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A survey of perceived prevalence of selected environmental 
topics in product development, and their relationships with 
employee’s ecological concern 
 

Abstract 
Activities to advance circular economy are accelerating, and ecodesign has been 
mentioned as a necessary ingredient for their success. These activities might be 
further accelerated with more shared understanding of the related terminology. Many 
of these suggested activities take place in companies’ product development where 
employees should implement them, including that of ecodesign. Employees’ 
interpretation of enhancing practices are assumed critical in supporting the 
implementation. A survey using a judgmental nonprobability sampling is used to 
assess the perceived level of selected environmental topics in the product 
development contexts, and how these are associated with perceived ecodesign 
practices in product development. One focus is on how the perceived durability 
considerations might be linked with these practices. Furthermore, the paper 
contributes to the discussion on the soft-side of ecodesign by examining how one 
human factor - ecological concern - might be associated with these perceived 
activities.  

Highlights 
• Empirical study deepens insights within the soft-side of ecodesign 
• Durability considerations do not correlate with lifecycle thinking  
• Ecological concern correlates with perceived level of few ecodesign practice 
• Ecological concern and durability correlate with each other 

Keywords 
Ecodesign, durability, ecological concern, circular economy, product development 

1. Introduction 
 
In recent years circular economy has emerged as an umbrella concept to debate 
potential options for more sustainable futures for societies (Blomsma and Brennan, 
2017; European Commission, 2018a). In the circular economy debates, the central 
idea is to keep both products and materials in the circle for as long as possible in order 
to retain their value added. Although the concept may first sound compelling, 
concept’s fully realization has been questioned among others due to concept’s 
association with cradle-to-cradle concept and perception of unlimited growth if it 
were fully realized (Bjørn and Hauschild, 2013; Hauschild, 2015). Concept has also 
been challenged for its measurement hurdles (European Commission, 2018a, 2018b; 
Haas et al., 2015), and by indeed its realization necessitating fundamental changes for 
the underlying logic of conducting business (European Environment Agency, 2017; 
Stahel, 2016). 
 
Notwithstanding, various concerted efforts are under way. In European Union (EU) 
level, a recent circular economy roadmap is closely linked with job creation, and 
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innovation after initial focus on concept’s environmental aspects only (European 
Commission, 2018a, 2017). This coincides with Stahel (2016) who pointed out the 
need for more manpower as a result of more circular use of resources in 1970’s. 
Similarly, Sitra, a Finnish government think tank, has helped to establish a road map 
endorsed by Finnish parliament towards a circular economy not only spearheading in 
environment, but also in innovation and job creation (SITRA, 2016).  
 
In these macro-level discussions, ecodesign has been raised as one way to enhance 
path toward circular economy, and more binding measures seem to be emerging in the 
European level (European Commission, 2018c). Indeed, it would be necessary to 
engage companies in the meso-level to make their value chains circular; including 
that of applying ecodesign. The product development in this paper is understood 
broadly as both the managerial and operational practices and processes that are 
needed to bring an idea into a form ready for sale (Ulrich and Eppinger, 2012). And 
with eco-design it is meant that environmental considerations are explicitly taken into 
account within these practices and processes considering the lifecycle of the product 
(Hauschild et al., 2005; Pigosso et al., 2013; Rousseaux et al., 2017).  
 
Considering the above, ecodesign seems to fit with the circular economy ambitions; 
yet bringing these ambitions into practices and processes is not easy. Among others, 
Stahel (2016) reminds that indeed the aforementioned two circularities - products and 
materials - yield fundamentally different business models; and hence, they would lead 
to different implementation approaches towards the circular economy (Fig.1.). A 
different impetus would be provided to the product development if it were explicitly 
chosen to seek value in material instead of product circularity (European Environment 
Agency, 2017, p.23-24). Thus, the underlying reasons to potentially pursue ambitions 
towards circular economy should be carefully assessed to find a shared understanding 
also in the context of product development (cf. The British Standards Institution, 
2017).   
 
<<<INSERT FIGURE 1 HERE>>> 
 
Furthermore, research shows that there remains room for improvement in 
implementing ecodesign in practice despite more than two decades of abundant, and 
solution-driven research (Baumann et al., 2002; Bey et al., 2013; Deutz et al., 2013; 
Johansson, 2002; Rousseaux et al., 2017; Short et al., 2012; Sihvonen and Partanen, 
2016). However, discussion differs about what should be implemented and to what 
extent it should be implemented in order to classify as adequately implemented, 
although the role of early product development phases are considered pivotal (Boks 
and Stevels, 2003; Dekoninck et al., 2016; Lindahl, 2005; McAloone et al., 1998; The 
British Standards Institution, 2017). For example, one French study (ADEME, 2010; 
Rousseaux et al., 2017) reports that while one in five companies applied structured 
ecodesign practices for all their products, an additional 13 percent were in progress of 
doing so. But, a further 22 percent of companies did not consider it relevant and 
further 16 percent did not feel being concerned as they did not develop product 
themselves. Another study from all European countries reports that while on average 
49 percent of larger companies claim to offer green products or services, only 24 
percent from the Small and Medium sized enterprises (SME) are reporting the same. 
In addition, 63 percent of SMEs are not even planning to do so in the next two years 
(TNS political & social, 2018). In the context of this research: approximately half the 
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Finnish SMEs (53%) are not planning to offer green products or services during the 
next two years, while almost forty percent (38 %) are already offering them (ibid.).  
  
Thus, despite progress being made, more is needed to advance ecodesign further 
within companies’ product development. One approach could be to better understand 
the role of human factors in the micro-level (Boks, 2006; Brones and Monteiro de 
Carvalho, 2015; Dekoninck et al., 2016; Stevels, 2016, p.45). These human factors 
within soft-side of ecodesign have been raised as an intriguing, yet an emerging topic 
(Boks, 2006; Brones and Monteiro de Carvalho, 2015; Dekoninck et al., 2016; 
Stevels, 2016, p.76). So far, research into human factors have approached them from 
the company point of the view, and less from the individual level (Brones et al., 
2017). The attempt in this paper is to fill this void by focusing on one human factor: 
ecological concern of employees working with product development. Ecological 
concern, or New Ecological Paradigm (NEP)(Dunlap et al., 2000), has been 
extensively used in the field of environmental sociology to examine the ways in 
which it may be linked with values, attitudes or behaviors (see reviews Dunlap et al. 
(2000), Hawcroft and Milfont (2010)). In recent years, research into examination of 
NEP’s potentiality to have an impact also within organizations have gained more 
interest (Jansson et al., 2017; Lau et al., 2016). However, to our knowledge, no 
published studies on NEP exist among people working with product development, 
apart from Sihvonen and Partanen (2016).     
 
The research objective in this paper is to examine employees working with product 
development in order to determine to what extent they perceive that environmental 
considerations are embedded in their respective product development contexts. 
Secondly, it is examined to what extent one human factor, ecological concern, may be 
related to these perceptions. 
 
This research contributes to the knowledge by studying quantitatively the prevalence 
of selected environmental topics in the product development. For instance, the 
discussion on durability is expanded by these results. This research details further one 
human factor within soft-side of ecodesign and examines the ways this may be 
associated with the perceived extent of ecodesign practices, and these environmental 
topics. To do so, an established quantitative measurement from environmental 
sociology domain, with plentiful published results among civil society, students and 
citizens, is tested in the product development context (Dunlap et al., 2000; Hawcroft 
and Milfont, 2010). The study extends the results from the overall level of 
environmental considerations in product development practices reported earlier in 
Sihvonen and Partanen (2016) by analyzing further the measure to assess ecological 
concern, and by reporting the results from the perceived prevalence of selected 
environmental topics.  
 
