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Abstract

The paper suggests an assessment tool for production innovation, a way of assessing innovation aspects in
production development projects. The tool captures innovation as “new and value-added change of a production
related activity”. The tool was tested through a questionnaire survey sent to 30 research and innovation (R&I)
projects funded by the Swedish Strategic Innovation Program Produktion2030, involving research institutions and
industrial organizations. Results point at a varied distribution programme impact through resulting change activities.
Identified areas for innovation were materials, decision support, tools, methods, and solutions estimated as new to
industry and to the global business community.
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1. Introduction

The global manufacturing industry is undergoing a rapid shift from mainly manufacturing goods to satisfying
ever increasing and varying needs of customers. For example, services and software are to a higher degree related to
the physical products [1], and user experience is highlighted and valorized [2]. The change is on one hand driven by
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global competition with low cost production nations, low cost for goods transportation and information flow, and
new technological possibilities (such as 3D printing and mass customization, e.g. [3]). On the other hand, there is a
hunt for better margins. This shift takes place while facing significant challenges to convert industry to be more
environmentally neutral (e.g. [4,5]). To address these challenges, a climate for innovation and well-developed
abilities to industrialize new innovations is required.

Sweden has a long tradition of high-quality production, but need to constantly improve both innovativeness and
efficiency to stay at this position. Competitiveness for Swedish industry in the long term is depending on innovation,
high tech solutions and excellent environmental conditions, instead of low wages and un-prioritized workplace
quality or environment-friendliness. At the same time, the innovation support system in Sweden has so far mainly
focused on product innovation and business development. Seemingly taken for granted, production has previously
rarely been regarded as an area to develop and support, except internally at the manufacturing firms, and were not
often highlighted as Swedish strengths to lean on for future competitiveness. However, the increasing demand for
innovative industry recently have generated the strategic innovation program Produktion2030 in Sweden, an
initiative in coherence with similar initiatives around Europe, Japan and the US (e.g. Industrie 4.0 in Germany or the
American AMI — Advanced Manufacturing Initiative). The objective of Produktion2030 is to ensure that Sweden
remains to be a competitive production country [6]. One instrument to fulfil the objective is through Research and
Innovation (R&I) projects and Test and demonstration projects. The projects within Produktion2030 are
collaborative projects including several actors from industry, academia and research institutes. Focus has been on
both early and more mature knowledge phases. Within the program, it is important to highlight and assess
production innovation resulting from the projects to support investments, development and increased value in a
production system. A production innovation can be viewed as a “new and value-added change of a production
related activity”, e.g. improved processes, better communication tools, simulation tools etc.

This paper presents a production innovation assessment tool with the purpose of highlighting, measuring and
exemplifying innovation in production. The tool introduces a way of assessing innovation aspects in production
development projects (ongoing as well as in retrospect), but also provides a learning opportunity during the
assessment itself. The development of the tool is based on innovation measurement and assessment literature and
pilot case studies of production innovation projects in different organizations. Results from first testing of the tool is
also presented to show how the assessment tool can fulfil its purpose. With increased awareness and knowledge of
production innovation we can understand its importance today and in the future, and the interest in industrial
development, investments in production innovation and efforts in recruitment of young talents can be increased.

2. Assessment of innovation

Innovation can be described as: “the implementation of a new or significantly improved product (good or
service), or process, a new marketing method, or a new organizational method in business practices, workplace
organization or external relations.” [7]. This definition implies that innovation encompasses a degree of novelty
and/or improvement and also a completion of a process of change, i.e. implementation.

The success of an innovation project is difficult to define and measure since it is multi-faceted and strongly
depends on the expected output [8,9]. There are various approaches to assessment and measurement of innovation,
much dependent on the purpose. One way of approaching assessment is through separating the different stages of
the innovation process. Some categorizations or assessments are done with regards to the intention or the initial state
before development starts, e.g. innovation bias [10] or link to the life-cycle [11]. Other assessments are directed
toward the development project, e.g. through ongoing evaluation (e.g. [12]) or success measures (e.g. [13,14]).
Project performance in general can also be measured through e.g. time, cost, and process quality [15].

For the purpose of increasing the knowledge about production innovation to understand its importance, focus in
the development of the assessment tool has been on the outcome and value creation parts. Outcomes of innovation
can be characterized based on the type of change [16,17], and level of change in terms of amplitude and diffusion
(e.g. [10,16,18]). Since diffusion is a time-dependent phenomenon, it can be valuable to assess diffusion based on
factors influencing it [19], hence the potential for diffusion rather than the actual diffusion itself.

