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In recent decades, toolkits for innovation have been increasingly used to integrate users into
new product development processes. They promise to empower users in these processes by
providing design freedom and iterative learning for the transformation of ideas into prod-
ucts. Despite these potential benefits, little is known about how these often digital toolkits
compare to traditional design methods, and what role previous experience of users in new
product development plays. To compare the effectiveness of toolkits for innovation with
physical product modeling, we conducted a two-stage laboratory experiment in the form of
an innovation challenge. One hundred non-expert and 46 expert users created new product
designs, which were subsequently evaluated by an independent jury. Our results show that
users with no experience in digital or physical design tasks develop more innovative product
ideas when using a digital toolkit for innovation than when they use physical product mode-
ling, while expert users seem to be able to use both methods with equal success. We, thereby,
show that toolkits for innovation are a powerful way to translate users’ solution information
into a prototype. Moreover, our results indicate that the usage of a digital toolkit for innova-
tion decreases the quality gap between the designs of non-expert and expert users in new
product development.

1. Introduction et al., 2021). Digitally enabled technologies such as
additive manufacturing and computer-aided design

n recent decades, the use of digital technologies ~ (CAD) enable users to quickly turn abstract ideas
for integrating users into new product development ~ into tangible prototypes (Rindfleisch et al., 2017;
processes has become a driver for the transformation ~ Beltagui et al., 2020; Marion and Fixson, 2021),
of traditional innovation activities in many indus-  thereby expanding the scope of possible product of-
tries (von Hippel, 2001; Urbinati et al., 2020; Ciarli ~ ferings and blurring the divide between physical and
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digital spaces (Lipson and Kurman, 2013; Becker
et al., 2021; Claussen and Halbinger, 2021). As these
technologies empower user innovation, they shift in-
novation processes from a manufacturer-active to a
customer-active paradigm (Wang, 2021).

Traditionally, firms have dedicated substantial
resources to eliciting need information from the
users of their products to eliminate imperfections
in current products or come up with new product
ideas (von Hippel, 2005; Gemser and Perks, 2015;
Becker et al., 2021). While researchers suggest that
most users can articulate their needs regarding new
or existing products (Piller and Walcher, 2006; Ihl
etal.,2018; Zhu et al., 2019), they likewise stress that
users’ ability to provide firms with solution informa-
tion is limited. This limitation is rooted in users’ lack
of knowledge of modeling techniques, design princi-
ples, and tools (Droge et al., 2009; Magnusson, 2009;
Marion and Fixson, 2021). Toolkits for innovation
are a promising solution to this issue. They are a
digital technology, which enables users to translate
solution ideas to problems into real prototypes that
can be tested and observed (Franke and Piller, 2004;
Elia et al., 2020; Pesch et al., 2021).

Despite the immense potential of user toolkits for
innovation to transfer solution knowledge between
users and firms, we know surprisingly little about
how users interact with these toolkits and whether
they empower users to create product innovations
(Alcacer et al., 2016; Foucart and Li, 2021; Boudreau
et al., 2022). For instance, Opland et al. (2022, p.
262) call for further research “into how digital tools
affect the [...] digital innovation process” and how
they provide value in the innovation process. While
many innovation toolkits exist, they often cater to a
narrow range of users or assume a certain level of
knowledge and resources that may not be available
to all innovators (Opland et al., 2022). In this con-
text, Appio et al. (2021) call for additional research
to explore what capabilities or skills are necessary
for utilizing digital tools.

While expert users, who are trained in highly
complex digital product design software and/or non-
digital design tools, should be able to translate their
solutions into prototypes, non-expert users simply
lack the skill to do so (Poetz and Schreier, 2012),
leaving their creative potential untapped. Therefore,
toolkits for innovation are especially valuable for
non-expert users who seek to transfer a solution idea
to one of their problems into a prototype, as well as for
firms that are interested in drawing on such solutions
for their innovation processes. Prior researchers were
unable to investigate toolkits for innovation because
they could not build toolkits that fulfilled the five cri-
teria for them set by von Hippel in his seminal (2001)
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paper. Picking up this notion, Opland (2022, p. 262)
calls for research “into the design of more sophisti-
cated digital tools for innovation purposes, using new
and advanced technology.” Considering this call, we
set out to answer the following research questions:
How can firms build a toolkit for innovation that
possesses the five attributes defined by von Hippel
(2001)? How does such a toolkit for innovation com-
pare to physical product modeling? And what role
does the level of users’ expertise in new product
development play for both approaches?

To answer these questions, we conducted a two-
stage laboratory experiment. In the first stage, we cre-
ated an innovation challenge with 146 participants:
100 non-expert users and 46 professional product
designers. While the non-expert users in our exper-
iment were completely new to product design, all
the expert users had extensive training and practice
in conducting physical design relying on paper, pen-
cil, tools, and modeling compounds, as well as CAD.
We instructed both user groups to create an innova-
tive drinking vessel and randomly assigned them to
either use physical modeling techniques or a toolkit
for innovation. In the second stage, each member of
an independent jury of three non-expert and three
expert users, who did not participate in the design
challenge, evaluated the products’ innovativeness.

The results of our analyses support our theoriz-
ing that product ideas composed with a digital tool-
kit for innovation are more innovative than those
product ideas created by physical design approaches
and that expert users’ ideas are more innovative than
those of non-expert users. Beyond that, we find that
designs of non-expert users created with a toolkit for
innovation received higher scores than those built
physically. This was not the case for expert users,
indicating that it is non-expert users who profit from
toolkits for innovation when translating their solu-
tions into prototypes.

Our study contributes to the literature on user
innovation and toolkits for innovation in three
important ways. First, we respond to inquiries from
prior research (e.g., Appio et al.,, 2021; Di Vaio
et al., 2021; Marion and Fixson, 2021) by demon-
strating that innovation toolkits can effectively facil-
itate new product development by transforming
users’ solution information into prototypes. Notably,
our research finds that non-expert users benefit from
using toolkits for innovation, as they tend to create
more innovative products than when using physical
product modeling. Secondly, our study proposes and
confirms that innovation toolkits can help to reduce
the discrepancy in product design quality between
non-expert and expert users. By utilizing digital
toolkits, firms can access a wider range of users as
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potential sources for new product ideas, rather than
relying solely on expert users. Finally, we introduce
and evaluate a digital innovation toolkit that satisfies
the five criteria established by von Hippel (2001).
Although our toolkit is an example of how such tool-
kits can be developed inexpensively, it is also a seri-
ous attempt to expand research on innovation toolkits
beyond the study of tools for mass customization
(Goduscheit and Jgrgensen, 2013).

