowledge sharing of project characteristics.
Specs are good for communicating customer requirements and key

6 2 12 2 0
performance parameters.
The spec is often lacking important information of dynamic behavior and

! operational aspect requirements for the needed product. & e 1
Design review (DR), Product Team (PT), Customer Interface Team

Legend CIm).

Results from the survey show that the consumers of the product specification are unsatisfied. The NPS
for statement 2. is -7, which is a strong negative. This gives an indication of bad readability and that the
design problem is difficult to understand. There is also a strong negative NPS for statement nr.3 which
have a strong connection to statement 4. Additional design meetings are often required in the design
process. The design engineers need to understand and verify the content of the product specification.
There is a need for further clarification of the content after handover. This may be caused by
inconsistency, low readability, and that the structure includes a lot of handovers. This leads to increased
spending of resources and may impact the lead time of critical products. Additional meetings often
include several engineers to clarify and understand the lacking design specification. Example; if there



are a need for five engineers, with different knowledge in a one hour meeting. This will extend
engineering hours by five, and disrupt the lead time for other tasks.

There is a positive NPS in statement nr.5; The new structure with different product teams is challenging
regarding knowledge sharing of project characteristics. We see this statement as valid. There are some
concerns with the organization structure and the processes of how they work in the Company. Statement
6. has a passive NPS score, and the group is not promoting statement.

The results show that there is a need for improving the handover of requirements. This motivated the
researcher to use A3AQs to supplement the product specification and study the implementation of these
overviews in the department. In the main research case, we studied the implementation of A3AOs in the
department. In the proceeding sections, we make an outline of A3AOs theory and earlier research.

A3 architectural overviews (A3AQO)

The A3 tool, developed by Toyota, is simply a piece of paper with the standard European size 297x420
mm. (Borches 2010) described A3AQOs, and the intention is to capture design and system knowledge for
shared understanding and better decision making. "Managing to learn™ (Shook 2008) presents that
Toyota focus just as much on the process of creating the A3, as the value the A3 gives when it is finished
and can be used for communicating. The tool is not just about communicating, but also learning about
the chosen problem throughout the creation process of A3AOs. The A3AO is a tool designed for
effective communication of architectural knowledge (Borches 2010). It is sufficient in size for
communication purposes, big enough to include both visual and textual information. The paper sheet
may include different application views, showing several aspects of a system, and connecting these views
together. Including all information on just one sheet makes it easy for the reader to keep an overview of
all the information at once, while also being able to "zoom™ in on details on the sheet. While the A3-
format is larger than the traditional A4-format, it is sufficiently big to handle for engineers in work tasks.
The sheet will fit nice on an office desk, and it is easy to bring in to meetings and other office desks for
discussions.

Earlier A3 research. Earlier research investigating the use of the A3 architectural overviews in product
development, intended to improve the communication and system overview across the organization.
(Singh and Muller 2013) and (Frgvold and Muller 2011) successfully used A3 for cross boundary
communication and early validation.

(Polanscak and Muller 2011) presented that the A3 was a great tool in discussions, by helping the
discussions to stay focused, dynamic, and inclusive. A statement in their "further research™ (Polanscak
and Muller 2011) was; "Findings from our research and feedback from System Engineering Study Group
indicates that the Novelty of tool/method seems to be factor that may prevent people from using and
adapting A3s in their work™. This statement was in high interest for our research and helped us create
the research questions in this study.

(Ulonska and Welo 2014) researched the A3-reports as tools for supporting organizational learning and
knowledge reuse. They proved that A3-documentation contributes positively in creating a shared
understanding by improving the perceived learning and visualization capabilities (Ulonska and Welo
2014).

(Wiulsrgd and Muller 2011) used the A3AO approach developed by (Borches 2010). They used the
approach in reversed architecting to learn about a complex system. They learned that the A3AQ is more
usable than traditional documents.