The effects of process improvement efforts can be gauged by various process performance indicators [20].
Another approach for assessment of effects of innovation in production is an adjustment of market performance
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dimensions, e.g. sales, profitability, market share [15], originating from product innovation literature. As production
innovations are directed towards a production system rather than a receiving market, the market performance
dimension can be translated into e.g (level of) use in production systems, unit cost of manufacture, manufacturing
cost as percent of sales or inventory turnover [17]. An overview of literature embracing different aspects of
assessment of innovation outcome and value is presented in Appendix A.

3. Production innovation assessment tool

The assessment tool for production innovation proposed in this paper constitutes of four parts; categorization of
type of change, degree of novelty, value creation and implementation potential. The three latter ones are based on
the constituting elements of innovation. Each part is described in the following sections.

3.1. Type of change

Production innovations can be changes in various sub-systems of the production systems: human, technology,
information and/or management [21] or most often in a combination of them. To categorize the outcomes, a list of
outcome types was produced based on literature and pilot cases. From interviews with managers at manufacturing
firms, Schroeder et al. [17] draw up a list of types of new ideas in manufacturing, e.g. new management, control
system, products or processes and material substitution or improvements. Yamamoto and Bellgran [16] separate
between structural and infrastructural changes in their classification of manufacturing process innovation. Structural
changes being e.g. changes in capacity of a factory or technology used in it, and infrastructural changes being e.g.
changes in production control system, material flow, or organization.

Outcome types used in questionnaire are presented in Table 1. As it is difficult to make a comprehensible list that
encompasses all possible production innovation, the possibility to choose “other” and add a comment on the type of
outcome was added in the questionnaire.

Table 1. Explanations of outcomes types used in questionnaire.

Type of outcome Explanation

Decision support Information handling that supports business or organizational decision-
making activities

Material New or changed material and/or handling of material in production

Method A procedure, technique, or way of doing something, in accordance with a
definite plan

Process A series of actions or steps taken in order to achieve a certain goal

System for quality control System for review of the quality of factors involved in production

Technology Knowledge that deals with the creation and use of technical means and their

interrelation with life, society, and the environment
Tool An instrument used in performing an activity

Other Specified separately in comments

3.2. Degree of novelty

Novelty is maybe the most recognized aspect of innovation, to be innovative is often more or less considered the
same as being able to create and think new. The degree of novelty is in this assessment tool portrayed using the
relation of the solution to previous knowledge, i.e. how big is the leap from existing solutions, and for how many
this solution is new (individual, organization, industry, world). The relation to previous knowledge is measured
along a scale from completely competence-enhancing to completely competence-destroying. Competence-enhancing
innovation builds upon and reinforces existing competencies, skills, and know-how while competence-destroying
innovation obsolesces and overturns existing competencies, skills, and know-how [18].
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3.3. Value creation

The performance of a production system is frequently assessed in terms of parameters like productivity,
efficiency, cost, quality, and time [21]. The effects of process improvement efforts can be gauged by various process
performance indicators — common categories are cost, time, quality, or flexibility [20]. However, as sustainability is
increasingly winning grounds in the spotlight, the different pillars of social, economic and environmental
sustainability also increasingly become target measures for improvement efforts. Therefore, the value creation of
production innovation is assessed using parameters of production system performance, process improvement effects
and sustainability, presented in Table 2.

Table 2. Value creation parameters used in questionnaire.

Value creation parameters Explanation

Cost The cost of material, labor, and other resources to produce a product
Time Time of a production related action or process

Quality The level of performance and conformance to requirements
Environmental effects Effects on the ecological capital, such as natural resources and eco-

systematic functions

Social effects Effects on social capital, such as human capital and societal capital

Economic effects Effects on economic capital, such as tangible assets and equity

3.4. Potential for implementation

Implementation involve activities that occur between an adoption commitment and when the innovation cease to
be new, is routine, or is abandoned [22]. The implementation process is affected by the characteristics of the
supplier/seller as well as characteristics of the recipient/buyer and the interface between the two [23], but the
technological fit in terms of familiarity and critical importance of the innovation will also have a major influence
[23]. Five characteristics of an innovation are found to explain a large portion of the acceptance of it; relative
advantage, compatibility, complexity, trialability and observability [19], see Table 3 for descriptions.

Table 3. Innovation characteristics explaining implementation [19].

Characteristics Explanation

Relative advantage the degree to which the innovation is perceived as better than the
preceding solution

Compatibility the fit and consistency with existing skills, practices, values, norms etc.

Complexity the degree of difficulty to understand and/or use the innovation

Trialability the possibilities to experiment with the innovation

Observability the degree to which the results of the innovation are visible to others

Assessment of the degree to which an innovation comply with these characteristics will in advance give an idea
of its potential for successful implementation. The knowledge of the level of compliance to the characteristics
during an ongoing project might also influence the upcoming implementation positively as these aspects can be
considered during development.