The remainder of this paper is structured as follows. Background chapter discusses 
examined topics using classic causas to frame discussion. This is followed by chapter 
on research methodology continuing then to report results from the survey. Paper ends 
with first discussing results reflecting literature, limitations, and then providing 
concluding remarks including contribution to the knowledge, and ideas for further 
research.  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 4

2. Background 
 
Various approaches are called for to advance discussion on ecodesign (Boks and 
McAloone, 2009). Discussion in this paper is organized around classic causas to 
contextualize the emergence of Voice of the Environment for the Circular Economy 
(adapted from (Hart and Dowell, 2011). Classic causas by Aristotle allow 
approaching a given topic from four perspectives: causa finalis, causa formalis, causa 
materialis, causa efficiencis (Saarinen, 1997, p.54-56). Proxies for the last two are 
examined in this paper. Examples of related research is visualized accordingly in 
Figure 2. 
 
<<< INSERT FIGURE 2 HERE >> 
 
In the context of this paper, causa finalis could be company’s sustainability strategy 
with an explicated overall approach towards circular economy discussed in the 
introduction. Then, causa formalis could be a choice from various EoL, or ReX 
(Sihvonen and Ritola, 2015), strategies available for a forthcoming product in order to 
reach the chosen causa finalis. Causa materialis could then refer to what is done to 
achieve causa formalis whereas causa efficiensis would be those actors needed to 
effectuate such doings. This chapter discusses these two starting with causa materials 
and concluding with potential determinants influencing taking action at micro- and 
meso-levels, as examples of causa efficiencis.  
 
However, before choosing causa materialis, it is argued that it would be useful to 
spend enough of time to discuss and debate about the choice for the causa formalis in 
the context of the company’s product development: prioritizing more material 
circularity over product circularity, vice versa, or something in between (Fig.1.). This 
might partly avoid dilemmas in later phases of product development (Prendeville et 
al. (2017). The need for such a discussion in the early phases of product development 
stems from the understanding that such a choice may potentially influence among 
others the business logic including the value chain structures (The British Standards 
Institution, 2017). Put it differently, according to Markides cited in  (Niinimäki, 2011, 
p.272), such a choice may change fundamentally a logic who is the customer, what 
company is selling, and indeed, who are partners with whom this is achieved. For 
example, 26 percent of Finnish SMEs are having challenges to choose between 
resource efficiency actions and that for example, reusing materials or waste within 
companies is practiced less often than on average in EU (31% vs. 42%) (TNS political 
& social, 2018).   

2.1. Selected environmental topics as causa materialis 
One iterative step needed to implement any of the chosen causa formalis is to 
consider environmental topics, and their related impacts relevant to the company 
context throughout the lifecycle of company’s products. Broadly speaking lifecycle 
could refer to only three phases: pre-use, during use, and post-use (Luttropp and 
Lagerstedt, 2006). However, this simplification undermines the length of global value 
networks, both up- and downstream, whereas it emphasizes equal importance of 
considering each phase. Namely, this may not always be the case in companies: For 
instance, interviewed SMEs in one study did not consider post-use to be their 
responsibility (Van Hemel and Cramer, 2002). On the other hand, Lansink (2014) 
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argues that specially the prevention during the pre-use might be less of interest for the 
companies.  
 
Table 1 illustrates examples of overall environmental topics, that would differ in 
details, to consider in product development. Boks and Stevels (2007) suggest 
customization in this stage due to industry, and company specific characteristics. 
Researchers argue that basically three environmental impact areas cover most of the 
environmental issues within electronics industry (ibid): potential toxicity of materials 
used, understanding the resource depletion, and amount of emissions generated. Also, 
industry-generic approaches are proposed although similarly acknowledging that 
these should be customized later. For instance, Telenko et al. (2008; 2016) argue in 
favor of positive terminology and propose to compile environmentally related topics 
by categorizing them under six strategies from developer’s perspective. 
 
<<< INSERT TABLE 1 HERE >>> 
 
Table 1. Selected examples of environmental topics supporting ecodesign implementation.  
The Ten Golden Rules (Luttropp and 
Lagerstedt, 2006) 

Six design for 
environment strategies 
grouping 76 guidelines 
(Telenko et al., 2016) 

Six operational 
strategies grouping 
35 guidelines 
(Pigosso et al. 2013) 

“1. Do not use toxic substances and 
utilize closed loops for necessary but 
toxic ones--- 
2. Minimize energy and resource 
consumption in the production phase and 
transport through improved 
housekeeping--- 
3. Use structural features and high-
quality materials to minimize weight— 
4.Minimize energy and resource 
consumption in the usage phase— 
5.Promote repair and upgrading, --- 
6.Promote long life--- 
7. Invest in better materials, surface 
treatments or structural arrangements --- 
8.Prearrange upgrading, repair and 
recycling through access ability, 
labelling--- 
9.Promote upgrading, repair and 
recycling by using few simple recycled, 
not blended materials and no alloys-- 
10.Use as few joining elements a possible 
---“ 

“A. Maximize availability 
of resources 
B. Maximize healthy 
inputs and outputs 
C. Minimize use of 
resources in production 
and transportation 
D. Minimize consumption 
of resources during 
operation 
E. Maximize technical 
and esthetic life of the 
product and components 
F. Facilitate upgrading 
and reuse of components” 

“1. Minimize energy 
consumption 
2. Minimize material 
consumption 
3. Extend material life 
span 
4. Optimize product life 
time 
5. Select low impact 
resources and processes 
6. Facilitate 
disassembly.” 

 
There exists ample amount of ecodesign guidelines, methods and tools to examine 
these environmental topics (Baumann et al., 2002; Bovea and Pérez-Belis, 2012; 
Luttropp and Lagerstedt, 2006; Peeters and Dewulf, 2012; Pigosso et al., 2013; 
Telenko et al., 2008). For example, Rousseaux et al. (2017) find almost 630 tools of 
which majority support diagnosing which environmental topics to consider and ways 
to act upon found information, whereas much fewer tools are focused on managerial 
and communication aspects. Also, Lindahl and Ekerman (2013) suggest a practical 
selection criteria for attributes in order to better choose a tool. Foremost, Lindahl 
(2005) argues that tools should be easy to use and understand, and that they should 
not take much time to learn. It is reasoned similarly that even understanding 
environmental topics should be enhanced in early product development phases in 
which little might be known about the product’s forthcoming characteristics, and 
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common language is sought for (Boks, 2006; Stevels, 2016). To provide an example, 
durability, as one potential environmental topic, is discussed next among others due to 
its existence within circular economy (Dalhammar, 2016; European Commission, 
2017, p.5) and ecodesign debates.   
 
Term durability originates from Latin through durabilis meaning ‘to last’, and durus 
‘hard’(Oxford living Dictionaries, 2017). Within ecodesign it may refer, for instance, 
to various activities that make products last longer in use from first to last beholder of 
a product (Bakker et al., 2014). One approach to categorize these activities could be to 
assess product development activities by the company creating a product, and hence 
influencing forthcoming product’s characteristics. Another approach might be to 
examine what does the user do, or not, to enhance product’s longevity in use (Brook 
Lyndhurst Ltd, 2011, p.24). Former approach is applied in this paper with a focus on 
the activities within product development.  
 
