INTERNATIONAL DESIGN CONFERENCE - DESIGN 2020
https://doi.org/10.1017/dsd.2020.9

A SCRUM AGILE INTEGRATED DEVELOPMENT FRAMEWORK

H. Thiele "9, S. Weber?, J. Reichwein 3, J. A. Bartolo“, Y. Tchana’, L. Jimenez®
and J. C. Borg*
' Paderborn University, Germany, 2Bundeswehr University Munich, Germany, > Technische Universitét

Darmstadt, Germany, * University of Malta, Malta, > University of Technology of Troyes, France, ¢ Université de
Technologie de Belfort-Montbéliard, France

B henrik.thiele@hni.upb.de

Abstract

With design methodologies, as Integrated Product Development, industry is continuously looking to
improve their product development processes. Staying ahead concurrence forces them to deliver
new and more complex products in shorter time. When it comes to fast delivery and requirement
changes, product development can be inspired by agile methods. Although the application is
difficult, the idea to implement these methods for development of products other than software
comes out. To ease its implementation, this paper proposes to use IPD as a framework for agile
product development.

Keywords: integrated product development, agility, agile-stage-gate hybrid, design methods,
design education

1. Introduction

In recent years, the product development process has been influenced by diverse drivers. Examples of
these are the need for reduced development cycle-time, the market uncertainties (Cooper, 2019) and
variations in requirements. Increasing complexity and shorter time-to-market heavily influence the
New Product Development (NPD) of mechanical and mechatronic products (Pahl et al., 2007). To
meet these challenges, a need exists to develop methods for industrial practices to respond to these
challenges (GréRler et al., 2018).

Different and well established industry based methodologies in NPD have proven useful (Albers et al.,
2016), but most are not focused on the generation of artefacts as a development of a minimum viable
product. Agile product development methods like scrum, with its roots in software engineering, focus
on this aspect (Beck, 2001) and therefore seem complimentary for an industry which faces
increasingly shorter time-to-market cycles. The agile mind-set has also been transferred to other
aspects of NPD (GraBler et al., 2017). Even though agile methods face problems for implementation in
industry, the need to adopt agile methods in the development of physical products is becoming
prevalent (Schmidt et al., 2019). There has been some attention to hybrid methodologies, combining
agile methods with conventional approaches in industry as well as in research (Ahmed-Kristensen and
Faria, 2018; Conforto and Amaral, 2016; Cooper, 2016).

To cater for this need and to facilitate the implementation of agile product development, this paper
presents the background and concept for a hybrid framework for mechatronic hardware
development. It combines the advantages of Scrum (Rubin, 2012) as the agile segment to the known
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aspects of traditional methods from the Integrated Product Development (IPD) approach proposed
by Olsson (Olsson, 1985). The industry need for a framework as the one presented in this article has
been established by a market survey conducted with development engineers from large companies
and original equipment manufacturers (OEMs) for mechatronic products. Finally, the framework
was applied to the proposed hypothetical development task for the production of a lower limb
prosthesis, which was carried out in the context of the IPD summer school conducted in two
segments in 2019.

2. The Scrum agile integrated development model (Scrum AID)

This section introduces agile product development together with different traditional methods for
product development. The determined research gap will be highlighted, and the proposed framework
of this paper developed and delimited against the current best practice.

2.1. State of the art

As a variety of different NPD methods exist, a broad overview considering different methods and
specific facets is undertaken to enable the reader to better follow the delineation of the research gap
and the proposed operational framework.

2.1.1. Agile product development

Agile development stems from the field of software development (Beck, 2001). As of late, it gained
increasing importance not only in software but also in the hardware producing industry. Reasons for
this trend are the high expectations regarding the benefits of working agile (Schmidt et al., 2019).
Unlike traditional development approaches like VDI 2206, VDI 2221 or Stage-Gate, agile
development is able “to react, and adopt to expected and unexpected changes within a dynamic
environment constantly and quickly; and to use those changes (if possible) as an advantage.”
(Bohmer et al., 2015). These changes originate from the uncertainty resulting from a lack of complete
knowledge and can be attributed as a negative risk inducing factor or a positive and one that creates
opportunities (Atzberger et al., 2019).