2. User toolkits for innovation

2.1. The concept of user toolkits for
innovation

The integration of users into new product develop-
ment processes has revolutionized innovation activ-
ities in various industries (Chesbrough et al., 2018;
Urbinati et al., 2020; Becker et al., 2021). Toolkits
for innovation simplify the producer—customer
interaction and shift the innovation process from a
producer-active paradigm to a customer-active para-
digm, thereby facilitating fast access to information
and smooth transfer of ideas (Jong and Bruijn, 2013;
Balka et al., 2014; Urbinati et al., 2020). These tool-
kits allow firms to integrate users into new product
development processes and transfer knowledge and
solutions to current problems (von Hippel, 2017,
Bstieler et al., 2018; Usai et al., 2021). They increase
users’ engagement in creating new solutions through
non-mediated interactions with the manufacturing
firm (Nambisan, 2002; Piller and Walcher, 2006;
Ciarli et al., 2021). The use of toolkits for innova-
tion is conducive to innovation challenges as they
enable a broad range of users to participate in inno-
vation activities that lead to a multitude of idiosyn-
cratic product designs (Piller and Walcher, 2006;
Marion and Fixson, 2021; Pesch et al., 2021). Von
Hippel (2005, p. 147) notes that “the goal of a tool-
kit is to enable non-specialist users to design high-
quality, producible custom products that exactly meet
their needs.” Users apply a toolkit to create a prelim-
inary design, prototype it, evaluate its functioning in
their personal use cases, and then iteratively refine it
until it fits their needs (von Hippel, 2005).

2.2. The five attributes of toolkits for
innovation

According to von Hippel (2001), proper toolkits for
innovation have five essential attributes: they (1)
enable learning by doing through trial and error, (2)
provide an appropriate solution space, (3) are user-
friendly, (4) come with preinstalled module libraries,
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and (5) facilitate the transformation of user designs
into real products.

2.2.1. Learning by doing through trial and error
Toolkits for innovation enable users to go through
complete cycles of trial-and-error learning when
creating product designs (von Hippel, 2001). The
transfer of information between the user and the
manufacturer makes it possible to verify and evaluate
the outcomes of initial design choices and improve
them (Jeppesen, 2002).

2.2.2. Appropriate solution space

According to von Hippel (2001), toolkits for innova-
tion offer a broad set of possible solutions with a high
degree of design freedom. The solution space — the
range of possible solutions — is not tied to a particular
production system.

2.2.3. User-friendliness

Toolkits for innovation must be user-friendly, for
instance by having simple, well-structured user inter-
faces and clear arrangements of functions. It should
be possible for users with little or no training in
design and new product development to operate them
(von Hippel and Katz, 2002).

2.2.4. Module libraries

Toolkits for innovation provide their users with vast
arrays of modules to support them — ready-made ele-
ments that together can make up new designs. For
instance, architects can use and combine standard
materials and structural components when designing
custom office buildings. This streamlines the typi-
cal innovation process of creating new products by
arranging previously designed components in new
ways (Henkel and Thies, 2003).

2.2.5. Translating user designs for production
Finally, toolkits for innovation combine seamlessly
with the manufacturer’s production system as they
provide a standard language for users and manu-
facturers without incurring additional expenses for
transferring the information to the production sys-
tem (von Hippel, 2001). Custom products can be
produced without modifying the manufacturer’s
equipment.

2.3. Application and effectiveness of
toolkits for innovation

Additive manufacturing and digital tools such as
CAD have increased the importance of toolkits for
innovation, enabling the development and produc-
tion of physical products by consumers (Nambisan,
2017; Claussen and Halbinger, 2021; Marion and
Fixson, 2021). User-friendly digital modeling tools
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such as Tinkercad have made 3D design accessible
without extensive training (Rindfleisch et al., 2017;
Urbinati et al., 2020). The decreasing cost of additive
manufacturing and increasing availability of mate-
rials are democratizing the technology (Rindfleisch
et al., 2017; Becker et al., 2021). However, evidence
about the influence of toolkits for innovation on new
product development is limited, and some studies
only partially correspond to von Hippel’s criteria for
true toolkits for innovation (Jeppesen, 2002; Kamali
and Loker, 2002; Dellaert and Stremersch, 2003;
Franke and von Hippel, 2003; Goduscheit and
Jgrgensen, 2013). Confusion arises as toolkits for
mass customization are often marketed as tools for
innovation, but they differ in important ways.

3. Hypotheses

3.1. Toolkits for innovation and physical
product modeling

Toolkits for innovation offer various opportunities for
users to ideate and create personal value (Jeppesen
and Molin, 2003; Beltagui et al., 2020; Ciarli et
al., 2021). They provide users with guidance and
assistance during the design process, leading to more
innovative designs. Unlike physical product model-
ing, which may require more time, resources, and
experience, toolkits simplify ideation and creation,
including visual demonstrations and module libraries
that inspire novel design possibilities (Baldwin and
von Hippel, 2011; Urbinati et al., 2020). This guid-
ance can help users create customized products that
fit their needs, leading to more innovative designs
(Franke and Schreier, 2002; Elia et al., 2020).
Moreover, toolkits are typically more accessible and
require less specialized knowledge or equipment than
physical product modeling approaches. They offer
a more scalable and accessible approach to design
and open up the design process to a wider range of
individuals, potentially leading to more diverse and
innovative designs (von Hippel, 2001).

Toolkits for innovation offer greater flexibility in
the design process and reduce the effort required to
develop new products, allowing designers to iterate
quickly and easily (Rindfleisch et al., 2017; Claussen
and Halbinger, 2021; Marion and Fixson, 2021).
Unlike physical product modeling, which may
require the creation of multiple physical prototypes,
toolkits allow designers to make changes in a digi-
tal environment. Users can experiment with different
ideas and approaches, which may result in more inno-
vative designs. Moreover, by automating many of the
testing and production processes, toolkits reduce the
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amount of time and effort required to develop new
products. This can free up users to focus on other
aspects of the design process, such as ideation and
prototyping, leading to more innovative designs
overall (Schreier, 2006).