Systems Engineering (SE) awareness is a relatively new direction within engineering execution in
Norway. Several Master's students that did systems engineering research in the Company, experimented
with the A3 approach. The A3 approach has mostly been communication of models and knowledge
management (KM) initiatives, to show different system models and overviews in engineering.

(Dstheim and Muller 2016, Bghn and Bechina 2015, Andersen and Bergsjo 2015 and Moen and Falk
2015) used the A3 sheets successfully to improve and increase cross boundary communication in the
organization. (dstheim and Muller 2016) got positive feedback from the study group on A3AOs as a
systems overview, easiness to locate information, readability, and the well presentation of knowledge.
(Behn and Bechina 2015) studied the use of A3 hybrid framework for knowledge sharing in an
engineering context. They successfully used the KM tool to support the selection of needed systems in
bigger systems. (Moen and Falk 2016) used the A3 approach together with model based systems
engineering to replace text heavy communication of requirements. (Andersen and Bergsjo 2015) used
an interactive dynamic A3AO to increase the R&D product system knowledge. This by making the
knowledge more available with the use of the A3 approach. They found in practical experiment, that it
can be presumed and expected that the users of the A3AOs save up to 95 % time on finding product and
project specific information.

Although several successful studies in using the A3 approach, the researcher recognized that the
Company rarely use the approach. We investigated in this research study, if we could use the A3AQOs to
handle the communication challenges in the Lean product development teams, in the Company. We
wanted to investigate the needed effort to create A3AOs and highlight benefits and challenges with
creating, using, and implementing them in engineering product development.

Results and analysis

Real case logging. In this section, we present the results from the case study. We asked 4 participants to
create A3AOs for real work tasks. Out of 4 engineers asked to participate, 3 answered back in the log
sheet and tested the creation process.

Before A3AO creation. 2 of the participants estimated they would use above 5 hours, and one
participant answered above 1,5 days, to create the A3AOs. Actual spent time by all 3 participants was
between 4 - 6 hours, which was less than estimated. All the participants created the A3AOs either in
parallel or before creating the product specification. We also set up a Likert scale survey in the log sheet.
Then we could measure the attitude towards the task of creating the A3AO. See Table 2 for results.



Table 2: Before creation of the A3AO

Before the A3 Creation : Stron,
: N/A - Disagree| Neutral | Agree oly NPS
Agree
# Description
| am overall positive to create this A3
1 1 1 1 0
| see the value in creating the A3
2 2 1 1
| have a good understanding of the "design problem™ that I want to reflect
3 N 1 1 1
in this A3
4 | am familiar with the project characteristics Q 5
5 | have a good system overview to support me when creating this A3 1 ’
6 1 think I will increase my knowledge about the "design problem” by 3 0
creating this A3 Architectural Overview
| think the designer/product engineer will have great value in the A3
7 . e 1 2 2
supplementing the specification.

The NPS score indicates the validity of the statement. We see that the participants are passive to the
creation of the A3s, but that they are positive and see the value in creating the A3s (#1 and #2). We also
recognize a negative score for the questions regarding knowledge of project characteristics and the
design problem which will be presented in their A3AOs (#3 and 4#). They are passive in their belief that
the creation of the A3SAO will help them increase the knowledge of the design problem (#6). But there
IS a possitive score that they belief designers, which are the consumers, will find great value in their
A3AOs (#7).

Logging frustration during creation. One interesting obsereable was to see what the participants
experienced as the most frustrating part in the creation process of the A3AOs. Most of the frustration
was connected to the computer tools and the time spent creating the A3AOs. Another source of
frustration was the lack of available personell and data at the time when creating the A3AOs. See Table
4 for results, the participants marked a coss each time they felt frustration.

Table 3. Logged frustration during the creation.