Agile development handles this VUCA environment with its incremental and iterative nature. VUCA
stands for volatility, uncertainty, complexity, and ambiguity of the environment. In order to cope with
this harsh environment several frameworks for agile software development, such as Scrum, Extreme
Programming or Kanban, have been developed. Implementing these frameworks in hardware
development is limited by the so-called constraints of physicality (Montero et al., 2019; Schmidt et al.,
2017). These constraints would be defined for example with the time to market for physical products
being usually, significantly higher than that for software. Dealing with those restrictions is necessary
to adapt existing frameworks or even to create new ones based on the original Manifesto for Agile
Software Development by Beck et al. (Atzberger and Paetzold, 2019).

A framework, whose internal structure can be modified is the Scrum framework (Rubin, 2012). A
schematic is depicted in Figure 1. There are different roles in the Scrum framework such as the
Product Owner, the Scrum Master and the Scrum or Development Team. The Product Owner is
responsible for the overall success of the desired product and defines the requirements. These will be
documented in the Product Backlog. On the other hand, the Development Team as an interdisciplinary
team has to accomplish the specifications of the Product Owner. As a third role there is the Scrum
Master, who oversees the process, acting as a coach on the team and whose main responsibility is to
ensure the correct implementation of the Scrum methodology. The Scrum Master is not involved in
the actual product development. The key element of Scrum are the Sprints, time slices of work of
fixed duration, in which a potentially shippable outcome should be delivered (Rubin, 2012). This
outcome is considered as one product increment. Sprints are first planned and work packages
determined (selected from the Sprint Backlog), reviewed to assess the increment attained and whether
or not a new iteration is needed. Finally, it is reflected upon in order to successfully start the next
sprint. During sprints, daily meetings are held to track the development status for the specified
requirements.
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Figure 1. Scrum framework adapted from Scrum.org (2016)

Other alternative approaches are Agile-Stage-Gate Hybrids. Frameworks based on this idea see the
agile component as a project planning methodology inside a Stage-Gate process (Cooper, 2016).
According to Cooper, agile frameworks such as Scrum are then used by the development team, which
is still coordinated with phases of the Stage-Gate process. Agile-Stage-Gate Hybrids are designed to
incorporate beneficial features of agile and traditional frameworks, but as currently end up with too
much bureaucracy (Sommer et al., 2015).

2.1.2. Product development and approaches

Emanating from different communities, various design models and methods are available to product
development engineers, to help reduce design iterations, improve integration between different
development teams, reduce time to market and improve the overall structure of the development
process. The subsequent models have been chosen based on a study by Albers (2016).

V-Model (VDI 2206)

The V-Model, also known as “Verification and Validation model”, links validation and verification
phases to each development stage. The first V-Model was adopted from software to mechatronic
engineering. In the V-Model, systems to be designed are divided in three levels: system design, sub-
system design and part design. At each design stage, validation, verification and integration procedures
are concurrently defining the system, subsystem, or part, to ensure that all requirements (user, technical,
functional) are adhered to. This reduces the resulting iterations during product development and supports
the solution of interdisciplinary tasks by the integration of all domains. (DI, 2004)

VDI 2221

The VDI 2221 is a guideline for the development of technical systems using a systemic approach. In
the VDI 2221, a design problem is defined, together with each process step in solving the design
problem. Each working step is linked to a relative work package and its validation process. If the task
is completed and validated, the procedure can continue to the next work task, otherwise new iterations
have to be undertaken. In this model, seven fundamental working steps are defined: from the problem
definition, to the design of the entire product through the research of technical solutions. (VDI, 1993)

Integrated Product Engineering Model (iPeM)

iPeM is a generic model that describes product engineering from three different perspectives: a system
of objectives describing all explicit targets of a product; a system of objects corresponding and
completing the system of objectives and their targets; an operation system that is a socio-technical
system including methods, process and resources in order to transform systems of objects into a final
product (Albers et al., 2016). In the iPeM, activities are divided into macro and micro activities, where
micro activities describe iterative technical problem solving whereas macro activities work at the level
of system engineering (Albers, 2010).