Finally, toolkits for innovation enable users to
engage intensely in a digital design process, expe-
rience quick progress, and ultimately achieve mas-
tery, all of which contribute to increased feelings
of self-efficacy and pride (Kruglanski, 1975; Avey
et al., 2009). This can lead to a greater investment
of time and effort in the design process, resulting
in higher-quality, more innovative designs (Sieger
et al., 2013; Dawkins et al., 2017). We therefore
hypothesize:

Hypothesis 1 Product ideas designed through a
toolkit for innovation are more innovative than those
developed through physical product modeling.

3.2. Experience in product development

Innovation challenges often bring together groups
of users with different levels of expertise to solve
specific design tasks within a given timeframe
(Ihl et al., 2018; Zhu et al., 2019; Claussen and
Halbinger, 2021). Non-expert users are useful in iden-
tifying unmet needs and expressing their preferences
for product features or implementation processes
(von Hippel, 2001). However, they lack the techni-
cal knowledge and experience in product modeling,
design, or prototyping required to transfer their solu-
tion information into a prototype (Magnusson, 2009;
Ciarli et al., 2021).

Expert users, on the other hand, possess the tech-
nical knowledge to convert ideas into product solu-
tions (e.g., Poetz and Schreier, 2012; Crawford and
Di Benedetto, 2015; Elia et al., 2020). They possess
the required solution information and ample knowl-
edge of general design principles, modeling tech-
niques, and digital tools (Droge et al., 2009; Ciarli
et al., 2021). They can quickly iterate on designs
and test different options, resulting in more refined
product solutions (Ulrich and Eppinger, 2012; Elia
et al., 2020). As they tend to invest a lot of time into
designing new products or enhancing existing ones,
expert users have a higher level of abstraction, which
helps them to better transform ideas into real prod-
ucts (von Hippel, 2001; Becker et al., 2021).

Amabile (1996) argues that technical, procedural,
and intellectual knowledge are the main drivers for
generating innovative ideas. A broad set of skills,
information, and knowledge increases the likeli-
hood of producing something new (Kristensson
et al.,, 2004; Urbinati et al., 2020). The design
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capabilities of expert users allow them to perform
design tasks effectively and create solutions of
high quality (Poetz and Schreier, 2012; Marion and
Fixson, 2021).

Moreover, experienced designers can envision
the full potential of a product, considering a range
of possibilities that may not be obvious to non-
expert users (Weisberg, 1993; Magee, 2005). They
also have a deeper understanding of user needs,
based on years of experience designing for differ-
ent audiences and markets. Experienced design-
ers are also more likely to be exposed to the latest
industry trends, technologies, and innovations. This
knowledge can be leveraged to create truly innova-
tive products and ahead of their time (Kristensson
et al., 2004; Beltagui et al., 2020). This can lead to
more innovative and useful product designs (Ulrich
and Eppinger, 2012; Usai et al., 2021). We there-
fore hypothesize:

Hypothesis 2 Product ideas designed by expert
users are more innovative than those designed by
non-expert users.

3.3. Toolkits for innovation and experience
in product development

Toolkits for innovation are effective in enabling
non-expert users to create and customize products
that meet their specific needs (Becker et al., 2021).
By providing users with trial-and-error cycles and
high design freedom through an appropriate solution
space, toolkits allow them to identify their real needs
and develop highly innovative and fully customized
products (von Hippel and Katz, 2002; Claussen and
Halbinger, 2021; Usai et al., 2021). Additionally,
the user-friendly interface and module libraries
stimulate creativity and convey an understanding
of feasible solutions (Piller et al., 2004; Marion and
Fixson, 2021).

One major advantage of toolkits for innovation
is that they set the level of knowledge necessary
for developing new products to a minimum (Poetz
and Schreier, 2012; Ciarli et al., 2021). This is par-
ticularly beneficial for non-expert users who lack
design training and experience (Elia et al., 2020;
Usai et al., 2021). To create an individualized prod-
uct, non-expert users need only the ability to operate
the toolkit, as the complex testing and manufactur-
ing are completely handled by the toolkit and the
manufacturer (Franke and Schreier, 2002; Claussen
and Halbinger, 2021). This fact mitigates some of
the major downsides of physical approaches to col-
lecting user ideas and innovations, as it renders skill
and experience in sketching, product modeling, and
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production unnecessary and provides non-expert
users with guidance and assistance during the design
process. However, for experienced designers, the
benefits of using a toolkit may not outweigh the per-
ceived effort of using it (von Hippel, 2001; Urbinati
et al., 2020).

Expert users who are accustomed to physical
product modeling may find it challenging to switch
to using digital tools, as digital tools lack the tac-
tile feedback that physical product modeling offers
(Hendler, 2019). Tactile feedback helps design-
ers understand the physical properties of materials
and how they interact with each other. Without this
feedback, designers may struggle to create innova-
tive designs that consider the physical properties of
materials.

Moreover, expert users may require specialized
software tools that can handle complex simulations
or modifications, or that can integrate with other soft-
ware tools (Beltagui et al., 2020). These tools may be
more expensive or require additional training to use,
which can be a barrier to adoption for some users.
Expert users may also have established workflows
and processes that have been refined over years of
experience (Kristensson et al., 2004). They may be
resistant to changing their processes or learning new
software, which can make it difficult to adopt new
digital tools.

Taken together, we hypothesize:

Hypothesis 3 The lack of experience in product
modeling positively moderates the relationship
between using toolkits for innovation to design
products and their innovativeness.