In the product development, the way durability is understood influences what key 
issues are identified to be important and how they are prioritized (Ardente et al., 2012, 
p.17). For instance, ensuring appropriate durability may be understood as activities 
aiming to ensure longevity of product’s material properties or its intended functions 
(Ardente and Mathieux, 2014). In the first circular economy framework for 
organizations, durability is defined as “maximum potential lifetime of a product, 
component or material to perform a required function under intended conditions of 
use and maintenance for a long period of time before it becomes obsolete because it 
can no longer be repaired and/or upgraded.”(The British Standards Institution, 2017, 
p.11)   
 
Durability could also be understood as emotional durability that seeks to enhance the 
person’s relationship with a product through understanding and consequently ensuring 
the dimensions of attachment and satisfaction in relationships with a product to last 
longer (Niinimäki, 2011), such as feeling good within emotional functionality 
dimension (Stevels, 2016). Example of such an attempt to increase emotional 
attachment would be, for instance, the wooden framed computer that would increase 
the tactile pleasure derived from touching the product (Fitzpatrick et al., 2014). In the 
updated categorization for ecodesign strategies, Telenko et al. (2016) have also taken 
these two ways to understand durability into account: researchers have changed 
wording from “ensure appropriate durability of products and components “ into 
“maximize technical and aesthetic life of the product and components” (Table 1). 
Researchers further add two principles under this strategy to ensure equal length of 
both technical and aesthetic durability, and also to consider ways to “increase value 
with age”. So, perhaps “brand-old” product, or a “brand-renewed” as Hood (2016) 
puts it, could be envisioned as a compelling outcome from the product development 
project instead of “brand-new” in the future?   
 
But, as mentioned earlier, contradictions may arise depending whether circularity of 
materials or products are chosen. Choosing more durable materials for extending 
longevity during product’s use might contradict the possibilities to recover materials 
later (Prendeville et al., 2017). Or, ensuring compatible material mixtures at post-use 
phase might pose challenges to the longevity during the use phase. As an example, 
Parajuly et al. (2016) demonstrate how recovery activities are hindered by un-aligned 
wire positions and incompatible materials in an emergent product category of robotic 
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vacuum cleaners. This result highlights the on-going need to continue discussing the 
issues many of which were introduced already in the 1990’s (Boks and McAloone, 
2009; Boks and Stevels, 2003; Hauschild et al., 2005; Vanegas et al., 2017).  
 
It is insightful to consult regulatory frameworks for currently agreed shared 
understanding related to overall understanding of durability dimensions. While 
lifecycle is used in the three aforementioned framework directives, durability or 
durable are words sparingly used, if at all. In the Waste Directive, durability is 
however clearly indicated to denote “technically durable”, or the most prioritized 
alternative target among alternatives for re-usable or recyclable products. Then, 
instead of durability, “extension of life time” is used in the EUP Directive. 
Interestingly, in argumentation section for the WEEE Directive term “EEE with a 
long lifecycle” is used. But, as the directive indicates lifecycle to mean several stages, 
it is not necessary clear which part of the lifecycle would be expected to be long.  
 
Moreover, Bundgaard et al. (2017) point out that durability, as part of the resource 
efficiency efforts, is not necessarily seen desirable by the industry. Researchers argue 
that it should be incorporated within regulatory spaces as otherwise industry would 
not integrate durability aspects into self-regulatory mechanisms. Authors arguments 
are based on two case studies analyzing regulatory development on imaging 
equipment and vacuum cleaners in European Union. This seems to contradict 
somewhat the findings on generic positive attitude toward durability by industry 
based on qualitative interviews in another study (Dalhammar, 2016). Another study 
finds that only 15 percent of SMEs in Finland plans to “design products that are 
easier to maintain, repair or reuse” in the next two years, whereas 23 percent are 
currently doing so (TNS political & social, 2018). On the other hand, yet another 
study finds that 30-40 percent of larger companies globally are engaged with 
extending the lifespan of their products (Ghosh et al., 2017).  
 
Two environmentally loaded topics - lifecycle and durability - are two topics assumed 
to provide profound leverage for strategies geared toward circular economy. Also, 
these two topics are usually discussed together, or even considered almost as 
intertwined as mentioned by one of our reviewer. For instance, conceptually, Pigosso 
et al. (2013) places activities to implement lifecycle thinking as an example of 
ecodesign management practices, while prolonging lifespan of material or products 
are categorized as examples of operational practices. Similarly, durability aspects 
appear to be an aspect embedded in the ecodesign guidelines targeted for people 
working in such processes (Table 1). On other hand, Tecchio et al. (2017) place 
“extend the lifetime” among the overarching policy goals for material efficiency, 
while durability is placed as a topic within the material efficiency.  
 
This section sought to explicate that discussion continues on how to categorize 
different environmental topics, such as durability, and non-exhaustive lists in Table 1 
is just one of many to this end. Next, examples are discussed on selected actors within 
product development that are needed to effectuate these causa materialis.  

2.3. Selected micro- and meso-level perspectives as causa efficiencis  
 
Micro- and meso-levels are applied to examine causa efficiencis, which are needed to 
implement the aforementioned causa materialis. This is based on understanding that 
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while individuals in micro-level implement the environmentally benign actions 
together with other members in the product development team and beyond, these 
actions may be constrained by the organizational context in the meso-level. This 
emphasizes the need to understand the ways individuals, teams, organization levels 
interact with each other to better effectuate change toward sustainability(Lozano, 
2014; Ramus and Killmer, 2007).  
 
Organizational contexts that support environmentally benign processes and practices 
in the meso-level may also be examined from various perspectives, such as 
organizational culture or change management (Ali et al., 2016; Brones et al., 2017; 
Verhulst and Boks, 2012, 2010). Building upon these, and emphasizing the process 
perspective (Cooper and Edgett, 2012; Deutz et al., 2013; Short et al., 2012), more 
explicit processes for environmental considerations are assumed to enhance their 
uptake in product development. Ideally, implementation of environmental 
considerations would be perceived at least ‘need to have’ instead of ‘nice to have’ 
within these processes and practices (Magnusson and Johansson 2006). 
 
Individuals act as members in the product development teams constrained by the 
organizational contexts and their own mental models. Building blocks for mental 
models may include among others personal values, beliefs and attitudes  (cf. Senge, 
2006, p.163). While values could be seen as any topic that individual considers 
important, beliefs are about the strength in agreeing that a relationship between 
specific topics is true. And then attitudes could be seen as favorable or non-favorable 
approaches, for instance toward these beliefs.  
 
As these mental models in micro-level are assumed to govern the perceived reality, 
they are also expected to govern the actual behavior (Senge, 2006, p.163). For 
example, mental models are argued to provide rules for decisions, such as potentially 
simply comprehending the assumed time needed in a specific product development 
stage differently from others in the very same product development project (Ford and 
Sterman, 1998; Senge, 2006). 
 
Some micro-level perspectives are discussed also within ecodesign, although 
somewhat less than meso-level ones (Sihvonen and Partanen, 2016). For instance, the 
theory of applied ecodesign (Stevels, 2016) is broadly built on the interplay between 
actual practices to find and implement environmentally sound solutions, and the role 
that individuals’ attitudes play in their implementation along internal value chains 
within organizations. In a similar vein, Handfield et al. (2001) and Boks (2006) note 
the differences between opponents and proponents while Short et al. (2012) reason 
that existence of individual’s risk-avoidance hinders the uptake of sustainable 
practices in product development.  
 
Sometimes micro-level issues are revealed while studying issues from a meso-level 
perspective. For instance, in one recent article researchers reframe their suggested 
theoretical framework on ecodesign by adding motivational factors influencing the 
employee’s interest to engage with ecodesign (Dekoninck et al., 2016). Article’s 
theoretical premises are mainly taken from the meso-level perspectives, but 
researchers’ qualitative interviews highlighted a need to add this micro-level 
dimension into the suggested theoretical framework. This supports the soft-side of 
ecodesign perspective in which it is argued that “the role of communication, 
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language, personal views and objectives should be over- rather than understated” 
(Boks, 2006).  
 
