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ABSTRACT

Prototypes can be used to create value in all phases of the product development process. Prototyping
strategies that determine how prototypes are developed should therefore be considered for the
prototyping process as a whole. In this paper, we analyse how partitioning strategies were used by ten
novice design teams to navigate their prototyping processes during a three-week mechatronic
development project. Using the ‘ProtoMapping’ method, their prototyping strategies were visualized
and five different types of strategies identified. Four of the ten teams formally planned how to divide
their product into modules that could be prototyped in parallel or planned when to integrate prototypes
to test the full product. Still, the ProtoMaps showed that most of the teams used some partitioning
strategies during their project even when they did not formally decide to do so. Novice designers
should be supported in making such strategies for the prototyping process deliberately. Therefore,
prototyping tools should be expanded to support not only individual prototyping activities but also the
prototyping process.
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1 INTRODUCTION

It is widely agreed that prototyping is a crucial part of the product development process (Christie et
al., 2012; Menold et al., 2017). But is prototyping a single phase in the process or an activity that can
be used in many different phases? Both perspectives can be found in the existing literature. Some parts
of literature refer to the ‘prototyping phase’ as the time period where a model is fabricated to test a
design that has been specified in previous phases. For instance: “Scientists considers [sic] that the
innovation processes are conventionally divided into a number of progressive steps. An important
stage of a new product is the prototyping stage” (Negoescu, 2007), or “These acoustic properties are
only revealed in later product development phases (e. g. prototyping phase)” (Kistner et al., 2013). As
evident in the second quote, the prototyping phase is often situated late in the development process.
However, other parts of literature do not confine prototyping to one time of the product development
process. Rather, they argue that prototyping should be used throughout the process to test different
aspects of a product; both user desirability, technical feasibility, and market viability (Menold et al.,
2017). Following this view on the purpose of prototypes, the idea of a ‘prototyping phase’ becomes
restricting and limits the potential value that prototyping can have in product development.

Prototypes have been defined as embodiments of a solution or part of a solution that helps to learn,
communicate, or make decisions about a product (Lauff et al., 2018). Thus, a prototype can be both a
cardboard mock-up that explores the overall dimensions of a product, a computer simulation that
optimises material thickness, or a proof-of-concept prototype that does not look or work like the final
product but can test whether it solves a need. All of these prototypes could be relevant for the
development of the same product, but they will be relevant at different times in the development process.
This research investigates how strategies for the prototyping process can be used to decide which part of
a product should be tested at what points during the product development process. By analysing how ten
student design teams organised their prototyping process during a mechatronic product development
project, we identify five different strategies for navigating the prototyping process. We conclude that
novice designers should learn both how to structure the entire prototyping process as well as individual
prototyping activities. The identified navigation strategies can be used as guidance for future projects.

1.1 Navigating the prototyping process

In this paper, we consider prototyping as an activity that takes place throughout the development
process. We believe that there is a need to make a clearer distinction between individual prototyping
activities and the connected prototyping process. We define a prototyping activity as the development
of a prototype for a specific purpose. The prototyping activity can be divided into four steps: Frame
(defining a purpose), Build (making a prototype), Test (testing the prototype), and Act (identifying and
acting on insights from the prototype) (Hansen et al., 2020). There is a need to look at prototyping as a
process and an evolution rather than simply an outcome (Nelson et al., 2019). We define the
prototyping process as the use of multiple prototyping activities in the development process to develop
a prototyping milestone or the final product, see Figure 1.

Prototyping activity Prototyping process

1 FRAME

ot | e Lzoo | | »

3TEST
Figure 1. The prototyping process consists of multiple prototyping activities

Steinert and Leifer (2012) and Menold et al. (2017) each presented models for the prototyping process.
The Hunter-Gatherer Model shows how prototypes are used to explore a design direction towards ‘the
next big idea’, but that this direction can change as the understanding of the good idea increases
(Steinert and Leifer, 2012). The Hunter-Gatherer Model emphasises the unpredictable nature of new
product development, but it excludes important factors that influence the development process. In
larger companies, the design direction can be as much influenced by portfolio planning, launch
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timelines, validation processes, and availability of resources as by the idea itself. This dual influence
between prototypes that test ideas and the development process can be seen in the Prototype for X
(PfX) framework (Menold et al., 2017). This framework shows prototyping as an iterative activity that
takes place in all phases of the product development process, from Planning to Production. However,
it does not indicate what an actual prototyping process looks like in detail. The visualisation of
concrete prototyping processes shows that these are more complex, branched, and intertwined than it
appears from the PfX framework (Erichsen et al., 2020; Hansen and Ozkil, 2020).