4. Methodology

4.1. CAD and additive manufacturing as a
user toolkit for innovation

To create a toolkit for innovation, we combined
two different free-of-charge software solutions,
Tinkercad and Shapeways. First, Tinkercad and
Shapeways provide full cycles of trial-and-error
learning. Users can design a product in Tinkercad
as the user domain and then verify its feasibility
with Shapeways as the manufacturer domain. For
this purpose, Shapeways automatically scans the
product design and provides feedback about any
potential production errors such as too-thin walls or
loose parts. Second, Tinkercad has a wide solution
space for modeling product ideas. Users can resize
the workspace, manipulate heights, widths, and
lengths, and use different camera angles. Third, both
software solutions are user-friendly. Tinkercad is a
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simplified and well-documented software for begin-
ner to expert users, while Shapeways provides a good
visualization of the production feasibility based on
drag-and-drop principles. Fourth, Tinkercad pos-
sesses a wide variety of structural modules, rang-
ing from simple to complex. These modules can be
modified in shape or size and freely combined with
other modules. Fifth, the toolkit for innovation pro-
vides translation for production with the transfer of
the model from the user to the manufacturer domain,
as users can directly order the product they designed
if there are no production issues.

An overview of how a combination of the two
software solutions complies with the five attributes
is shown in Figure 1.

4.2. Experimental design

To test our conceptual considerations, we con-
ducted an experiment in the form of an innovation
challenge (Piller and Walcher, 2006). The innova-
tion challenge was designed as a two-stage process:
the development of new product designs and a jury
evaluation of the innovativeness of the designs.

Five Attributes by

von Hippel (2001) Tinkercad and shapeways

Users can design product

1. Trial-and-error

learning Shapeways verifies their

improvements if needed.

ideas in Tinkercad, and ‘ =

feasibility and suggests .

Users can resize the
workspace, manipulate
heights, widths, and
lengths, and use different
camera angles.

2. Appropriate
solution space

B

LS

Both software systems
3. User-friendliness feature drag-and-drop
and easy visualization.

Tinkercad possesses a | e
wide variety of structural
modules, ranging from

simple to complex. These
modules can be modified

in shape or size and

freely combined with

other modules.

4. Module libraries

SHAPEN!

Models can be
. transferred from
5. Translation for 1\ orcad to Shapeways I 3
production .
for production. —

SHAPEW!

Bring your product to life

-—

. -

;W
I
i)

0

0

Figure 1. Combining Tinkercad and Shapeways to comply with the five attributes of toolkits for innovation. [Colour figure can be viewed

at wileyonlinelibrary.com]
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Figure 2. Experimental design.

Figure 2 provides an overview of our experimental
design.

4.3. First stage: new product development

4.3.1. Modeling approach

Within the first stage of the experiment, we compared
the output of two modeling approaches: toolkits for
innovation and physical product modeling. While the
toolkits for innovation approach comprises a digital
product modeling with the toolkit described above,
i.e., a combination of Tinkercad and Shapeways,
the physical product modeling approach consists of
product modeling with physical tools, such as pen,
paper, and Styrofoam.

4.3.2. User groups

We recruited two different user groups as partici-
pants in our experiment. We went to various courses
in architecture, design, and business administration
for two weeks and distributed flyers to promote our
innovation challenge. Our non-expert users were
students without any knowledge of product design,
product modeling (whether digital or physical), CAD
software, or additive manufacturing. By contrast,
our expert users were advanced design or architec-
ture students who possessed extensive knowledge in
these domains, as all of them had already conducted
prior product design projects using digital tools and
physical product modeling (on average 8.70 physical
and 12.38 digital design models). We recruited 100
non-expert and 46 expert users to participate in our
experiment.

4.3.3. Task and execution
We instructed all 146 subjects — 100 non-expert and
46 expert users — to develop a drinking vessel. There
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were no restrictions in terms of functions, materi-
als, or usage. Additionally, the participants had to
describe their idea in written form, including infor-
mation on the product’s name, materials, shape, and
functions. We chose a low-tech task and a topic from
everyday life, drinking vessels, to ensure that every
participant was familiar with it. Furthermore, this
task leaves a lot of room for new ideas and allows
for changes to existing products. The participants
had two hours to develop their product idea in both
approaches. Each subject received a participation fee
of €28. We provided a further incentive, rewarding
the most innovative, second most innovative, and
third most innovative idea with a €150, a €100, and a
€50 Amazon voucher.

We randomly distributed the participants of each
user group equally across both modeling approaches,
resulting in a 4x4 matrix (Figure 3). Non-expert
and expert users within the toolkits for innova-
tion approach used Tinkercad, a simplified CAD
program, to model their product idea. To become
acquainted with the software, subjects started with
a short hands-on software tutorial. After complet-
ing the tutorial, they developed their product idea
with the toolkit. To ensure producibility, Shapeways
automatically analyzed whether the model could be
processed with additive manufacturing. Any neces-
sary corrections were disclosed to the participant.
We instructed the other users to create their products
with physical product modeling and provided them
with all the required materials (pencils, paper sheets,
knives, rulers, and Styrofoam). They were instructed
to sketch their product and subsequently build a pro-
totype out of Styrofoam. Figure 4 presents images
of the experimental setting and the execution of the
experiment.
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Figure 3. Stages of the innovation challenge.

4.4. Second stage: idea assessment

4.4.1. Product catalog

In preparation for the idea assessment, we collected
all product ideas and descriptions and created a prod-
uct catalog for each modeling approach consisting
of a product description (including name, materials,
shape, and functions), a sketch, and product pictures.
To ensure comparability between both approaches,
we took pictures of the physical product ideas and
included screenshots of the toolkit for innovation
approach (see Figure Al).
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4.4.2. Process of idea assessment

An independent jury was instructed to evaluate
the product ideas’ innovativeness (see Figure 3).
Following Toubia and Flores (2007), the jury con-
sisted of three newly non-expert and expert users.
The jury received a unique and randomized collec-
tion of all idea submissions.

To assess the innovativeness of the new product
idea, we use the Consensual Assessment Technique
developed by Amabile (1982, 1996). This is a well-
established method for measuring the novelty and orig-
inality of newly designed products when functional
measures, such as sales, R&D efficiency, and patent
citations, are not available (Conti et al., 1995). The jury
had to assess the novelty, usefulness, number of ben-
eficiaries, and level of elaboration on a 7-point Likert
scale (1 — fully disagree to 7 — fully agree). New prod-
ucts or services are classified as innovative to the extent
that individuals independently agree (Amabile, 1996).