Integrated Product Development

Integrated product development has been introduced in 1981 by Olsson (Olsson, 1985). IPD was a
major paradigm change in new Product Development and during the last decades, the advantages of
IPD have been discussed. (Ottosson, 2004; Vajna, 2014)
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In IPD’s models, different sets of activities from different departments of a company are parallelized
in order to enable interdisciplinary work from the beginning of the project (Vajna, 2014), as show in
Fig 2. Four sets of activities are considered in the Olsson model: marketing, design, manufacturing
and project administration and management. Further models have been developed. Andreasen and
Hein (1987) proposed the same model without project management activities. Meerkamm’s approach
focuses on time, cost and quality improvement through organization, technique, methodology and
human capital analysis (Ehrlenspiel and Meerkamm, 2013). Vajna (2014) proposed a human centred
process model combining Olsson and Meerkamm approaches, integrating product lifecycle
management, sustainable and economic product development.

Phase 1: Phase 2: Phase 3: Phase 4: Phase5:
Prototype Product Pre-Product ~ Production Product
Principle preperation Release

Needs & Market Market Market Market
Demands analysis Evaluation Preperation Introduction
Alternatives B Principle Outline Manufacturability§  Final Design
Production ' Configuration of Design of .
Evaluat )
Business Feasibility .
Fixing SoP Release Check §Check of Results

Integration Integration Integration Integration Integration
Figure 2. IPD model by Olsson (1985)

Demand Situation

2.2. Research gap

As shown in the previous section, various approaches to product development exist and are well
established in different areas. The implementation of a specific model depends on different aspects,
wherein one aspect is to follow an overall trend. A current trend is to implement agile methods
such as scrum for the development of physical products. Advantages of agile methods include the
fast delivery of artefacts and the possibility to react to requirement changes. The potential is
opposed by difficulties in the implementation of agile methods. The implementation phase itself is
met with problems as the group work and structure differs from known employed methods.
(Atzberger et al., 2019)

Hybrid Stage-Gate models provide a mix of both sides as they implement an agile mind-set within
a milestone oriented Stage-Gate approach. This provides a more familiar environment to the
development engineer however a clear structure for implementation in hardware development is
not available. Moreover, the advantages of state of the art development methods for mechatronic
systems, such as concurrent engineering teamwork specifications are neglected. A practical
problem of hybrid approaches is the structured cooperation between the different participating
disciplines to avoid unnecessary iterations (Luedeke et al., 2018). This aspect will be addressed
through a clear division of roles in the proposed framework.

The research question proposed by the authors of this paper considers: How agile product
development can be supported by established engineering design frameworks?

The presented research follows the Research Type 3 of the Design Research Methodology
(Blessing and Chakrabarti, 2009). For a Descriptive Study I, a literature review was done, to
evaluate different methods on the development of mechatronic systems. Based on the evaluation,
the IPD Model by Olsson, was selected and altered to serve as a basic framework. Within the agile
methods, scrum was selected, and an agile framework for the development of mechatronic systems
is proposed (cf. 2.4). Lastly, through the implementation of the framework within a case study (c.f.
3) and a survey among industrial practitioners (cf. 2.3), an initial Descriptive Study Il was
performed.
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2.3. The need for the presented framework