Lenox and Ehrenfeld (1997) posit that organizations’ environmental design 
capabilities reside in their processes to communicate, create knowledge structures, 
and to interpret environmental considerations as necessary ingredients of their product 
development processes bringing ideas to market readiness (Lenox and Ehrenfeld, 
1997; Ulrich and Eppinger, 2012). In other words, researchers suggest a definition for 
environmental design capabilities in meso-level. But it is individuals that are assumed 
to be the vital micro-level constituents in accumulating such ecodesign capabilities in 
meso-level. Hence, these same capability dimensions could also be used to examine 
micro-level perspective acknowledging the aforementioned views related to human 
factors. As an example, interpretative structures proposed by Lenox and Ehrenfeld 
could then be approached with individual’s mental models about a topic or behavior 
including the language used.   
 
One such relevant interpretation structure in the context of ecodesign could be beliefs 
that people hold on the various relationship dimensions between humans and natural 
environment. New Ecological Paradigm (NEP) is one measure proposed to gauge 
such generic ecological beliefs (Dunlap et al., 2000). This measure, as a proxy for 
ecological worldview according to Dunlap et al. (ibid.), seeks touching the core of 
individual’s beliefs to these various relationships. Agreement to items, such as 
potentiality of limits of growth, potentiality of eco-crisis, potential fragility of nature’s 
balance, and the potential dominant interplays of humans over nature, are expected to 
reveal these generic beliefs about the relationships between humans and natural 
environment (ibid.). For example, one item asks about considering the earth as a 
spaceship apparently stemming from the early researchers on CE concept such as 
Boulding (1966). These beliefs are expected to evolve slowly through continuous 
interactions with constrained external environment, and furthermore; albeit of their 
generic nature these beliefs may be further related to more specific environmental 
topics (Stern, 2000; Stern et al., 1995). 
 
NEP’s potentiality to influence actual awareness of environmental considerations, or 
related behaviors, within organizations might provide interesting insights into the 
soft-side of ecodesign domain. However, the link between NEP and actual behavior 
has provided varying results among employees in private organizations (Kindly see 
supplementary material online). For instance, Temminck et al. (2015) note a link 
between increased ecological concern, and employees’ engagement in voluntary pro-
environmental behaviors. To the best of our knowledge, no results have been 
published on the potential relationship of NEP in the context of product development 
apart from Sihvonen and Partanen (2016) in which it is reported that NEP seems to be 
associated mainly with generic management processes for environmental 
considerations in product development. Yet, a hint toward this perspective is provided 
for example in Short et al. (2012): This research indicates that approximately third 
largest reason to engage with Design for Sustainability is “own belief”, although the 
content of this belief is not further elaborated in the survey itself but through 
interviews that indicate a belief toward sustainability issues. On the other hand, for 
instance, Lau et al (2016) find that a NEP factor denoting a “humans over nature” 
emerged while examining the structure of NEP among project managers within 
construction industry in Malaysia. This result would suggest a potential path to 
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examine the proponents and non-proponents within organizations (Boks, 2006; 
Handfield et al., 2001). We use term ecological concern to denote these generic 
beliefs measured with NEP. 
 
So, we argue in this paper that understanding these micro-level perceptions might 
positively explicate underlying thinking premises enhancing for instance, circular 
economy related discussions during the product development. We contend that mental 
models govern the language used to describe for instance intended ReX strategies, 
and suggest that by understanding these mental models more explicitly would allow 
their expansion (Senge, 2006, p.166). As a recent example, a suggestion for “circular 
mindset” seemingly seeks to gauge this same need to explicate, although this 
suggestion seems to be targeted more to the meso-level activities apart from the name 
(World Business Council for Sustainable Development, 2017).  
 
We embark next to explore empirically the potential bivariate relationships with the 
ecological concern, as one aspect contributing to the mental models in micro-level, 
and the perceived ecodesign practices in companies.  

3. Research methodology 
 
The overall research methodology follows iteratively a path suggested by Malhotra 
(2004). The path consists of formulating the research problem, and an approach to 
address research problem with related research questions; through literature review 
choosing underlying theories; deciding on research design, collecting data; preparing 
data for analysis, and finalizing by presenting the results. For the descriptive research 
design chosen in this research, quantitative research method in the form of survey is 
chosen mainly for three reasons: 1) to complement case studies and action research in 
the field (Johansson and Sundin, 2014) 2) to test NEP in the product development 
context; and 3) to examine the extent of ecodesign quantitatively similarly to (Deutz 
et al., 2013; Short et al., 2012). 

3.1. Sample 
Sample is derived using a justified nonprobability sampling representing respondents 
from organizations interested in environmental matters in Finland. Respondents from 
various industries, although biased toward larger companies, and metal and mining 
industries compared to sampling frame, answered anonymously to a web survey in 
2014. Unit of analysis is individual. Final sample in this paper consists of 45 
respondents, of which 60 percent have worked in product development weekly or 
more often during the previous 12 months. 58 percent of respondents have titles 
including either manager or engineer; one third titles with Vice-President, Head or 
Director, and 9 percent something else. Further sample and survey details are reported 
in Sihvonen and Partanen (2016).  

3.2. Variables 
Variables for causa materialis were derived from the literature (see Table 1, 
Appendix A). Mostly the following sources were consulted in selecting the potential 
environmental topics: The Ten Golden Rules (Luttropp and Lagerstedt, 2006), EUP 
Directive (European Union, 2009), and environmental principles and guidelines 
(Telenko et al., 2008). 
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Few selected product development practices were assessed as proxies for causa 
efficiencis dimension at meso-level, and how are they associated with causa 
materialis. These practices contain respondent’s perception whether product 
development management processes include managing environmental considerations 
formally, as inspired by Short et al. (2012), and how frequently environmental 
considerations are applied in potential product development phases (Deutz et al., 
2013). The role of environmental considerations as a requirement, or being at par with 
quality (Boks, 2006; Handfield et al., 2001) was assessed with nominal response 
alternatives; and categorized into two. Furthermore, two ecodesign capabilities were 
explored: perceived level of training for the knowledge dimension, and easiness to 
find information within company on environmental information for the dimension of 
communication.  
 
NEP scale was used to assess interpretative structure within the ecodesign 
capabilities, as a proxy for causa efficiencis in the micro-level. NEP scale consists of 
15 items that are theoretically categorized into five dimensions each containing three 
items that seek to capture respondent’s ecological belief in terms of potentiality of 
eco-crisis, limits of growth, nature’s fragility, anti-exemptionalism, and 
antianthropocentrism (Dunlap et al., 2000).  
 
Scales used were mainly Likert-scales from one to five or seven, with an additional 
“not applicable” option for the selected items. Reversed questions for the selected 
environmental topics were retained ‘as is’ in subsequent analysis, while others were 
reversed. Kindly see Appendix A for the items examined in this paper that are not 
published in Sihvonen and Partanen (2016).  

3.3. Statistics  
 
SPSS version 24 was used to analyze the data. Analysis used included Spearman 
correlation (r) with two-tailed probabilities, as well as Mann-Whitney test (U-test) for 
testing the two independent samples for their potential distributional differences. 
Also, partial correlation is used. Statistical significance level, probability value (p-
value), of 0.05 was applied.  
 
In addition, factor analysis was used to examine the ecological concern. Although 
data is non-metric, this method has been used to study ecological concern for almost 
four decades (Dunlap et al., 2000; Hawcroft and Milfont, 2010). In this sample, the 
summated scale for 15 items reaches Cronbach Alpha 0.700 (n=45) passing just the 
minimum threshold for internal reliability (Hair et al., 2010, p.92), having standard 
deviation of 0.48, and mean 3.67.  
 