The judges discretely assessed all criteria — novelty,
expected customer benefits, number of beneficiaries,
and level of elaboration — without getting any further
explanations or having any discussions with other
evaluators. This impeded biases from group dynam-
ics, social acceptability, and hierarchical status. All
evaluations took place at the same time in different
rooms. After all the evaluators completed their assess-
ments, we calculated the consensus. High levels of
consensus would imply that the evaluations were reli-
able, valid, and of high quality. Intraclass correlation
coefficients, which are based on Pearson’s correlation
coefficient, determine the degree of consensus (Shrout
and Fleiss, 1979; McGraw and Wong, 1996). Values
above 0.7 represent high degrees of consensus. If this
threshold is fulfilled and reliability is assured, all rat-
ings of one idea are combined and weighted equally to
one overall value. All four intraclass correlation coeffi-
cients rank above the threshold of 0.7, indicating high
degrees of consensus.

4.5. Measures

We used innovativeness as our dependent variable. It
consists of four elements: novelty, expected customer
benefits, number of beneficiaries, and level of elabora-
tion. Each element is measured on a seven-point Likert
scale ranging from 1 (strongly disagree) to 7 (strongly
agree). To calculate the innovativeness score for each
product idea, all scores of the items are weighted
equally and divided by the number of evaluators to
refer to our Likert scale measurement from 1 to 7.

The modeling approach serves as the inde-
pendent variable and is dichotomous (1=Toolkit

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.

95U8917 SUOWIWIOD SAITE81D 3|qeal|dde auy Ag peusenob afe sopie VO ‘8sN J0 S3|nJ oy Aleld 1 8U1jUO A1 UO (SUONIPUOD-PUE-SLLLIB) 0D AS 1M Ae1q 1 ]BU1|UO//:SANL) SUONIPUOD pue SWiS 1 8U1 385 *[7202/50/20] U0 A1 8uliuo AS|IM ‘Sesred JO AisieAlun AQ ZyozT Wwpel/TTTT 0T/I0p/L02" A8 | 1M Alelq 1 Bul|uo//:SAny Wwou) pepeojumoq ‘T ‘%202 ‘0TE6L9VT



Toolkits for innovation
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Figure 4. Pictures of the innovation challenge — toolkit for innovation and physical product modeling. [Colour figure can be viewed at

wileyonlinelibrary.com]

for Innovation Approach, O=Physical Product
Modeling). Our second independent variable expe-
rience in new product development is dichotomous
(1=Experience in new product development, 0=No
experience in new product development). To measure
the combined effect of both independent variables,
we created an interaction term.

We also incorporated different control variables
to account for possible confounding factors on inno-
vativeness. First, we used the measure of personal
innovativeness from Agarwal and Prasad (1998),
which assesses the willingness of individuals to try
out new information technologies. Second, we used
a measure of innovativeness in product purchases
following Ailawadi et al. (2001), which determines
the degree to which a consumer engages in explor-
atory behaviors, when it comes to trying out new
and different things. Third, we also included the per-
ceived product innovativeness, which was assessed
by the participants for their developed product idea

and is measured by the Consensual Assessment
Technique criteria. Fourth, following van Dyne and
Pierce (2004), we accounted for a user’s psycholog-
ical ownership toward the product idea. Finally, we
introduced the age of the participants in our analysis.

4.6. Analysis

In line with prior research, we use linear regression to
analyze our cross-sectional data. Moreover, we con-
duct a subgroup analysis for each modeling approach
and user group. A Breusch-Pagan test reveals the exis-
tence of heteroscedasticity. Hence, robust standard
errors are included in the regression. Variance infla-
tion factors are calculated to detect multicollinear-
ity issues in the dataset. Since all variance inflation
factors are below 5, which is considered the cut-off
value for collinearity problems, there are no issues
concerning multicollinearity. Moreover, a Durbin-
Watson test confirms the absence of autocorrelation.
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5. Results

5.1. Descriptive results

One-hundred forty-six people participated in our
innovation challenge: 100 non-expert and 46 expert
users. Our non-expert users were students without
any knowledge of product design, product model-
ing (whether digital or physical), CAD software, or
additive manufacturing. The expert users in our sam-
ple had considerable experience in product design,
as they had created in their career an average of 8.70
physical product models and 12.38 CAD models and
invested 41 hours of work in their last physical prod-
uct model and 31 hours of work in their last CAD
model. All non-expert users in our sample had no
previous experience in physical product modeling or
toolkit modeling, as they had never designed a prod-
uct before participating in our experiment. A total
of 57.2% of the participants were male and 42.8%
were female. The average age of our participants
was 22.29, and 32.19% held a university degree.
Figure 5 provides an overview of the distribu-
tion of the innovativeness for the evaluated product
ideas for each modeling approach. The most inno-
vative idea was “StableCup,” a cup for people with
Parkinson’s disease with an integrated stabilizer to
enable drinking without spilling. The second most
innovative idea of our innovation challenge went to
“Drink Fun,” a drinking toy for children that helps
adults to administer medicine to their children in
a playful way. The third most innovative idea is
“Drinking Reminder,” which notifies elderly peo-
ple if their hydration level is too low and sends an
alarm to any nursing staff who may be taking care of

Physical product modeling
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them. Pictures of the most innovative ideas from the
toolkit for innovation and physical product modeling
approach are shown in Figure Al.

Figure 6 provides an overview of the distribution
of the innovativeness for each user group and model-
ing approach. The graphs show that non-expert users
received higher innovativeness scores with the toolkit
than with physical product modeling. The mean of
the innovativeness for non-expert users in the physi-
cal product modeling approach was 3.93 and 4.21 in
the toolkit approach. By contrast, expert users scored
slightly lower with the toolkit (mean=4.22) than
with the physical modeling approach (mean=4.55).
T-tests revealed that the differences for non-expert
users are statistically significant (p=0.073) but not
for expert users (p=0.926).

5.2. Results from regression analysis

In Hypothesis 1, we suggested that the toolkit for
innovation approach would lead to more innovative
product ideas than the physical modeling approach.
The results of our regression (Model 1 and 3 —
Table 1) show a positive and statistically significant
relationship between the toolkit approach and inno-
vativeness (f=0.44; p=0.015). These findings pro-
vide statistical evidence for Hypothesis 1.