An industry wide survey was conducted to support the need for a hybrid framework as the one
presented in this paper. The survey was sent to engineers in the development department of large
companies and original equipment manufacturers. The number of participants was limited to nine.
Some of the companies are leading in the automotive sector and develop hardware or combined soft-
and hardware products. Almost 80% of the engineers surveyed have already worked agile with Scrum
as a framework. The second most mentioned framework was Kanban. All participants, who previously
worked agile, had trouble implementing it in their companies. Common challenges in the implementation
were conflicts in the hierarchy of the companies and conflicts with non-agile structures. Figure 3 depicts,
that all those questioned in the survey had heard about Scrum and Kanban, only 56% showed an
awareness for Stage-Gate processes and even less had heard about the IPD model by Olsson (22%)
and the one by Andreasen and Hein (33%).

Stage-Gate [ 55.56°%
soum R T
Kanben P R DO

IPD-Model by Olsson (1985) 22,22%
IPD-Model by Andreasen and Hein 33,33%

0,0 0,2 04 0,6 0,8 1,0

Percentage of mentioning
Figure 3. Awareness of the various product development frameworks as derived in the survey

The mean value of a six-point Likert-Scale on participants’ opinions on several statements on Scrum
and Stage-Gate is shown in Figure 4. It appears that Stage-Gate is much easier to understand by
management and team members than Scrum. In addition, it is also clear, that it is hard to react to
changes during development with a Stage-Gate process. Opposed to that, agile frameworks like Scrum
are commonly known for their possibility to quickly react on changes and using them as a benefit, if
possible. This shows that a combination of Stage-Gate with Scrum is promising.

Scrum Statements

Management does not understand the Scrum framework. [ 4,222

Team members do not understand the Scrum framework. 3,444
Poor knowledge management persists between teams. [ 3,556
Scrum is not suitable for physical products. 3,111
1 2 3 4 5 6
do not agree fully agree

Stage-Gate Statements
Management does not understand the Stage-Gate framework. 1,600

Team members do not understand the Stage-Gate framework. 2,400

Poor knowledge management persists between teams. [N 4,000
It is hard to react on changes during development. [NNNEGEGEGNGNNNNE 4,600
1 2 3 4 5 6
do not agree fully agree
Figure 4. Arithmetic mean values of the survey on framework statements

The questionnaire also showed that the physical constraints in the development of mechatronic

products do not affect the product development as much as expected. In addition to the statements of

the current problems Scrum and Stage-Gate are facing, the survey asked about pertinent aspects in

product development. The most highly rated aspect is the need for daily or weekly meetings with a
mean value of 5.3 out of 6, as shown in Figure 5. The other two aspects are the necessity of a clear
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structure regarding the teams in a company and the possibility to create prototypes fast. Both are rated
in average with 3.8 out of 6.

Important aspects

Clear structure regarding teams. [ 3,889
Daily or Weekly meetings of interdisciplinary teams. || NN 5 333
Fast creation of prototypes. [ 3,889
1 2 3 4 5 6

do not agree fully agree

Figure 5. Important aspects during product development according to survey

The results of the survey show, that current agile frameworks do not fulfil the needs of industrial
practitioners. Therefore, a need for a new framework can be assumed. In addition, aspects as the clear
structure of teams or the ease to understand a framework have been requested by engineers. The
framework described in this article aims to combine all beneficial aspects of both sides. Moreover, the
assumption taken during the development of the proposed framework, are taken up well by the
industrial practitioners and show that the overall direction to be correct.

In order to check the scientific validity and appropriateness, the framework was presented to and
reviewed by four professors from universities around Europe, who have deep knowledge in technical
product development. The presentation was held at the International Summer School on Integrated
Product Development (IPDISS) 2019 and the overall scientific validity and appropriateness was
subsequently assessed and reviewed. Minor changes as of the visual representation were implemented
and are part of the proposed framework. Furthermore, the framework was applied in a case study to
get a further indication of its validity (c.f. 3).