However, acknowledging the theoretical discussion on the NEP scale’s 
dimensionality (Amburgey and Thoman, 2012; Dunlap et al., 2000; Hawcroft and 
Milfont, 2010), we continued to exclude items from the original NEP scale until the 
statistical adequacy was reached, broadly based on Hair et al. (2010, p.103-105) and 
suggestion by Dunlap et al. (2000). Before conducting the factor analysis, three items 
were removed one at the time to reach sufficient intercorrelations over 0.500 using a 
measure of sampling adequacy (MSA). For the twelve remaining items, acceptable 
test result was reached for Kaiser-Melkin-Olkin with 0.616 categorized as mediocre 
according to Hair et al. (2010). Multicollinearity was checked with determinant that 
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reached a poor result at 0.054. Ratio of the number of observation per variables was 
3.75, a result slightly below the suggested five. However, these may be accepted 
when conceptual structure is theoretically driven (Hair et al., 2010). Recently, such an 
approach has detected a group titled “denial” through a household survey conducted 
in the UK (Rhead et al., 2015). 
 
We continued to examine factor analysis results with these remaining 12 items to 
derive the final construct for ecological concern applied in this paper. Unrotated 
factor solution yielded four factors that explained 60.280 percent of total variance 
(Appendix B). First unrotated factor constituted 26.467 percent of the variance with 
seven items yielding loadings above 0.500. These seven items from the first factor 
were chosen for summated scale (Hair et al., 2010, p.124-127) to present ecological 
concern with an acceptable level 0.719 for Cronbach Alpha. In addition to reporting 
this, one item “Earth is like a Spaceship with very limited room and resources” is 
separately reported due to its linkage with the circular economy discussions.  

4. Results 
 
First, results for selected dimensions as proxies for causa materials are reported 
followed by examination of proxies for causa efficiencis. Chapter ends with 
describing results for their bivariate relationships. A closer attention is given to 
relationship with durability and the other items examined.  

4.1. Perceived prevalence of selected environmental topics  
 
Lifecycle perspective seems to have found its place in the product development 
judged by the responses in the sample. Majority of respondents (89%, answers from 4 
to 7 in 7-point ordinal scale, n=40/45, Fig. 3) reports that lifecycle thinking has been 
applied in a typical product development project during the previous 12 months, and 
by 22 percent of respondents to a large extent. On the other hand, approximately one 
in ten report the contrary, namely that lifecycle has not been considered at all or 
almost not at all in their product development projects during the previous 12 months.  
 
<<<PLEASE, INSERT FIGURE 3 HERE >>> 
 
We did not explore lifecycle item further but instead asked with a closed list of 
selected environmental topics that could be considered in a typical product 
development project. Answers provide somewhat mixed results among the 
respondents apart from the top three following environmental considerations (Fig. 4). 
Clear majority of respondents perceive (Agree strongly or mildly) that maximizing 
reliability (87%), minimizing hazardous substances (87%) have been considered in 
their typical product development projects. Third most often perceived environmental 
consideration is to minimize material usage with 71 percent of respondents reporting 
so.  
 
Mixed results emerge for the level of respondents being either unsure or taking the 
view that selected environmental topic is not applicable for their typical product 
development project (Fig. 4). For instance, almost half the respondents perceive two 
items either not applicable or are unsure whether that topic has been considered in 
their typical product development projects. These items are considering increased 
recovery of plastics, and ensuring material compatibility for recovery. On the other 
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hand, it should be noted that the remaining respondents to these two items are more 
agreeing that these items have been considered, than not. Also, the perception for 
considerations of durability receives responses in all the six response alternatives.  
 
<<< PLEASE, INSERT FIGURE 4 HERE >>> 
 
Selected environmental topics correlate with each other to a varying degree, and few 
negatively. Highest correlations are detected with perceptions of increased 
considerations for recycled and renewable materials (r 0.788), and labeling with ease 
of material separation (r 0.541). Considering durability in a typical product 
development project is also positively correlated with perception of considerations for 
recycled (r 0.326) or renewable (r 0.400) materials. Furthermore, perceptions of 
considerations for durability is positively correlated with increased reporting for 
considering stand-by energy (r 0.333) and negatively correlated with considering 
reliability (r -0.391). The latter also correlates negatively with considering recycled 
materials (r -0.379), but then again it correlates positively with ease of disassembly (r 
0.327).  
 
Potential correlations with increased extent of lifecycle thinking and these selected 
environmental topics were examined next. Reporting of increased considerations for 
lifecycle to a larger extent in the previous 12 months correlates with reporting the 
perception of increased use of recycled materials (r 0.336) or minimizing the use of 
materials (r 0.376). Furthermore, weaker correlations (for all these items r 0.294, p-
value 0.050) are detected with increased extent of lifecycle thinking and minimizing 
hazardous substances, or increasing recovery of metals or plastics. Among the rest of 
the uncorrelated selected environmental topics in the sample: the increased perceived 
consideration for durability does not correlate significantly with increased extent of 
lifecycle thinking (p-value 0.451).  

4.2. Relationships with perceived prevalence of selected environmental topics and 
ecodesign practices at meso-level  
 
Next, the aforementioned causa materialis are examined for their bivariate 
relationships with causa efficiencis at meso-level. 
 
Those respondents reporting increased extent of lifecycle thinking in their product 
development projects in the previous 12 months are also more likely to notice that 
their organizations have more formal management processes for environmental 
considerations in product development (U-test, p-value 0.006), and that 
environmental considerations are perceived more as a requirement or mandatory 
checklist (U-test, p-value 0.012). Respondents reporting increased extent of lifecycle 
thinking correlate with those reporting more frequent environmental considerations in 
servicing phase (r 0.328), but not with those reporting more frequent inclusion of 
environmental considerations in other product development phases.  
 
Perceived practices to include environmental considerations in product development 
are associated with few selected environmental topics. Perceiving that product 
development management processes for environmental considerations are formal is 
positively associated with perceived considerations for minimizing hazardous 
substances (U-test p-value 0.043) and increasing recovery of metals (U-test p-value 
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0.004). Perceiving that environmental considerations are a mandatory checklist or a 
requirement is positively significantly associated with increased reporting of recovery 
of metals (U-test p-value 0.015), and plastics (U-test p-value 0.008). But, considering 
durability in a typical product development project is not associated with perceiving 
environmental considerations as a requirement or a mandatory checklist; nor is it 
associated with perceived formal management processes for environmental 
considerations in product development. 
 
The following is detected when exploring the relationship with selected 
environmental topics and frequency to include environmental considerations at early 
product development phases. It is noted that perceived more frequent inclusion of 
environmental considerations at conceptual phase is positively correlated with 
perception of increased considerations for ease of disassembly (r 0.378), ease of 
separating materials (r 0.388) and minimizing the material usage (r 0.330). Perception 
of more frequent inclusion of environmental considerations as functional requirement 
correlates positively with ensuring material compatibility (r 0.415), reliability (r 
0.362), and recovery of plastics (r 0.331). Interestingly, while perception of increased 
considerations for durability correlates positively with perceived more frequent 
inclusion of environmental considerations at the task clarification and planning phase 
(r 0.343), perceived increased consideration of reusability of components correlates 
negatively with this same phase (r -0.342).  
 
Bivariate relationships are also assessed with the level of considering environmental 
topics being at par with quality. Perception of increased extent of lifecycle thinking 
correlates with perceived considerations of putting environmental topics at par with 
quality criteria in product development (r 0.415). Indeed, the latter item correlates 
positively, and statistically significantly (all correlations above 0.310), with eight out 
of 15 other potential environmental topics studied. Highest correlations are detected 
with minimizing material usage (r 0.508) and increasing the recovery of plastics (r 
0.502). Then, considering increased use of recycled or renewable materials, ease of 
material separation or their compatibility, minimizing hazardous substances, and 
recovery of metals correlate with putting the environmental considerations at par with 
quality. But, as mentioned, there are seven other examined items that do not correlate 
significantly with considering environmental topics being at par with quality; and 
among them is the consideration for durability in a typical product development 
project. 
 