In Hypothesis 2, we expected that expert users
with prior experience in product modeling would
outperform non-expert users across both modeling
approaches in our innovation challenge. Our findings
(Model 2 and 3 — Table 1) suggest a positive and sta-
tistically significant relationship between prior experi-
ence in product modeling and innovativeness ($=0.56;
p=0.034). Therefore, we can confirm Hypothesis 2.

Toolkit for innovation

| ©

Innovativeness

Figure 5. Number of ideas per innovativeness interval.
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Figure 6. Innovativeness scores for each modeling approach and user group.

Table 1. Regression results for Hypotheses 1-3

Model 1 Model 2 Model 3
Dependent variable Innovativeness Innovativeness Innovativeness
Controls
Personal innovativeness in information 0.10 0.09 0.11
technology (0.07) (0.07) (0.07)
Innovativeness product purchase -0.02 -0.02 -0.07
(0.09) (0.09) (0.09)
Perceived product innovativeness 0.24%%* 0.20%%* 0.22%%
(0.07) (0.07) (0.07)
Psychological ownership -0.07 —-0.06 -0.06
(0.07) (0.07) (0.07)
Age 0.03 0.04 0.03
(0.03) (0.03) (0.03)
Explanatory
Toolkit for innovation approach 0.27* 0.44%+%*
(0.15) (0.18)
Experience in new product development 0.30* 0.56%%*
(0.17) (0.26)
Interaction
Toolkit for innovation X experience in new -0.54*
product development (0.30)
Intercept 2.25%%* 2.27%%* 2.1 7H%%
(0.86) (0.87) (0.88)
F-value 3.02 3.09 3.36
p-value 0.00 0.00 0.00
R 0.13 0.13 0.17
N 146 146 146

Standard errors are robust. Statistical significance is reported as ***p <0.01; **p<0.05; *p<0.1.
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In Hypothesis 3, we proposed that the lack of
experience in product modeling positively moderates
the relationship between using toolkits for innova-
tion to design products and their innovativeness. The
results of our moderation (Model 3 — Table 1) indi-
cate that the interaction of prior experience and the
toolkit modeling approach is negative and significant
(#=-0.54; p=0.068). A visualization in Figure 7
shows that the slope of the non-expert user group is
positive and steeper than the negative slope of expert
users when moving from the physical product mod-
eling to the toolkit for innovation approach. A simple

35

slope difference test reveals a positive and signifi-
cant gradient of slope for the non-expert user group
(@=0.56; p=0.034). However, there is no significant
slope gradient for the expert user group (a=0.02;
p=0.923).

To analyze this relationship in greater detail, we
conducted a sample split for non-expert and expert
users. The results in Table 2 show a positive and sig-
nificant relationship between using a toolkit for inno-
vation and non-expert users ($=0.460; p=0.011).
Moreover, we find that there is no significant rela-
tionship between using a toolkit for innovation and

2.5

Innovativeness

—— Non-expert users

--8--- Expert users

Physical product modeling

Figure 7. Interaction plot for user groups and modeling approaches.

Toolkit for innovation approach

Table 2. Subsample analysis for toolkits for innovation versus physical product modeling for non-expert and expert users

Non-expert users Expert users

Dependent variable Innovativeness Innovativeness
Controls
Personal innovativeness in information technology 0.10 0.12
(0.09) (0.10)
Innovativeness product purchase -0.06 0.03
(0.11) (0.16)
Perceived product innovativeness 0.30%%* 0.04
(0.09) (0.12)
Psychological ownership -0.12 0.02
(0.10) (0.11)
Age 0.04 0.02
(0.04) (0.08)
Explanatory
Toolkit for innovation approach 0.46%%* -0.27
(0.18) (0.26)
Intercept 1.88* 3.11%
0.97) (1.79)
F-value 3.88 0.99
p-value 0.00 0.45
R 0.19 0.1
N 100 46

Standard errors are robust. Statistical significance is reported as ***p<0.01; **p <0.05; *p<0.1.

106 R&D Management 54, 1, 2024

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.

85U80|7 SUOWIWIOD BAIIER.D 8|qel(dde 8Ly Aq pausenob aJe Ssppie YO ‘8sn JO Sa|nJ Joj Areiq18UlUO A1 UO (SUOIPUOD-PUR-SLUBIALI0D" A8 |1 Alelq | [eul|UO//:SdNL) SUORIPUOD PUe SWws 1 8y} 89S *[¥202/50/20] U0 A%elqiauliuo A8|IM ‘Seied JO AisieAlun AQ Zy9zT Wpel/TTTT 0T/I0p/wo0 A8 |im Aiq Bl uo//sdny wo.y pepeoumod ‘T ‘v20Z ‘0TE6L9YT



expert users (f=-0.274; p=0.294). Therefore, we
have to partially reject Hypothesis 3.

6. Discussion

6.1. Discussion of results

Our study found that the toolkit for innovation
approach leads to more innovative product ideas
than physical product modeling, which is consis-
tent with previous research (von Hippel, 2005;
Magnusson, 2009). Toolkits for innovation offer
advantages such as limitless possibilities, module
libraries, and translation for production, making
them a better option for integrating non-expert users
in the new product development process.

Expert users design more innovative product ideas
than non-expert users, but relying solely on internal
design professionals may limit a company’s capac-
ity to find innovative solutions (Helfat, 1994; Elia
et al., 2020). Our study shows that expert users with
experience in designing new products and manufac-
turing them, and knowledge of efficient processes for
ideation, idea screening, and rapid prototyping are
more likely to generate innovative product ideas (von
Hippel, 2005; Marion and Fixson, 2021).

Non-expert users develop more innovative prod-
uct ideas with toolkits for innovation than with
physical modeling approaches but may experience
higher levels of stress (Teresko, 1994; Huffman and
Kahn, 1998; Friesen, 2001). Sixty-four percent of the
non-expert users who employed a toolkit for innova-
tion in our innovation challenge said afterward that
it would have been easier for them to use a physical
product modeling approach.

Our findings suggest that the toolkit approach
empowers users without experience in product
design or technical knowledge to create products
that fit their needs but may overwhelm users with too
many design choices and lead to confusion.