Sources of frustration Participant #1 | Participant #2 |Participant #3
Computer tools 3 2 1
Availability of data 2 1 1
Stuck 1
Non-available personell

Time consuming 3 3
Template 1

Lack of knowledge 1

We also had some open questions, where the participants were able to log possitive thoughts during the
creation. "The A3AO with informative figures and info is a suitable tool for discussion.” The participant
with this statement used the A3 in an iterative process and brought it to meetings and discussions before
it was completed. The A3 was the center of attention in the meeting and the sheets were pointed at and
notes where taken consecutively.

After A3AO creation. After the participants had created the A3AOs, they filled out one more survey.
We wanted to measure their attitude, when they knew the process. See Table 3 for the results.



Table 4: After creation of the A3AOs.

After A3 creation N/A - Disagree| Neutral [ Agree Strongly NPS
Agree
# Description
1 It was difficult to create and visualize what | had intended. 2 1
2 It was difficult to gather the models/drawings/figures that | used in the 1 1 1
Views.
3 | feel that my creativity is limited because of the tools that | use to 3
create the A3. Example: trouble expressing through drawing.
4 It was easy to create the A3AO. 1 ”
The creation of the A3AO helped me gather information and
5 knowledge about the problem in a structured way. 2 1 1
6 | see the value in creating A3AOs. 1 2 2
; Creating the A3AO helped me improve my system overview and 3 0
knowledge about the project.
8 | think the designer will find great value in my A3AO. 1 ? 2
0 I am overall positive to create A3AOs in the future. 2 \ !

None of the participants agrees that it is difficult creating and visualizing or gathering models, drawings,
and figures to include in the sheet (#1 and 2#). They also feel that the creation help them gather
knowledge about the problem in a structured way (#5). Results show that they are positive to create and
use the approach again, and that they think the consumers will benefit in their sheets (#6, #8 and #9).

We recognized one of the participant to be the more positive and self-involving in the case study, than
the two others. This participant also used the sheet further and found value in using it. The participant
used the sheet in a concept discussion meeting with the customer. The participant also sent the sheet as
info to the customers, as info about the product and progress. We present a depth interview conducted
with this participant later in the paper.

Summary of case study results. The log sheet results showed that the engineers were overall positive
to the concept of the A3AO and they found value in creating them, both for them self and for the
consumers. The research indicated that some of the engineers were more resistant to the task before start,
than after getting to know the process. They estimated that the task would take more time before, and
used less time than estimated creating the views. The participants increased knowledge of the chosen
problem and were positive to use the A3-apporach in the future. Most of the frustration in the creation
process was connected to the computer tool and the time spent creating the sheets.

Depth interviews. We conducted interviews with several key personnel; internal, external, in different
domains, in various positions and with different level of experience. All interviewed persons have some
knowledge about the A3 approach. We chose the personnel to be interviewed based on their experience
and domain, as well as their results from the case study. The researcher interviewed; earlier SE students,
participant from the real case logging and we interviewed one with a key role in the management of
another company in the area, which have used the A3 approach in the last decade. We also interviewed
a manager in a systems engineering department in the Company. This with interest in; what is the
awareness of the A3 tool by management in the company.

Earlier SE students. An interview with an earlier SE student that has worked on a project implementing
the A3 approach stated: "It is difficult to implement A3s in the organization. The A3 approach is more
common knowledge by typical SE students, but managers and elder employees does not know what the



A3 concept is. It can be difficult to amaze them with this kind of tool.” He also stated that the A4 reports
and typical PowerPoint presentations stands strong in the engineering environment, and that this is the
preferred way of documenting.

Another interview with an earlier SE Student working in another company in the area. "Creating A3s is
for those engineers who cares about other people!" With this statement, the earlier SE student meant
that A3s are a more preferred way of communicating information, than traditional text heavy A4 reports
with several pages. In a sender and receiver relationship, the sender has a responsibility of the
information quality. A3s are a better way of communicating and in that way a more "kind" way of
handing over information.

Case study participant. We set up a depth interview with one of the participants in the case study. This
participant tested the use of A3AOs in a real engineering task. We wanted to dig deeper in concerns and
thoughts around the creation process and implementation concerns.