Another way to assess ecodesign practices in meso-level is to look at perceived level 
of received trainings or easiness to find environmental information within own 
company, and how these are associated with prevalence of the perceived selected 
environmental topics. From the selected environmental topics, only perceived 
increased level of recovery of metals in typical product development projects 
correlates with perception of having received enough of environmental training (r 
0.434), while easiness to find information does not correlate significantly with these 
selected environmental topics. Hence, also increased perceived considerations for 
durability do not correlate significantly with the perceived easiness to find 
information on environmental considerations (p-value 0.178), nor with the perception 
of having received enough of environmental training (p-value 0.691). 
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4.3. Relationships between selected environmental topics, ecodesign practices and 
ecological concern at micro-level  
 
As another dimension of causa efficiencis, this section reports results on examined 
micro-level item - ecological concern - including its potential association with meso-
level environmentally benign product development practices and perceived 
prevalence of selected environmental topics. 
 
Ecological concern measured with seven items reveals the following. The level of 
ecological concern is high among respondents with a mean 3.854 out of five and 
standard deviation 0.679. The scale does not differentiate by respondents’ age groups 
(U-test p-value 0.526), nor does it differentiate by their functions (U-test p-value 
0.828). Respondents agreed strongly with two items: “Humans are severely abusing 
the environment” (44%), and that “Plants and animals have as much right as humans 
to exist” (36%). “The earth is like a spaceship with very limited room and resources”, 
was agreed strongly by 29 percent of respondents. The item on “When humans 
interfere with nature it often produces disastrous consequences” received the least 
number of respondents to agree with it strongly: 20 percent of respondents thinks so.  
 
Turning next to potential direct associations with the other causa efficiencis 
dimensions at meso-level. Ecological concern is little associated with perceived 
practices to include environmental considerations at meso-level, apart from the 
following two aspects: increased ecological concern is positively associated with 
respondents reporting that his or her company formally manages the environmental 
considerations within product development processes (U-test p-value 0.026). In other 
words, no statistically significant correlations are detected with ecological concern 
and the perceived frequency to include environmental considerations in product 
development phases separately assessed. Perception that the environmental 
considerations are at par with quality correlates positively with increased ecological 
concern, but this is only marginally significant (r 0.255, p-value 0.091). However, 
with the item on spaceship this is not significant (p-value 0.217). And, although those 
with increased ecological concern are more likely to report that environmental 
considerations are a requirement or a mandatory checklist, this association is not 
statistically significant (U-test, p-value 0.130) similarly to the item on spaceship. 
Secondly, ecological concern correlates positively with perception that it is easy to 
find information on environmental topics (r 0.464), but then again, not with 
perception of having received enough of environmental training. However, with the 
item on spaceship, the latter correlates marginally significantly (r 0.271, p-value 
0.071), while the former item correlates significantly similarly to the ecological 
concern.  
 
Finally, the following types of relationships are detected with the ecological concern 
and the selected environmental topics. First, no significant correlation is found with 
perception of increased extent of lifecycle thinking and the ecological concern (p-
value 0.711). On the other hand, direct significant correlations are detected with 
increased perceived considerations for recycled or renewable materials (r 0.396 and r 
0.405, respectively), enhancing material separation (r 0.348), and recovery of metals 
or plastics (r 0.410 and r 0.327, respectively). Also, durability correlates positively 
with ecological concern (r 0.313). Other selected environmental topics do not 
correlate significantly with the ecological concern in this sample. 
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When looking at the item on spaceship separately, the following direct associations 
are found. Item correlates significantly with durability (r 0.333) and recycled 
materials (r 0.351), and marginally significantly with the recovery of metals. Then, 
instead of material separation for recovery, the material compatibility (r 0.343) for 
recovery correlates with this item, but the recovery of plastics and renewable 
materials do not – and neither the link between consideration for lifecycle.    
 
As the correlations for durability with recycled materials and renewables were 
detected earlier, the potential partial influence of the ecological concern was tested. 
Indeed, while correlations with perceived increased considerations for durability and 
renewables remained significant, the relationship with perception of increased 
considerations for the recycled materials and durability was attenuated when 
controlling for the ecological concern (p-value 0.016 down to 0.122). Also, the item 
on spaceship behaves the same way (p-value 0.016 down to 0.100). 

5. Discussion 
 
By framing the discussion around classic causas this paper approaches aspects in 
implementing ecodesign within companies from two dimensions crossing disciplines. 
Specifically, the approach taken is to look at these aspects from employees’ 
perspectives regarding their work in assumingly environmentally proactive 
companies. This section discusses results reflecting these findings with the literature. 
 
The core of ecodesign thinking stems from acknowledging the lifecycle aspect of 
products’ environmental impacts (Hauschild et al., 2005). This type of lifecycle 
thinking seems well established in this sample. Also, our results confirm that 
perception of increased extent of lifecycle thinking and selected environmentally 
benign product development practices seem to be closely intertwined. Hence, these 
examined employees seem be an example of respondents representing more mature 
companies practicing ecodesign in this aspect (Pigosso et al., 2013), although the 
extent of implementation may be questioned (Sihvonen and Partanen, 2016). This is 
aligned with the sample drawn using nonprobability judgmental sampling technique 
among respondents expected to represent more environmentally oriented companies 
in Finland. However, the way perceived extent of lifecycle thinking is related to 
actual selected environmental topics provides a more nuanced picture. Namely, these 
results suggest that perception of increased extent of lifecycle thinking is mainly 
linked with perceived prevalence of selected environmental topics around materials 
either in Pre- or Post-use phase.  
 
These results further indicate that three selected environmental topics are widely 
applied in the product development projects irrespective of respondents’ industries. 
Specifically, while Boks and Stevels (2007) point the three environmental impact 
areas of toxicity, resource depletion, and emissions, our results similarly suggest 
strong agreement with prevalence of perceived considerations for minimizing material 
use and hazardous substances, but also for reliability. Saving materials was practiced 
by 54 percent of SMEs in Finland presenting one of most prominent practices in this 
EU-wide study(TNS political & social, 2018), whereas in our sample with 
respondents from larger companies minimizing materials reached 71 percent. Then, 
although results cannot either directly be compared due to different research 
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constructs, our results both differentiate and are aligned with an empirical research by 
Deutz et al. (2013). This research suggests different level of considerations regarding 
hazardous substances compared to our results: approximately half the companies 
consider hazardous substances in the sample from companies in the United Kingdom, 
although increasingly so if involved with end-of-life issues (ibid.). In our sample, 87 
percent of respondents perceive that minimizing hazardous substances have been 
considered in typical product development projects. In contrast, results are aligned 
with each other related to perceived level of reliability considerations.  
 
Rest of the assessed environmental topics as proxies for causa materialis yield a 
picture in which many respondents are either unsure or consider assessed 
environmental topic not applicable in their product development projects. This result 
is well aligned with researchers (Luttropp and Lagerstedt, 2006; Pigosso et al., 2013; 
Telenko et al., 2016) calling for industry, and company specific environmental topic 
alignment. Yet, it would be intriguing to examine these same broad items in one 
company setting in search of determining applied strategies for causa formalis. For 
instance, this examination might allow to assess how perceptions are linked with 
triangulated information from other sources, such as internal product development 
project documents, sustainability reports, or respondents from same product 
development context. In such a situation, an illustration such as Fig.5., might 
explicate visually potential perceived knowledge gaps among the members of a given 
product development team. In other words, the illustration might provide an increased 
shared understanding of causa formalis for a given product development project: 
namely, to compare what strategies are applied in the given project, and how coherent 
this is with what is actually considered in the projects as causa materialis.  
 