The prototyping process is defined by the goals and restrictions coming from the overarching product
development process. However, the prototyping process also influences the overarching goal as each
prototype leads to a deeper understanding of the feasibility, desirability and viability of a product.
Navigating the prototyping process is the continuous consideration of the mutual influence between
prototypes and the product development process. We introduce a new model for the prototyping
process, which combines elements from the PfX framework and the Hunter-Gatherer Model to show
how the prototyping process is navigated by linking the overarching project goals and individual
prototyping activities, see Figure 2.

Macro
Development process

Meso
Prototyping process

1 FRAME

Micro

rototype 2 BUILD . ..
AALT | Provotypes Prototyping activity

3 TEST

Figure 2. The three abstraction levels of the prototyping process

The new model presents prototyping at three levels of abstraction. At the Macro level, prototyping is
related to the development project. Here, prototypes are often used as milestones to move towards the
final product, and the detailed prototype iterations are omitted. At the Meso level, we consider which
prototypes to make when, based on the goals and priorities of the project. At the Micro level, we observe
the individual steps of a prototyping activity. The objective at the Micro level is to make the simplest
possible prototype for a specific purpose. The Meso level connects the Micro and Macro level and shows
how prototyping activities are linked together in the prototyping process to develop the final product. In
this research, we analyse how students structure prototyping at a Meso level to reach their project goal.

1.2 Strategies and support for the prototyping process

A prototyping strategy defines how prototypes will be developed in a project (Christie et al., 2012).
Examples of factors to consider in a prototyping strategy are e.g. whether to use virtual or physical
prototypes, whether to scale the prototype, or whether to use similar or different materials as the final
design. However, the same strategy will rarely be used for the entire project, for instance only use virtual
prototypes and never any physical prototypes. When distinguishing between prototyping activity and
prototyping process, one also needs to consider whether a prototyping strategy is relevant for a single
prototyping activity or for a longer part of the process. There is a difference between asking: “should this
prototype be virtual or physical?” and “when should we use virtual vs. physical prototypes?". The second
question allows for changes in the strategy over time. Considering a partitioning strategy (Moe et al.,
2004) at an activity level leads to the question: “Should we prototype a sub-system or the entire
system?". At a process level we have to consider not only which part of the system to prototype when,
but also whether to test sub-systems in parallel, when to integrate subsystems, and how to ensure that
isolated systems can be integrated at a later stage. Thus, by only considering the prototyping strategy one
prototype at a time, there is a risk that the strategies do not match the changing priorities and goals of the
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project. In this paper we focus on the use of partitioning strategies in connection to the prototyping
process at the Meso level from Figure 2, i.e. the division and integration of sub-system prototypes.
Different types of design support has been developed to facilitate the use of prototyping strategies.
Dunlap et al. (2014) and Camburn et al. (2013) both presented methods to help designers develop a
prototyping strategy: one in the form of a heuristics-based questionnaire and the other by use of
flowcharts and equations for decision-making. The Prototyping Planner (Hansen et al., 2020) and the
Prototyping Canvas (Lauff et al., 2019) both present a 1-page template that helps users define a purpose
and plan the minimum prototype to fulfil it. Common for all these tools and methods is that they support
designers in planning and using prototyping strategies deliberately. However, they only include a single
or few prototypes at a time and do not support the navigation of the holistic prototyping process.

1.3 Research objective

In this research, we analyse how ten student teams used the prototyping support tool Prototyping
Planner during a three-week project to navigate the prototyping process and develop devices for food
production. Figure 3 shows how the Prototyping Planner supports each prototyping activity at a Micro
level and helps designers define a purpose for a prototype, make a build and test plan, and act on the
results (Hansen et al., 2020). For every Prototyping Planner, the designer should consider the context
of the prototyping activity and the product development process - however, this is not directly
supported by the tool. This paper analyses the parts of the prototyping process that were not supported
by the Prototyping Planner but left to the design teams themselves to organise.