Stated concerns: "l don't feel that | have the time to do additional work, I like the approach, but in our
organization, this may feel just like another document to complete!™ It was also mentioned that they need
designer resources that can help create visual 3D models in an effective way. It can be difficult to get
these resources on short notice. "The A3AOs working file should be an "alive" file so that it can be
revised actively throughout the design process. But the Visio file is not fully adaptive with the product
management lifecycle management (PLM) system as it is today, we need an appropriate solution for this
in the future. ™

"I liked Visio after some time. It was a good program to use, and easy to learn. But we needed to
download the software and get an approval to install it. Power point is also suitable for the task, and
this program is already integrated into the PLM system and the organization."

Manager interview. Findings from this interview clarify the awareness of A3-approach by the
management in the Company. The interviewed manager has some knowledge of the approach and knows
the basic concepts. There was no routine or trend of using the A3 approach at this level in the
management. "There was one attempt of using the A3-approach last year. We got a template with no
further explanation and we were asked to fill it out and create an A3 of some processes in the company.
Most of us felt unsure about the use of the A3-approach.”

Manager in another local company: This company have used the A3 approach for the last decade.
"One customer asked us to do all documentation in A3 format and skip the traditional A4 reports™ The
manager identified the importance of good mentoring when learning the A3 approach. "It is important
to ask the right questions. It is not the A3 format that is brilliant, but that the approach forces the user
through a process in use of Lean principles. The A3 approach is very appropriate to use for juniors
getting information from experienced seniors, where the senior takes the typical mentoring role."

Discussion

Design process in the Company. The company has moved from a customized business to become more
standardized and deliver products from a portfolio, this with a lean approach. In the review of the design
processes in the Company, we saw that the company struggles in using the waterfall model when
executing non-standardized products. The product designers were unsatisfied with the current handover
of the requirements, in this way, the knowledge transfer could be seen as insufficient. In lean principles,
knowledge transfer is one of the six components (Welo and Ringen 2016) and therefore an important
component to focus on, for successful implementation of lean in product development. We have



proposed A3AOs as a tool supporting good knowledge transfer in the lean environment. (Raudberget
and Bjursell 2014) focuses on the A3-report as a knowledge management tool to support good
knowledge transfer in Lean PD. A3AOs may be an appropriate lean tool to deal with the handover
problems in the researched engineering department in the Company.

Challenges using A3AOs. We recognized some challenges with implementing the tool in this big
Company. Depth interviews indicated that the management has a low awareness of the A3 approach.
The A4 report and PowerPoint presentations stand strong as the preferred way of sharing knowledge
today. Interviews with earlier SE-students showed that it is a mutual understanding that there is a low
awareness of the A3 approach outside the SE domain. The fact that the A3 approach is simple makes it
difficult for persons unknown to the tool to see its benefits.

The PLM system in the Company supports the execution processes of all engineering documents, and
we believe that also the A3AQOs need to be successfully integrated in the system. The PLM system does
not support the computer program Visio today. One of the participants stated the importance that the
A3AO was an alive "file" through the whole design phase, supporting continuous revising. The computer
program PowerPoint may be a better computer program to use, when arguing about the integration into
the PLM system. We propose to investigate this further.

The engineers creating the A3AOs stated that the creation felt as added work. Thus, they felt that they
use more time than just creating the product specification. To motivate them, it is important to focus on
the value this tool gives, by providing good knowledge transfer. By investing more time creating better
knowledge input for the product developers, they save time in the next step and are also more likely to
work on the correct input.

Neither of the three participants had ever used the computer tool Visio. They logged some frustration
connected to the computer tools used. PowerPoint is more commonly practiced in the company, and it
would probably have been the better choice to use this tool instead. Visio also needs additional approval
and licenses on the work computers.