6.2. Contribution to research

Our findings contribute to the literature on user
innovation and toolkits for innovation in three ways.
First, we demonstrate that digital innovation toolkits
can enhance new product development by efficiently
converting users’ solution information into a proto-
type, even though individual experience serves as
an important boundary condition for their effective-
ness (Rindfleisch et al., 2017; Opland et al., 2022).
Non-expert users without experience in new product
development were able to increase the quality of their
product ideas through the application of a toolkit

Toolkits for innovation

over physical modeling. The toolkit approach pro-
vides users with a systematic problem-solving pro-
cess, ideation, and prototyping, leading to innovative
products and services. Additionally, we show that
innovation toolkits are dispensable for expert users
as they create equally innovative product ideas with
or without the toolKkit.

Second, we find that toolkits for innovation can
help to close the gap in the innovativeness of prod-
uct designs between non-expert and expert users in
new product development (Huesig and Endres, 2019;
Appio et al., 2021). With the growing interest in
new technologies such as additive manufactur-
ing and CAD, adopting digital applications gains
importance for companies to tap into the needs and
desires of users rather than relying solely on mar-
ket research (Rindfleisch et al., 2017; Claussen and
Halbinger, 2021). Toolkits allow firms to access
a broader range of users as sources for new prod-
uct ideas, reducing reliance on lead users and other
experts. Using a larger pool of users gives firms
access to product development for the commercial
market, as non-expert users possess the necessary
information for creating fitting products.

Third, we create an innovation toolkit that fully
meets von Hippel’s (2001) five criteria by combining
CAD and additive manufacturing software to provide
a clear connection between the user and the manu-
facturer domain. While previous toolkits — such as
customized watches (Franke and Piller, 2004), skis
(Franke et al., 2008), and security software (Franke
and von Hippel, 2003) — do not fully qualify as tool-
kits for innovation as they fail to meet von Hippel’s
five criteria of trial-and-error cycles, appropriate
solution space, user-friendliness, module libraries,
and translation of user design into production. Our
approach shows that it is not only possible to create
an innovation toolkit but also practical and very inex-
pensive (Appio et al., 2021).

6.3. Implications for practice

Our study yields several important insights for man-
agers and policymakers who seek to implement
customers and toolkits for innovation in their new
product development processes.

Managers can provide innovation toolkits to
users and encourage collaboration between users
with different levels of experience in product mod-
eling to enhance innovation (Bresciani et al., 2021).
Toolkits are especially useful for involving a large
number of people in the development of new prod-
ucts, as they help to translate intangible ideas into
products. Typically, these developments are lim-
ited to lead users; however, with the application of

© 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd. R&D Management 54, 1, 2024 107

95U8917 SUOWIWIOD SAITE81D 3|qeal|dde auy Ag peusenob afe sopie VO ‘8sN J0 S3|nJ oy Aleld 1 8U1jUO A1 UO (SUONIPUOD-PUE-SLLLIB) 0D AS 1M Ae1q 1 ]BU1|UO//:SANL) SUONIPUOD pue SWiS 1 8U1 385 *[7202/50/20] U0 A1 8uliuo AS|IM ‘Sesred JO AisieAlun AQ ZyozT Wwpel/TTTT 0T/I0p/L02" A8 | 1M Alelq 1 Bul|uo//:SAny Wwou) pepeojumoq ‘T ‘%202 ‘0TE6L9VT



Thomas Schdper, J. Nils Foege and Stephan Niiesch

a toolkit, managers can open development to the
general public and tap into much greater innovation
potential (Rindfleisch et al., 2017). We suggest that
product managers leverage the increasing acceptance
of digital technologies to boost their product devel-
opment but also pay attention to the prior knowledge
of the particular user. Most users without experience
in product design are not aware of the availability of
software that lets them create products. Most tools
are already well-developed and applicable to real use
cases. Firms can benefit from using free software
solutions for problems within the company or gen-
erating new product ideas without investing a lot of
money or time. The adoption of these technologies
can enable firms to digitally integrate users in a scal-
able approach (Rindfleisch et al., 2017). They can
also offer training and support to help users employ
innovation toolkits effectively and promote a culture
of innovation within their organizations by recog-
nizing and rewarding innovative ideas, encouraging
experimentation, and providing a supportive environ-
ment that fosters creativity and innovation (Huesig
and Endres, 2019; Di Vaio et al., 2021).

Policymakers can incorporate the use of innovation
toolkits in education and training programs to equip
individuals with the skills and knowledge required to
develop innovative products (Appio et al., 2021). They
can also provide support and resources to organiza-
tions that use innovation toolkits, such as funding for
research and development and access to technology
and other resources that facilitate innovation. Another
implication for policymakers is the establishment of
innovation labs that integrate toolkits for innovation
or other digital tools. They can provide support and
resources to establish the lab, such as funding, space,
and access to technology and other resources. These
labs provide a platform for cross-sectoral collabora-
tion, experimentation, and prototyping, which can
lead to the development of innovative products, ser-
vices, and business models.

6.4. Limitations and future research

Our study has some limitations that provide fertile
ground for future research. First, we used an exper-
imental setting to analyze the effectiveness of tool-
kits for innovation in new product development.
Within this setting, users were provided with all the
necessary equipment and tools to complete the task.
In real-world scenarios, users might apply different
approaches to problem-solving, including other tech-
nologies. Future research could attempt to move this
experimental environment into the real world and
observe how users act and cope with the different
methods in innovation challenges.
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Second, the task to create an innovative drink-
ing vessel may differ from reality, as such generic
challenges may not apply to developing specific
innovative products. Moreover, we used a low-tech
scenario, which varies from reality. Firms often draw
on users to develop new technologies or high-tech
products. This predefined task constrains the gener-
alizability of our findings. Researchers could exam-
ine the effect of tasks with different complexities and
compare the results. Especially for high-technology
tasks, it would be interesting to examine the differ-
ences between novice and experienced users and dig-
ital and physical product modeling.

Third, as part of our experiment, we compared
physical and digital product modeling. While we tried
to make it as comparable as possible with screen-
shots and the same presentation, unintended dif-
ferences between approaches cannot be fully ruled
out. Participants or evaluators may prefer the digital
approach and regard the physical approach as outdated
and unimpressive. Future research could concentrate
on one of the two approaches and investigate different
toolkits or user groups within the same approach.