PROTOTYPING PLANNER o . i Macro
Q FRAME &7 suio & Test o Development process

o e Meso
e s Prototyping process

Micro
Prototyping activity

- Prototyping Planner supports

Figure 3. The Prototyping Planner (left) and the part of the prototyping process that it
supports (right). Download the Prototyping Planner at www.prototypingplanner.com

We therefore asked the following research question: How did novice design teams structure their
individual prototyping activities to navigate the prototyping process? We focus specifically on the
strategic factor of isolating and integrating sub-systems, such as how a product was divided into
different sub-systems and when prototypes were used to integrate them. By analysing how the students
organised their Prototyping Planners, we aim to identify their process strategies and evaluate the need
to expand the Prototyping Planner so that it not only supports the individual prototyping activities, but
also the prototyping process.

2 METHODS

2.1 Data collection

Data was collected throughout a three-week mechatronic product development course at the Technical
University of Denmark. Ten student teams consisting of a total of 59 3" semester engineering design
students used the Prototyping Planner (V2) to plan and document their prototyping activities. The
Prototyping Planner was shared between team members through Google Docs, which enabled all team
members to see and work on the documents simultaneously. At the beginning of the course, the students
were given an introductory lecture on prototyping and the Prototyping Planner. The rest of the course
consisted primarily of developing and prototyping a device for food production, such as a tofu maker,
sourdough maker, or spice dispenser. There were no requirements as to how the participants should
organise their Prototyping Planners or how often they should use it. Each team also shared their project
and process through a weblog. This research is based on the analysis of the ten teams’ Prototyping
Planners, their weblogs, and their Google Drive folders.
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2.2 Visualising prototyping processes

To answer the research question, we analysed how each team organised their Prototyping Planners and
structured the prototyping process. This was done two times. In the first analysis, we identified formal
and conscious strategies for structuring the prototyping process. For instance, one team made two
Google Slides documents on their shared folder, thus indicating that they split their product into two
modules (an electronic module and a mechanical module), which they prototyped in parallel. In the
second analysis, we looked for structure in the prototyping process that was not formally planned by
the teams. Figure 4 shows how a stack of Prototyping Planners says little about the structure of the
prototyping process, while the organisation of such Prototyping Planners suddenly discloses much
about the strategies for the prototyping process. This research attempts to ‘connect the dots’ of the
Prototyping Planners.

3 week prototyping process

3 week prototyping process — |
T j —] 1 Final Final
Idea = _’jj E / -3 prototype Idea Electro. 4‘ H }—’ prototype
|
w =] [
Figure 4. Left: A stack of Prototyping Planners says little about the strategies of the

prototyping process. Right: Example of how the prototyping process could look if the product
was divided into three modules that are prototyped in parallel.

The ‘ProtoMapping’ method was used to visualize the prototyping processes (Hansen and Ozkil, 2020).
ProtoMapping is a visualisation method which can be used to illustrate strategies used in the prototyping
process based on its individual prototyping activities. In a ProtoMap, prototype iterations are placed
along the horizontal axis, constituting a timeline for the process. Prototypes that test different alternative
concepts or split the concept intro sub-systems are placed on the vertical axis. ProtoMapping allowed us
to see which modules and parts of the product were prototyped individually and when they were
integrated with each other. Figure 5 shows the ProtoMap template with some example data.

Team X 123456 7 8 910111213 14151617 18 19 20 21 22

Product 1 1
Full product LD TP IT P IrPrP i T I

M1 Module 1 1 1 1 1 4
Full module

P1  Partl X

P2  Part2 X X X

M2 Module 2 2 2 201 7
Full noduke

P3  Part3 X XX

P4 Partd X X

P5  Part5 X| X

0o 2 o 0 0 3 0 3 0 011 2 1 0 0 0 0O O0OO0OO0O O0O O 12
Prototypes per day

Figure 5. ProtoMap used to visualise the structure of the prototyping process. The left part
shows the prototype structure: Full integrated product (blue), modules (green), and parts
(yellow). X’ marks a prototype and ‘1’ an integration with a prototype.

Two ProtoMaps were developed for each team; one formal ProtoMap to show the team’s formal
strategies and one underlying ProtoMap to show the team’s underlying strategies. The formal
ProtoMap was based on written documentation and the organisation of Prototyping Planners. It
illustrates the team’s own deliberate, conscious and planned strategies. The underlying ProtoMap was
based on the content in the Prototyping Planners and shows the strategies that the teams used
unplanned and spontaneously. Finally, the two ProtoMaps were compared to identify the difference
between formal and underlying strategies for navigating the prototyping process.
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3 RESULTS

Figure 6 shows the final prototypes presented by the ten student teams at the end of the project.
Oftentimes, these prototyping ‘milestones’ are the only part of the prototyping process that are seen by
people outside the team.