Organization in change. Our study recognized that the participants got more positive to the A3
approach after they had spent some time getting to know it. This research took place in an organization
and environment in change. The researcher was aware of the symptoms of employees going through
change. Resistance is a natural part of the change process and is to be expected (Wayne and Hede 2001).
We must expect that there will be noise, and that employees will be resistant towards the "new" tool
because of all recent changes. In addition, this touches the "soft human factors" which are very hard to
measure and may impact the measurements (Muller 2013). Therefore, when we analyzed the results, we
were aware of some level of noise and bias.

Benefits using A3AOs. We have investigated earlier implementation initiatives of A3AQOs as a lean
knowledge sharing tool for cross boundary communication between development teams, during the last
seven years. And we have presented results from several successful studies on the use of A3AOs in
similar environments. The proposed solution is based on earlier work and we believe that the A3AOs
will improve the requirements handover in the researched department. We tested the creation process
and found benefits and challenges creating the A3AOs. The engineers did not think it was difficult to
create the A3s. They used less time than expected, the creation helped them gather knowledge about the
problem, they thought the consumers would find value in their A3s, and they were positive to creating
A3s in the future. In a depth interview, it was stated that the A3s are a better way of communicating and
in that way a more "kind" way of handing over information.



Method & Quality of research. The initial survey, as presented earlier in this paper, investigated the
satisfaction by the designers in the department. A high percentage of the designers answered the survey,
and we used the Likert scale and the NPS score to analyze the results. We believe that this survey gives
valid indications about the satisfaction of the product specification handover in the department.

The real case logging in the case study was based on the research case studies in a system engineering
context (Martin and Davidz 2007). We only had three participants available for the real case logging,
therefore we need to conclude upon the results with moderation. The results will still give us some
indication of benefits and challenges with creating and implementing A3AOs in engineering product
development.

The depth interviews gave interesting insight into the attitude from key personnel towards the A3
approach. We interviewed both internal (management and engineers) and external (management and
engineers). This made it possible to investigate the awareness of the tool at different levels in the
company, and in other industries.

Reflections. This research study started as an initiative by the researcher to improve the handover
process of requirements in an engineering department in the Company. We chose the A3 approach as
the proposed solution based on knowledge and experience from the SE domain. After initial research, it
was clear that several similar studies had been conducted both internal and external by other SE students
over the last seven years. Therefore, we chose to investigate new aspects with A3AOs. We wanted to
look at the creation process and see what was difficult and needs extra attention when implementing the
A3 approach. We also looked into the benefits of using and implementing A3AOs and will use these as
arguments to the management.

Conclusion

To conclude upon the results, there is a need for better handover of the requirements to key developers
in the researched department in the Company. The designers are unsatisfied with the handover process
of the specification as is today.

Results from the survey analysis, research review and depth interviews indicate that A3AO is a well-
suited tool to improve communication and collaboration within the Company.

We have seen benefits with using A3AOs. The results show that it is an easy and low effort tool with
potential value in engineering. The case participants were satisfied with the creation process of A3AO.
They thought the creation process helped gathering information and knowledge. They also thought the
A3AOs are valuable for the product developers.

Challenges with using A3AOs in engineering are; The tool is relatively new and unknown by the
industry. Furthermore, management have low awareness in the use of the A3 approach. Traditional A4
reports and PowerPoint presentations have strong roots as the preferred communication tool in the
industry today. Another challenge is that the PLM system does not support sufficient handling of the
A3AO working file as is today. We also found that the creation process of A3AOs also puts additional
work and needed time on already busy engineers. The other companies that have successfully
implemented A3AO uses software that is good for creating A3AOs and easy to integrate in the PLM
system.

Our results show that A3AOs are a useful tool supporting knowledge transfer in lean product
development. The challenges and benefits we have highlighted can be used to better understand aspects
about the A3 approach when implementing in new organizations. We conducted our research in the



subsea domain, but our findings are relevant in all industries working with product development,
especially those implementing lean thinking in their execution.

Appendix

The appendix shows an example of a A3AO created as an example and used in the research work to
instruct the case participants. The researcher used a real case when creating the A3AO example.
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