2.4. Development of the Scrum AID framework

All the established approaches to product development presented in the state of the art have a
different focus and therefore strengths and weaknesses in different fields of application. Table 1
shows an overview of the most used methods for product development and compares them with one
another. The results originate partly from the literature (c.f. 2.1) and partly from the survey
conducted (c.f. 2.3).

Table 1. Delimitation matrix of established approaches to product development

VDI 2221 |iPeM | Stage-Gate |VDI 2206 |IPD |Scrum |Scrum AID
Easy to understand/ implement + 0 ++ 0 + 0 +
Change of requirements possible - - = = 0 ++ 1+
Known in industry ++ 0 + ++ + + /
Collaborative team structure 0 + 0 ++ ++ +4+ ++
Clear structure ++ + ++ + ++ - +

It can be seen that the methods commonly used in mechanical engineering have similar weaknesses,
whereas the scrum has a different focus. This paper therefore presents a hybrid framework consisting
of agile approaches originating from software development and Integrated Product Development,
which is often used in mechanical engineering. This so-called Scrum Agile Integrated Development
framework (Scrum AID) strives for combining the strengths of both to overcome the above-mentioned
deficiencies (c.f. Table 1).

The IPD approach suggests a holistic view, which organizes product development by simultaneous
working teams that have different specializations. This kind of organization is well known in product
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development and will be adopted for the Scrum AID approach. Hence, the five phases of the Olsson
model Prototype, Product principle, Pre-Product, Production preparation, and Product release are
taken as the superordinate structure. This helps to clearly define the intended outcomes of each sprint.
As indicated in section 2.1 there are several models for IPD. The Scrum AID relies on the model from
Olsson because of the visibly separated stages of the product development process and the separation
into four teams with different roles. During the single sprints in the agile scrum procedure, there are
two necessary roles: The Scrum team, which is working on the product itself and the Scrum Master
who is supporting the Scrum team regarding the scrum procedure.

In contrast there are four different roles in IPD model of Olsson (administration, marketing, design,
and manufacturing). The latter three, marketing, design and manufacturing fit well into the agile
approach. They are considered together as the Scrum Team and work in parallel on the product, each
in their area of expertise, but dependent on the results of the other teams. Consequently, there must be
an exchange of knowledge and results, which is organized through daily meetings that are obligatory
in the agile Scrum framework. In contrast to these three roles the project administration and
management as referred to in the Olsson IPD model acts as the Scrum Master, which supports the
other teams with organizational and methodical support during the execution of the sprints.

The Scrum Master is also advising the product development team in all aspects considering the Scrum
procedure and is preparing, organizing and leading the daily meetings. Certainly, the work of one team
is dependent on the work of other teams. For example, the manufacturing team can only prepare tools
for manufacturing if the development team delivers a geometry for the component. Therefore, a
crucial task of the Scrum Master is to mediate between the other teams and to organize the exchange
of results.

A critical aspect in the agile approach especially for hardware development is the division of workload
into tasks manageable during the period of one sprint. To support this subdivision of the whole
product development process into sprints the stages of the IPD model are used as a guideline. Figure 6
shows the sprint n that corresponds to the n" stage in the IPD model. The Scrum AID guides the three
teams through the agile hardware development process and ensures that the teams are working at the
same level of product completion during one sprint. In addition, the three sub-teams are working in the
same phase of the product development process and consequently are able to attain all the necessary
information from the other sub-teams without waiting for them to catch up.

Planning IPD Phase 1...5 Review &
& Review Planning

Administration

Scrum Master

IN ouT
c
o
=
= Market
(7]
°p
=
m .
g Design
(m]
Manufacturing Team members
— Product

Increment
Figure 6. Scrum AID framework

During the sprint planning as in conventional Scrum approaches the division of the workload for the
different sprints is organized by the whole team with the support of the scrum master but is mapped
out against the five stages of the IPD model. The Scrum AID suggests one sprint for each of the five
stages in the different domains, which can of course be adapted to the complexity of the product to be
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developed. After each sprint, there is a sprint review and the team decides if they have effectively
finished the current stage making all specified deliverables available and conclusively assess if they
may proceed to the next sprint working and initiate work on the next stage.