Team 1 Team 2 Team 3 Team 4 Team 5
Sourdough Kefir Kimchi Ultrasound mixer Cheese

VT
Team 10
Kombucha Spice dispenser

Figure 6. The 10 final prototypes. This shows prototyping at a macro level of abstraction

Figure 7 shows on which days the ten student teams created prototypes using the Prototyping Planner.
Here, we start to dive into the Meso level of the prototyping process. The figure shows the timing of
prototypes, but still does not say much about the strategies that the teams used for their prototyping
process. In the following sections, we will visualise these strategies with ProtoMaps. The first section
presents the different types of partitioning strategies used by the teams while the second section
compares formal and underlying strategies.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Perteam

Team 6 1 1 B 2 7
Team7 1121 1 1 7
Team 10 2y 1 2 2 2 9
Team1 i 2 2 1 1 il 2 10
Team3 i o 1 2 1|1 |§2 10
Team4 o 1 2 1 a 2 10
Team5 1 g2 3HE3 1 2 12
Team8 2 2|1 12121 1 16
Team 2 1 3|2 l 1 20
Team 9 B 1 2 2 3[1]1]1 1 | 3
Per day sl 2 15 Dl 7 1 1 11 7 4 2 1 3 3 0 O 135

Figure 7. Prototyping planners used per team per day

3.1 Navigation strategies from ProtoMaps

Figure 8 shows five different types of partitioning strategies used by the student teams to navigate the
prototyping process. The strategies show different approaches for dividing a product into sub-parts that
can be tested individually during a part of the development process. With the sub-systems strategy each
prototype was used to test a different part of the product. When this was used as a formal strategy, all
Prototyping Planners were found in the same slide deck or a new slide deck was created for each
prototype. We consider this to be the lowest use of a formal strategy as there was no consideration of
when to integrate different parts of the product with each other and only little use of iterations as merely
0-20% of Prototyping Planner iterated a previous Prototyping Planner. The iterative sub-systems strategy
is similar to the sub-systems strategy, but here product parts were iterated to a higher degree as 22-50%
of Prototyping Planners referenced previous prototypes. The Prototyping Planners were also not
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organised in any particular way, but instead of seeing each prototype as a new test, the product was
divided into parts that were iterated. With the modules strategy the product was not only divided into
different parts, but also into different modules that were developed and prototyped in parallel. Two
different ways of separating sub-systems were identified; either the modules were based on a traditional
division of mechatronic products based on mechanics, electronics, and software, or they were divided
based on the desired functions of the device (as known from the functions-means tree (Chakrabarti,
2002)). Team 2 divided their Kombucha maker into a mechanical and an electronic module and used a
supplemental text document as a ‘connector’ to keep track of the tests within each module.

Team 3: Kimchi 12345678 91011121314151617 15819202122 g 4
T X g P4
P2 2 X o
Sub-systems A —— X s P3
Pa Temperatum measurement X o
strategy ’s s X £ P2
P66 X g
Simple strategy 7 o7 X a [ p1
P8 Appfunctions X | x ]
1 0 2 100 2 00 00 11 1100UO0O0O0TUO0 O0I10 v =
Prototypes per day Iterations
. Team 5: Cheese 123 4567 8 91011121314151617 1819202122 g A
a Pa.1
Iterative S W H
P2 Therm - control p 5 X|X
sub-systems i et = £ P31 P32
P4 Fiter X X
strategy 5 el - £ P2.1 2.2
% P6  Swechbution X g
Slm Ie strate 12 0003300001000 2000GO0GO0O01]2 5 P11 P12
o
Prototypes per day A »
>
Iterations
Team 3: Kimchi 3 A
1234567 8 91011121314151617 1519202122 a b
M1 Electronics 3 3 z
Full mosdde | | ®
Pl PHmeasurements | | || | | a Pa.1
P2 Temperature measurements X | £
Modules M2 Software 111 3 2 P31 P32
Full modue | ] >
strategy 7 o cton x 2 mL1
PA Applayout X | X v
M3 Mechanics 1 2 1 4
Advanced oneibt X H CIDOIE | )] P2.1 P2.2
strategy 75 Grevucien =
P6 Pacoment of mateal [ 1 x| [ P11 P12
1 0 300 0 200001111000 O0O0O0 010 Y
Prototypes per day % =
Iterations
Team 4: Ultrasound 1234567 891011121314151617 1519202122 £ A
Ultrasound machine 1 1 1 3 ‘é.’,‘ F1 P2
3 3 I O I I Y 28
- Parts g 7 S s 2 7 E ‘ﬂ-. :
IntEgratlon L Unasoundsouees X Iterations
P2 Cupplicement X P11 P12
strategy P g ocon X Eg
P4 Relative placament of components X %z. P2.1 P2.2
PS5 Dashbosrd X o
Advanced i Z 43 po o
strategy LR x o . .
0O 0 00 210 2 10000 1000 0O 3 0 010
P4.1
Prototypes per day
v
o
Team 1: Sourdough 5 2 4
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Finalprototype ] e 5 e 32 -
M1 Dispensing flour 1 1 1 1 4 Iterations
Modules & St %
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1 0 0 0 2 0200001010010 2 00 010
sl v P4.1