Fourth, we developed a novel innovation toolkit
using only two software programs. While these pro-
grams were carefully selected based on their suit-
ability for the research questions, it is important to
acknowledge that there are numerous other software
options available. Other software could have offered
different foci and possibilities in the development
of the innovation toolkit. For instance, software like
SolidWorks and AutoCAD provide more focus on
3D modeling and prototyping in the development,
whereas Figma and Adobe XD emphasize user inter-
face and experience design. Future research should
explore different software options to create a more
diverse range of innovation toolkits, propose alterna-
tive innovation toolkits, or benchmark different tool-
kit configurations and options. This would enable a
more comprehensive understanding of the potential
of various software combinations and provide a basis
for the development of innovative new tools.

Finally, users and evaluators may be biased due to
cultural differences or personal preferences. Future
research could investigate how different cultures
or personal preferences influence the new product
development process or the evaluation of product
ideas.

7. Conclusion
Toolkits for innovation offer various benefits for

companies and users by directly providing firms
with solution information to users’ needs and
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enabling users to translate their solution informa-
tion into a new product. Von Hippel (2001) empha-
sizes that not only expert users should be able to
use toolkits for innovation but also non-expert
users. We created a toolkit for innovation and con-
ducted an innovation challenge, showing that non-
expert users can leverage the benefits of toolkits
for innovation. However, expert users do not cre-
ate significantly better product ideas when using
a toolkit for innovation, demonstrating that tool-
kits for innovation are a solution for transferring
solution information and for closing the design gap
between non-expert and expert users.
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APPENDIX A
Life H,O

Life H,O combines an ordinary drinking bottle with the so-called Life Straw. The cap can be unscrewed and a customized
version of the Life Straw can be found on its bottom side. It filters 99.9% of all bacteria and impurities from water. This is
especially beneficial for third-world countries as contaminated water can be drunk without health concerns. One life straw
is sufficient for the consumption of several thousand liters of water and can be easily exchanged.

Most Innovative Idea, Toolkit for Innovation Modeling, Non-Expert User, Innovativeness Score: 5.30

Figure A1. Examples of product ideas created with a toolkit for innovation or physical product modeling. [Colour figure can be viewed
at wileyonlinelibrary.com]

112 R&D Management 54, 1, 2024 © 2023 The Authors. R&D Management published by RADMA and John Wiley & Sons Ltd.

95U8917 SUOWIWIOD SAITE81D 3|qeal|dde auy Ag peusenob afe sopie VO ‘8sN J0 S3|nJ oy Aleld 1 8U1jUO A1 UO (SUONIPUOD-PUE-SLLLIB) 0D AS 1M Ae1q 1 ]BU1|UO//:SANL) SUONIPUOD pue SWiS 1 8U1 385 *[7202/50/20] U0 A1 8uliuo AS|IM ‘Sesred JO AisieAlun AQ ZyozT Wwpel/TTTT 0T/I0p/L02" A8 | 1M Alelq 1 Bul|uo//:SAny Wwou) pepeojumoq ‘T ‘%202 ‘0TE6L9VT


https://onlinelibrary.wiley.com/

Toolkits for innovation

KeepltWarm

The mug is made of aluminum, the ring made of silicone (available in different colors), and the base made of plastic with
an induction coil and a USB port. Due to the USB-powered heating coil, the coffee, tea, or hot chocolate always stays

warm.

Second Most Innovative Idea, Toolkit for Innovation Modeling, Non-Expert User, Innovativeness Score: 5.17

Figure A1. (Continued)
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The Hot Experience

You usually drink tea or coffee while you are working or relaxing. If the drinks are freshly prepared, you might burn your
tongue. If the coffee or tea is still too hot, the handle turns red. If it is the right temperature to drink, the handle turns green
(color gradient: red (too hot) - green (warm) - blue (cold)). You can perfectly enjoy your drink with “the hot experience”
without burning your tongue.

Third Most Innovative Idea, Toolkit for Innovation Modeling, Expert User, Innovativeness Score: 4.96

Figure A1. (Continued)
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StableCup
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The cup is primarily designed for Parkinson’s patients as they have problems with holding vessels without spilling.

Idea: Adapt stabilizer technology from camera systems or gimbals to stabilize the vessel so that the shaking of the hands
can be compensated.

Functions: Stabilization of the drinking vessel, heat indicator for liquids with color gradient, water resistance, chargeable
via USB port, on/off button on the handle

Most Innovative Idea, Physical Product Modeling, Non-Expert User, Innovativeness Score: 5.91

Figure A1. (Continued)
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Drink Fun

N S
(

The aim of the product is to make it easier for parents to give medicine to their children. This is especially interesting for
children who have a serious illness and therefore need to take medicine daily. To fill the vessel, remove the cap and
make sure that the ball lies on the sealing ring at the bottom. First, the child puts the transparent straw in the mouth and
sees the ball in the liquid. Second, the child must blow through the straw until the ball touches the cap and gets stuck
due to a magnetic plate. Children are interested in this game because it is usually forbidden to make bubbles in their
drinks. Finally, the liquid can be drunk by sucking on the straw. It should combine the unpleasant drinking of medicine
with fun.

Second Most Innovative Idea, Physical Product Modeling, Expert User, Innovativeness Score: 5.71

Figure A1. (Continued)
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Drinking Reminder
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The daily fluid intake is a major problem for older people, especially for patients with Alzheimer’s. The nursing staff is
not able to check the fluid intake constantly. The Drinking Reminder measures the amount of water which is left in the
bottle and reminds to drink at regular intervals. This is done with a LED light, which attracts attention by slowly
flashing. The Drinking Reminder is connected via Wi-Fi to the care center, which is warned if not enough water is
consumed. The bottle can also be filled with other liquids such as soup or food replacement products that support food
intake. The battery can be easily charged. The bottles can be washed in the dishwasher and have an automatic night
mode.

Third Most Innovative Idea, Physical Product Modeling, Expert User, Innovativeness Score: 5.58

Figure A1. (Continued)
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