3. Case study

In addition to the survey among industrial practitioners, the developed approach was implemented in a
test group as a case study approach to deliver a first hint of evaluation as part of the Descriptive Study |.
The developed approach was implemented in a development project during the International Summer
School on Integrated Product Development (IPDISS) 2019. The team consisted of seven members from
three different countries who were working remotely from seven different locations over the course of
sixteen weeks with the aim to develop a medical device in the field of mobility. The members all have a
background in mechanical engineering, working in industry and academia for at least a year.

Each team modelled on Olsson’s composition (i.e. market, development and manufacturing), consisted
of two members each with administration taking the role of the scrum master. Due to restrictions with
regards to timing, the daily stand-up was converted to a weekly stand-up via web meetings. A sprint
was timed to four weeks each resulting in the completion of four phases at the end of the project.

The market research carried out by the team was spurred on by World Health Organization estimation
that about 30 million people require prosthetic limbs, braces or mobility devices, but only 20% have
access. Therefore, a prosthetic was chosen as the product to develop. The requirements in the third
world also pose a difficulty for the availability of skilled professionals to fit the prosthetic. The team
developed a volume generation software that could work on the reinterpretation of 2D imagery taken
of limb stumps which would be translated into 3D printed silicon artefact, improving the modelling
and fitting of the prosthetic limb. This item was identified as the most critical component for
prosthetic limb fitting, as a bad fit will result in an unpleasant and painful wear experience. Limb
sockets are custom made for the client to ensure best fit and wear ability.

The development therefore relied strongly on the inter team exchange during the weekly stand-up.
Especially the pricing and cost calculation was identified as the biggest challenge. The projected
development costs of around €200K with an annual €100K in development and maintenance costs
could be returned through a licensing subscription based on a take up a minimal of 100 industrial
application users. Through an iterative manner, the costs per unit were brought down to 25% percent
of the original pricing. The feedback on manufacturability and pricing by manufacturing and
marketing respectively, were used as an input for design changes for the development team and the
feedback proved to be crucial for the development of the final product.

Overall, the presented product concept was perceived well by the professors, guiding the Summer
School. This initially provides a degree of proof the IPD framework to be chosen right as a framework
for the hybrid stage-gate process. Additionally, using the targets of each phase within the Olsson
model as milestones, was evaluated as useful by the group. The milestones gave a clear structure as of
which task has to be fulfilled until the next sprint. This supported the fast generation of a prototype
and artefacts during the development of the product.

This further supports the choice for the Olsson IPD model. The case study yielded preliminary proof
for the correct chosen framework. In particular, the team structure proofed to be beneficial for the
process as well as in the attainment of milestones, providing a familiar environment for the team
members. As the case study is delimited to a certain degree, additional studies have to be performed.

4. Conclusion and future work

Current best practice highlights different New Product Development methods. On one hand design
models are used to structure the product development process. The method implementation can be
improved upon when used in the development of complex products. Difficulties faced when applying
design models and methods are due to the dynamic environment in which complex products are
developed. On the other hand, agile methods employed in software development facilitate the solving
of issues linked to changes. Hence the necessity to develop new agile methods for development of
products other than software.
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In this paper, the authors outline a new framework for the development of hardware products with an
agile method, using Integrated Product Development as framework. These were selected with the aim
of overcoming the disadvantages of both approaches. The disadvantages were identified from the
presented survey, which was conducted among participants working with the respective approaches.
Subsequently the proposed framework was actively evaluated in a case study and backed by an
industry wide survey among practitioners. Both parts of the evaluation show good preliminary results,
but further researches are needed to prove the applicability in industry as part of future work. Future
research may include a larger sample for the survey and a case study in a company. Moreover,
consideration of other models, as for example Andreasen and Hein are worth considering.
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