<<< PLEASE, INSERT FIGURE 5 HERE>>> 
 
One of our research objective was to explore how durability is perceived among 
respondents working with product development. Overall, perceived prevalence of 
durability considerations in typical product development projects is somewhat low in 
this sample. Less than one in three perceive that it has been considered in typical 
product development projects. This result appears to differentiate from the 
aforementioned study by Dietz et al. (2013), in which clear majority, or 91 percent of 
respondents, consider durability as a product characteristic; yet, this large proportion 
may be explained by the sample criteria focusing on companies that manufacture 
durable goods. Also, our results seem to deviate from an interview study in which the 
positive attitudes toward durability are reported (Dalhammar, 2016). In contrast, our 
results seem to resonate with a case study by Bundgaard et al. (2017). In this study, it 
is reported that companies are reluctant to advance durability aspects within the 
development of regulatory frameworks in Europe. Yet, these comparisons may only 
be regarded as indicative due to different research constructs. As one of our reviewers 
pointed out, perceptions do also change over time. For example, Telenko’s ecodesign 
guidelines provides an interesting example of this. Namely, one of the updated 
ecodesign principle regarding “appropriate durability” is now updated into “technical 
and aesthetic life”(Telenko et al., 2016, 2008).  
 
To our surprise, these results further suggest that perceived durability considerations 
are not significantly linked with perceived increased extent of lifecycle thinking nor 
with practices to include environmental considerations in product development. In a 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 18

similar vein, Prendeville et al. (2017) report on the case-study findings that decisions 
on durability aspects are strategic and hierarchical ecodesign dilemmas rather than 
tactical or operational ones. In our data, this was also indicated by the following 
result: reporting of more frequent inclusion of environmental considerations in task 
clarification and planning phase seems to be the one practice that correlates with 
increased perception of durability considerations in typical product development 
projects. This would seem to warrant a need to further examine durability 
considerations in product development practices. Namely, could it indeed be so that 
choices toward durability aspects are perhaps made earlier, and hence rendering them 
more strategic instead of being considered as an operational aspect?  
 
So, with what selected environmental topics considerations for durability is linked, if 
any? Based on these results, correlations are found with increased reporting of 
considerations for recycled and renewable materials, and for stand-by energy during 
use. Furthermore, perceived considerations for durability are inversely linked with 
reliability among the respondents working in product development concurring with 
the case study results reported by Prendeville et al. (2017). Also, reliability correlates 
negatively with recycled materials suggesting that at least in this sample: perception 
of increased considerations for reliable products does not seem to be achieved with 
products containing increased amount of recycled materials nor does it relate with 
durability, or vice versa.  
 
Based on this survey, it seems that selected potential environmental topics are 
associated with different product development phases in which environmental 
considerations are more frequently included. With this result, we agree with the 
suggestion by Boks (2006): namely, if interest is in better understanding the 
implementation challenges in practice, then examining product development phases 
separately would provide useful insights. For instance, if it is allowed to consider 
environmental aspects more frequently in the conceptual phase, this can be positively 
linked with environmentally oriented topics such as considering ease of disassembly, 
separation of materials or quantities of materials.  
 
One research objective set for this paper was to deepen understanding on how 
ecological concern, as a proxy for the causa efficiencis in micro-level, might be 
associated with perceived ecodesign implementation in product development 
contexts. The ecological concern was measured with a scale consisting of seven items 
derived from the 15 NEP items (Dunlap et al., 2000). Interestingly, the derived scale 
contained five items from the original NEP scale created in 1970’s; furthermore, these 
seven items are oriented more toward the pro-ecological dimensions of construct 
measuring ecological worldview, as opposed to dimensions on human’s role with 
natural environment also available in this measure (Lau et al., 2016). This suggests 
that the path followed to derive these seven items may be deemed sufficient to 
explore ecological concern.  
 
We explored with the ecological concern the point raised on the need to study deeper 
on the motivational factors at micro-level (Dekoninck et al., 2016). First, initial data 
revealed intriguing further research path to increase the understanding of potential 
human factors between proponents and non-proponents of ecodesign (Boks, 2006; 
Dekoninck et al., 2016). Namely, similarly to a recent article revealing group of 
‘denials’ from the household data (Rhead et al., 2015), our unrotated factor solution 
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suggest potentially similar types of factors in the context of product development 
(Appendix B). But, as mentioned, those items denoting toward more human-dominant 
position toward natural environment were excluded from the final scale due to the 
working procedure for statistical adequacy. Nonetheless, it would be interesting to 
investigate this further in similar context representing people from product 
development projects.  
 
It should be noted that in this sample ecological concern seems not to be associated 
directly with assessed ecodesign practices except for the following two aspects (Fig 
6). It seems to correlate with the awareness of those aspects that are related to 
easiness to find environmental information and general perception of formal 
processes to manage environmental considerations within product development. 
Interestingly, the former issue has also been found to hinder implementing ecodesign; 
for instance, Bey et al. (2013) report that finding information on environmental 
impact within the company is seen among the top barriers to implement ecodesign. 
This seems plausible if it is assumed that individuals may take note on issues the more 
one values them while also acknowledging the organizational constraints (Stern et al., 
1995). In addition, an increased ecological concern might activate employees to 
provide suggestions at least for voluntary pro-environmental behaviors (Temminck et 
al., 2015).  
 
In contrast, the awareness of few topical items correlates with ecological concern. 
Bivariate associations are found with awareness of potential environmental 
considerations that may be broadly regarded as items relating to acknowledging 
resource scarcity (cf. Boks and Stevels, 2007). For example, reporting increased 
considerations for recovery of plastics correlate with ecological concern in this 
sample: this may be seen interesting considering the recent focus on plastics within 
EU (European Commission, 2018c). Also, perception of increased considerations for 
durability and increased ecological concern correlate with each other. This suggests 
that perhaps internal discussions around renewables, recycled, or recoverable 
materials, and even product’s durability considerations might sometimes also be 
connoted with value laden aspects, such as the ecological concern explored in this 
paper. In this sample, for instance, while correlation between perception of increased 
durability considerations and recycled materials is detected, this relationship is 
attenuated when influence of ecological concern is removed.    
 
<<<< INSERT FIGURE 6 HERE >>>> 
 
These results put forward among others an interesting question related to advancing 
durability aspects for the organizations’ forthcoming products, although further 
research would be needed to examine these preliminary linkages in other samples. 
Namely, what if these internal debates around environmental topics, such as 
considerations for durability, should be approached also by better understanding 
extent of individuals’ ecological concerns that might mediate individual’s responses 
to ecodesign practices, such as being aware of durability considerations in the first 
place. This might provide impetus for different types of argument base for proponents 
of ecodesign within internal value chains (Pascual et al., 2003; Stevels, 2015). Would 
it then be possible, that even other constraints detected in the product development 
context are mediated by the respondent’s ecological concern? Based on these results, 
ecological measure coined by Dunlap et al. (2000) might provide useful information 
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to explore such mediating effects. As we are not aware of other published study 
applying NEP among people working with product development, more research is 
needed. Yet, these results suggest new and fresh practical insights to advance 
discussion, in line with similar points raised by Stevels (2016, p.71) and Dekoninck et 
al.  (2016), on the issues of human factors within soft-side of ecodesign.  

5.3. Limitations 
 
Using surveys as a research method is prone to biases stemming for instance from the 
way sample is derived and the way items are asked. It is unlikely to be able to remove 
all the hurdles from self-reported surveys. In addition to issues discussed in Sihvonen 
and Partanen (2016) including the generalizability due to companies representing 
assumingly more environmentally proactive companies, small sample size and using 
items mainly from literature in order to seek content validity, the following limitations 
may occur in interpreting these results.  
 
At the time of developing and conducting the survey in 2014, it was realized that no 
agreed understanding of EoL seemed to exist in the literature; this may have hindered 
the choice of most agreed specific environmental topics for the survey. Hence, 
potentially significant omissions may have occurred. However, we argue that these 
selected environmental topics do cover the majority of generic environmental 
considerations discussed in the literature. Our view is that by using a category “non-
applicable” as one response alternative allowed respondents further to either reject the 
item or support it by providing the extent the examined item had been considered.  
 