4. Initial results from production innovation assessment of Produktion2030 R&I projects

The tool was tested through a questionnaire survey sent to 30 R&I projects within Produktion2030 during spring
2016. The research and development projects in this program are collaborative projects including several actors
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from industry, academia and research institutes, but the questionnaire was directed toward project managers as they
were thought to have the complete picture of the project. It was sent out as a web link via email to the respondents.
Responses were collected from all 30 projects available in the program at the time of the study. The questionnaire
consists of a main section with questions regarding general project information and subsections where results from
the project was assessed separately, in terms of novelty, value creation, and potential for implementation.

Results point at a varied distribution program impact through resulting change activities. Identified types of
change are presented in Table 4. As some projects delivered and assessed more than one result, the number of
results assessed is larger than the number of projects.

Table 4. Type of changes in Produktion2030 R&I projects, n=36.

Type Number of results in Percent of total
category
Decision support 5 13,9%
Material 3 8,3%
Method 10 27,8%
Process 3 8,3%
System for quality control 3 8,3%
Technology 5 13,9%
Tool 3 8,3%
Other* 4 11,1%

*QOther include: knowledge, production system, test/evaluation, system

The projects results were estimated to be new to industry and/or to the global business community and had a
normal distribution on the axis of competence-enhancing vs. competence-destroying, with a slight shift of the mean
value towards competence-destroying (Fig. 3). Hence, results in the R&I projects were assessed to be quite novel,
with leaps in knowledge and new to the “masses”, which can be captured in the assessment tool.

The value parameters of cost, time and quality collected the highest number of answers, which were expected as
these are the traditional production performance parameters most improvement efforts aim to improve. However,
both economic and environmental effects were also mentioned as effects in many of the projects, indicating
significance for value parameters other than the traditional production and process performance measures. Fig. 4
shows the effects from the projects on the different value parameters.
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Fig. 3. Distribution of relation to previous knowledge (1=completely Fig. 4. Value creation in R&I projects, n=134.
competence-enhancing, 7=completely competence-destroying), n=33.
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The potential for implementation was regarded quite high in the projects, with trialability ranked highest and non-
complexity and compatibility ranked lowest (see Fig. 5), which is in line with the results showing a high degree of
competence-destroying innovation.
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Fig. 5. Potential for implementation (1=Do not agree, 7=Fully agree), n=35.
5. Concluding remarks and future work

The initial testing of the assessment tool in 30 R&I projects in Produktion2030 show that this tool is a useful help
in highlighting and assessing production innovation with its main constituting parts; novelty, value creation and
implementation, and also exemplifies what production innovation is about. The types of outcomes chosen for the
questionnaire seem to cover most outcomes from the projects, with only a few exceptions where comments were
added from the respondents, and the same goes for value creation parameters. The implementation potential section
also addresses an important part of innovation which is sometimes not considered to the same extent as the other;
novelty and value creation. The different sections of the assessment tool function both as assessment of a project’s
(expected and actual) results e.g. for project selection and prioritization, but also as a learning opportunity. By
realizing strengths and weaknesses in a project, efforts can be directed to fulfilling the important aspects in realizing
innovation; novelty, implementation, value creation. As the tool is based on self-assessment, it involves a risk of
positive bias in the results. In using the assessment perspective of the tool, this risk needs to be considered like for
most other input to the project selection and prioritization.

The assessment tool may need further development as production develops and changes in character and
objectives. This especially concerns the categorization of outcomes and value creation parameters as these are
selected based upon the current situation and the future in sight. Moreover, although the tool is designed to be
simple and easy to use, this also implicates a very selective content. Therefore, it could also be interesting to
incorporate more aspects and details in the tool to try out and see how far this could be stretched without losing the
desired ease of use.
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Appendix A. Literature overview - assessment of innovation outcome and value

Build on existing
competencies

Destroy existing
competencies

Production capacity

Incremental
Plant network design Radical
Structured -
Production technology New / Existing users
Vertical integration New / Existing offerings -

HR

Production
planning/control

i
’;
i
H
i
i
i
H
H
i
Quality control \X
i
Cost control Infrastructured \\ i
i 3
kY
Material control \ A
A
Y