Figure 8. Examples and generic representations of the five identified partitioning strategies
showing how to test the sub-systems of a product over time. All ProtoMaps can be found at
www.prototypingplanner.com/protomaps

Team 4 was the only team that formally decided to use the integration strategy. Three times during the
three-week course they planned a full integration prototype, which they named MVP (minimum viable
product). Between these MVPs, the team prototyped sub-systems individually. Finally, the modules
and integration strategy apply both sub-system modules and integration points where modules are
integrated with each other. This strategy was not formally planned by any of the teams, but only found
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as an underlying strategy. Overall, we consider the sub-systems and iterative sub-systems strategies to
be simple partitioning strategies while modules, integration, and modules & integration strategies are
labelled as advanced strategies.

3.2 Comparison of formal and underlying strategies

The same types of partitioning strategies can be identified in both the formal and underlying
ProtoMaps. However, for several teams, the identified strategy changed when comparing their formal
ProtoMap with their underlying ProtoMap. Details in the Prototyping Planners show how individual
prototypes link together even though this is not shown in the formal documentation. When we
visualised the underlying strategies, the number of modules, full system prototypes, and iterations
increased, while the number of parts decreased. Figure 8 shows both types of ProtoMaps for team 3.
Formally, this team only used a sub-system strategy and did not seem to consider how they divided or
integrated their prototypes. However, looking more closely at their Prototyping Planners it appears
that they divided their product into electronic, software, and mechanical modules, though this strategy
was not deliberately and consciously formalised. Similarly, the formal ProtoMap for team 8 shows that
they did not plan when to prototype the full system. However, the underlying ProtoMap shows that
almost a third of their prototyping activities were used to test their overall product, for instance to
determine the relative placement of components. Table 1 presents a comparison between the strategies
used in formal and underlying ProtoMaps.

Table 1. Comparison of formal and underlying strategies. The number of full prototypes,
modules (Mods.), parts, and iterations (Iter.) for the teams that utilised each of the five
strategies is shown. Bold font identifies where the strategy was evident

Strategy Formal strategies Underlying strategies

Teams | Full | Mod. | Parts | lter. Teams | Full Mod. | Parts | lter.
Sub-systems | 1, 3,7 0 0 24 3 - - - - -
Iterative sub- | 5, 8, 0 0 23 16 5,6 0 0 8 11
systems 10
Modules 2,6,9 0 4 22 19 3,9,10 0 10 26 26
Integration 4 3 0 7 2 4,7,8 10 0 18 9
Modules & - - - - - 1,2 2 5 13 13
integration
SUM 3 8 82 53 12 15 65 59

(+9) | (+7) | (-17) | (+6)

Six of the ten teams only made little consideration of their navigation strategies, while four teams
formally planned how to divide their prototype into modules or when to test fully integrated prototypes.
However, the underlying ProtoMaps show that eight of the teams did use certain partitioning strategies
even if they did not make formal strategic decisions. For instance, team 1 and 2 used both modules and
integration prototypes even though none of the teams had explicitly planned to do so.

4 DISCUSSION

Several studies have identified the benefits of using deliberate strategies when prototyping (Christie et
al., 2012). This research has analysed how teams of novice designers utilised partitioning strategies for
mechatronic prototyping projects during a three-week period. Using the ProtoMapping method, we
have shown both the formal and the underlying strategies used by the teams.

4.1 Strategies for the prototyping process

The ProtoMaps showed that five different types of partitioning strategies were used to navigate the
prototyping process. Only four of the ten teams used formal strategies for their prototyping processes,
while six of the teams did not formalise their overall use of prototypes during the three-week project.
The four teams that formalised their prototyping strategy used a modules strategy to divide their
product into modules to be prototyped in parallel or an integration strategy that determined when the
full product should be tested. The other six teams did not consider how to divide their product into
subsystems and when to integrate them through prototyping. However, when we look closely at the
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content of the Prototyping Planners, we find that these teams did in fact isolate, integrate and iterate
more than it appeared at first sight and that some of the teams used advanced partitioning strategies
even though they did not formulate them explicitly. These results show that there is a difference
between novice designers’ abilities to integrate and utilize design support in their projects. However,
the underlying ProtoMaps shows that partitioning strategies were possible to use and relevant for all
teams. Therefore, we argue that all teams would benefit from making these decisions deliberately. A
team with no overall strategy for their prototyping process may make a full system prototype to
integrate sub-systems, but the likelihood of them actually doing it will probably increase when they
have deliberately considered this strategy. For instance, team 4 planned to make three full prototypes
to test their entire product and ended up making four full system protypes. Teams 1, 2, and 7 did not
have an integration strategy and only ended up making one full system prototype each.

Designers could benefit from considering how their overall product can be divided into sub-systems to
test separately and when they should be integrated with other sub-systems during the prototyping
process. The ProtoMaps show that the strategy for sub-system isolation and integration can change
multiple times during a three-week prototyping process. Therefore, it is important to consider this
strategy for the prototyping process as a whole and not just for one prototyping activity at a time. The
five partitioning strategies identified in this research can be used directly to guide design teams in
planning the prototyping process for the next part of their project. Borrowing from agile terminology,
partitioning strategies can be used to plan the testing activities during the next ‘sprint’ (or cycle or
phase) of the project (Schuh et al., 2018). When planning such a sprint, the design team should select
one of the strategies to determine their approach for decomposing their product into sub-systems and
whether integrated points should be planned. Figure 9 illustrates the use of three different strategies
during three sprints in a development project.

Macro
Development
process

- Meso
Prototyping
process

Figure 9. Partitioning strategies can be used to plan the prototyping process for a sprint

This research shows the relevance of distinguishing between prototyping activity and prototyping
process. In the Introduction of this paper, we presented an expanded model for the prototyping process,
showing the process at three different levels of abstraction. This paper illustrates how the Meso level of
the prototyping process is needed to connect prototyping activities to the overarching development
project. It also shows how the ProtoMapping method can be used to compare strategies in different
prototyping processes. Based on the expanded model of the prototyping process at three levels of
abstraction, it was initially considered that the Prototyping Planner only supports part of the prototyping
process - namely the prototyping activities at the Micro level. This research confirms this notion and
shows the need to support designers during the whole process. Thus, the Prototyping Planner should be
expanded in the future to support the prototyping process as well as the individual prototyping activities.

4.2 Limitations

During the course, each team chose when they wished to use the Prototyping Planner. Some teams
used the tool for the majority of their prototyping activities, while other teams only used it for selected
activities. Therefore, the ProtoMaps do not necessarily show the prototyping processes in the full
detail, though they all show enough to identify strategies at play. In general, the question of when one
prototyping activity ends and the next iteration begins can be difficult to define clearly. Another
important limitation is the assumption that what has not been documented by the teams was not part of
their formal strategy. While we believe that formal strategic decisions would appear from the data
analysis, the teams may have had discussions internally that have not been considered in the analysis.
This research identified strategies for the prototyping process but did not connect the strategies to the
outcome from the process. Future research should investigate the relationship between different types
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of strategies and their impact on design outcome. Finally, as this study focusses on engineering
students its conclusions presently only apply to novice designers. Future studies should investigate the
use of strategies in prototyping processes among expert designers in industry.

4.3 Conclusion

Prototyping is a process that can be observed at different levels of abstraction. This paper analysed the
prototyping process at the Meso level where multiple different prototyping activities are connected to
reach a prototyping milestone. Through the ‘ProtoMapping’ method, we demonstrated how ten teams
of engineering design students used partitioning strategies to navigate the prototyping process and
develop a mechatronic device for food production. Some teams used few formal strategies to go from
idea to final prototype, while other teams deliberately divided their product into modules that could be
prototyped separately, or planned milestones for prototyping their full concept. However, it appeared
that most of the teams that did not make formal decisions about their prototyping strategies still used
some of these strategies subconsciously. Novice designers should be supported in structuring the
prototyping process as well as individual prototyping activities. The partitioning strategies identified
in this paper can be applied by future design teams to guide the planning of their prototyping process.
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