Maintenance

i
i
i
i Cost
i\ i
i
‘\ § Time
Organization kY H
i
\\ i Quality
Locally innovative !‘} % Fi
v i
Radically innovative \ { i
Trialability k) 3}
A
e ki
Ob: bill i
Product innovativeness servability “3 i Manufacturing cost as
i } percent of sales
Radicalness Relative advantage ‘\§!
i .
(discontinuous) ‘5‘ nl::rl:uzzt‘u‘:z
Complexity %
Newness to firm [o) Productivit
Compatibility utcome Yy
Technical content ] .
i Service levels
i
Newness to market j
i Inventory turnover
Newness of technology j -
i Flexibility
i
Newness to customer ;
i
H
Product uniqueness } Internal effect
i
i
Product (superiority) ji 1st external
i’ effect (customer)
Synergy (fit) ;
F) 2nd external
Product/market fit New management 3’ effect (public)
i
i
Marketing task similarity New control system i
i
i
Product complexity ’;fv;rz:;‘;:?: i
Development .
complexity Age of equipment
Profit
Product type improvement/cost
reduction

Material substitutions
or improvements

Number/cost of failures



Lisa Larsson et al. / Procedia Manufacturing 25 (2018) 134-141 141

References

[1] A. Tukker and U. Tischner, New business for old Europe: Product-service development, competitiveness and sustainability. Greenleaf,
Sheffield, 2006.

[2] E.von Hippel, Democratizing innovation. Cambridge, MA: MIT Press, 2005.

[3] C. Anderson, Makers: The New Industrial Revolution. New York: Crown Business, 2012.

[4] O.Mont and A. Tukker, Product-Service Systems: reviewing achievements and refining the research agenda, Journal of Cleaner Production,
14, (2006) 1451-1454 (editorial).

[5] E. Sundin and B. Bras, Making Functional Sales Environmentally and Economically Beneficial through Product Remanufacturing. Journal

of Cleaner Production, 13(9), (2005) 913-925.

] Produktion2030 [online], (n.d.) Retrieved December 20, 2017, from: http://www.produktion2030.se.

] OECD/Eurostat, Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data. (3rd Edition), OECD Publishing, Paris, 2005.
[8] R. G. Cooper and E. J. Kleinschmidt, Success factors in product innovation. Industrial Marketing Management, 16(3), (1987) 215-223.
1 A. Griffin and A. L. Page, PDMA success measurement project: recommended measures for product development success and failure,

Journal of Product Innovation Management, 13(6), (1996) 478-496.

[10]R. Jacoby and D. Rodriguez, Innovation, growth, and getting to where you want to go. Design Management Review, 18(1), (2007) 10-15.

[11]G. A. Moore, Darwin and the demon: innovating within established enterprises. Harvard Business Review, 82(7-8), (2004) 86-92.

[12]J. D. Linton, S. T. Walsh, J. Morabito, Analysis, ranking and selection of R&D projects in a portfolio. R&D Management, 32(2), (2002) 139-
148.

[13]H. Ernst, Success factors of new product development: a review of the empirical literature. International Journal of Management Reviews,
4(1), (2002) 1-40.

[14]J. Pinto and D. Slevin, Project success: definitions and measurement techniques. Project Management Journal, 19(1), (1988) 67-73.

[15]K. Atuahene-Gima, An exploratory analysis of the impact of market orientation on new product performance a contingency approach.
Journal of Product Innovation Management, 12(4), (1995) 275-293.

[16]Y. Yamamoto and M. Bellgran, Four types of manufacturing process innovation and their managerial concerns. Procedia CIRP, 7 (2013)
479-484.

[17]R. G. Schroeder, G. D. Scudder, D. R. Elm, Innovation in manufacturing. Journal of Operations Management, 8(1), (1989) 1-15.

[18]H. Gatignon, M.L. Tushman, W. Smith, P. Anderson, A Structural Approach to Assessing Innovation: Construct Development of Innovation
Locus, Type, and Characteristics. Management Science, 48(9), (2002) 1103-1122.

[19]E. M. Rogers, Diffusion of Innovation. Free Press, New York, 2003.

[20]H. A. Reijers and S. Limam Mansar, Best practices in business process redesign: an overview and qualitative evaluation of successful
redesign heuristics. Omega, 33, (2005) 283-306.

[21]M. Bellgran, and K. Safsten. Production development: Design and operation of production systems. New York, Springer-Verlag, 2010.

[22] J. D. Linton, Implementation research: state of the art and future directions. Technovation, 22(2), (2002) 65-79.

[23]P. W. Meyers, K. Sivakumar, C. Nakata, Implementation of industrial process innovations: factors, effects, and marketing implications.
Journal of Product Innovation Management, 16(3), (1999) 295-311.

[24]R. Garcia and R. Calantone, A critical look at technological innovation typology and innovativeness terminology: a literature review. Journal
of product innovation management, 19, (2002), 110-132.

[25]K. Moller, K. Bizer, L. Kruger, M. Kubach, Prospects of sustainability-oriented innovation assessment. International journal of sustainable
economy, 6(1), (2014) 64-81.

—