Discussion is on-going on the construct to measure ecological concern with the 
original 15 items, and hence potentially influencing the measure of ecological concern 
in the future (Amburgey and Thoman, 2012; Dunlap et al., 2000; Hawcroft and 
Milfont, 2010). However, it is argued that nomological validity was enhanced in the 
current paper by conducting factor analysis to reduce number of items; in our sample, 
down to seven. Five out of these seven items were already in the first version of the 
NEP scale back in 1978 supporting the nomological validity. Furthermore, as noted 
by Lau et al. (2016), these seven items may be understood as pro-ecological concern 
of the NEP scale, while those items dropped out were more about the role of humans 
in controlling the nature. This was further visible in direct correlation between 
awareness of resource-use related items and the derived scale for ecological concern. 
Also, as this sample represents individuals working in product development projects, 
the sample may be assumed as consisting of solution-driven individuals. Hence, while 
rejecting some of the variables, specifically the more human-dominant relationship 
ones in order to reach statistical adequacy, seems to suggest reflecting this capability 
beyond the general public.  

6. Concluding remarks 
 
The research reported in this paper set out to examine interpretations of ecodesign 
practices in organizational setting, as perceived by employees through their mental 
models. Organizations consist of individuals that take actions including among others 
more environmental conscious product development practices. Therefore, it is of vital 
importance to better understand how human factors are associated with such actions. 
This may, in its simplest terms, include highlighting selected issues that could clarify 
unshared understandings of terminology among these individuals acting in the 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 21

product development teams. In this regard, this paper explores term durability to point 
out the need for such discussions. 
 
Despite various limitations in this research, this research provides interesting ideas for 
further research. For instance, it would be very intriguing to better understand how 
durability aspects enter the product development process in more detail, and how are 
they determined. It may have been understood as a strategic choice earlier, but these 
results further suggest they seem to enter product development processes perhaps 
even earlier than anticipated. Moreover, if durability aspects may even be mediated 
by individual’s ecological concern, it might be insightful to research this further.  
 
Furthermore, as the research in this paper mainly relies on self-reported ecodesign 
practices in various industries, it would be intriguing to study similarly in one 
company setting with similar items but triangulate them with other sources. These 
triangulated sources could include, for example product development project steering 
documents, and responses from other members within the same context. Also, it 
would be intriguing to examine further in a context of one or two product 
development projects whether interpretations of the practices and processes in meso-
level are framed by the generic ecological concern, and how other human factors, 
such as emotions, might also play a role. In other words, how the level of individual’s 
concern for natural environment might influence interpretations individual makes in 
the organizational context at meso-level. 
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Appendix A. Questionnaire items  
(Kindly see other examined items in Sihvonen and Partanen (2016)) 
 
• According to your understanding, to what extent has life-cycle perspective been 

considered in a typical product development project during the past 12 months? 
Life-cycle refers to the entire life of the product including for instance, raw 
materials extraction, design, manufacturing, use, and the end-of-life. (Bipolar with 
seven scales, from “Not at all” as one, and “To a large extent” as seven) 

• According to your opinion, to what extent do you agree that the following are 
considered in typical product development project/s? (Likert-scale: strongly agree, 
mildly agree, unsure, mildly disagree, strongly disagree, not applicable) 

o Increasing use of recycled materials (European Union, 2009; Ulrich and 
Eppinger, 2012) 

o Minimizing use of materials (Boks and Stevels, 2007; European Union, 
2009; Luttropp and Lagerstedt, 2006; Telenko et al., 2008; Ulrich and 
Eppinger, 2012)  

o Increasing use of renewable materials (Ulrich and Eppinger, 2012) 
o Maximizing reliability (Deutz et al., 2013) 
o (Reversed) Minimizing durability (Deutz et al., 2013; European Union, 

2009; Luttropp and Lagerstedt, 2006; Mobile Phone Working Group, 
2010; Ulrich and Eppinger, 2012) 
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o (Reversed) Maximizing number of components (Mobile Phone Working 
Group, 2010; Telenko et al., 2008) 

o (Reversed) Minimizing reusability of components (European Union, 2009) 
o (Reversed) Maximizing stand-by energy consumption  
o Ease of disassembly sequence and/or time (European Union, 2009; 

International Telecommunication Union, 2012; Pahl et al., 2007; Telenko 
et al., 2008) 

o Ease of separating materials (European Union, 2009; Mobile Phone 
Working Group, 2010; Pahl et al., 2007; Telenko et al., 2008) 

o Labelling material/s for recycling (European Union, 2009; Mobile Phone 
Working Group, 2010; Telenko et al., 2008) 

o Ensuring material compatibility for recovery (European Union, 2009; Pahl 
et al., 2007) 

o Minimizing hazardous substances (Boks and Stevels, 2007; European 
Union, 2009; Luttropp and Lagerstedt, 2006; Mobile Phone Working 
Group, 2010; Pahl et al., 2007; Ulrich and Eppinger, 2012) 

o Increasing recovery of metals (Mobile Phone Working Group, 2010) 
o Increasing recovery of plastics (International Telecommunication Union, 

2012, p.32; Mobile Phone Working Group, 2010) 
 

Appendix B. Factor analysis loadings for the ecological concern. 
 
 Component   

 1 2 3 4 

NEP15_r_If things continue on their present course we will 
soon experience a major ecological catastrophe. 

0.669 0.449 -0.116 -0.233 

NEP1_r_We are approaching the limit of the number of people 
earth can support. 

0.640 0.164 -0.010 -0.458 

NEP3_r_When humans interfere with nature it often produces 
disastrous consequences. 

0.593 -0.229 -0.112 -0.036 

NEP5_r_Humans are severely abusing the environment. 0.592 0.239 0.236 0.374 

NEP11_r_The earth is like a spaceship with very limited room 
and resources. 

0.550 -0.519 -0.028 -0.338 

NEP2_Humans have the right to modify the natural environment 
to suit their needs. 

0.453 -0.529 0.074 -0.007 

NEP8_The balance of nature is strong enough to cope with 
impacts of modern industrial nations. 

0.474 0.487 -0.015 0.259 

NEP9_r_Despite our special abilities humans are still subject to the 
laws of nature. 

0.152 0.477 -0.394 -0.007 

NEP7_r_ Plants and animals have as much right as humans to 
exist. 

0.519 -0.311 -0.645 0.080 

NEP10_The so-called "ecological crisis" facing humankind has 
been greatly exaggerated. 

0.488 0.340 0.581 -0.159 

NEP6_The earth has plenty of natural resources if we just learn 
how to develop them. 

0.304 -0.405 0.547 0.143 

NEP13_r_The balance of nature is very delicate and easily 
upset. 

0.511 -0.136 -0.109 0.604 

Extraction Method: Principal Component Analysis.  
NOTE. Item in bold is used in the subsequent analysis titled as ecological concern. 

 
 

References 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 23

ADEME, 2010. Première étude sur le déploiement de l’éco-conception en France et 
sur les attented et besoins des entreprises, par BVA pour l’ADEME - Synthèse 
de létude de marché pour une “boîte à outils éco conception” - mai 2010. 

Ali, F., Boks, C., Bey, N., 2016. Design for sustainability and project management 
literature - a review, in: Procedia CIRP 48, 23rd CIRP Conference on Life Cycle 
Engineering. Trondheim, Norway, pp. 28–33. doi:10.1016/j.procir.2016.04.185 

Amburgey, J.W., Thoman, D.B., 2012. Dimensionality of the New Ecological 
Paradigm: Issues of Factor Structure and Measurement. Environ. Behav. 44, 
235–256. doi:10.1177/0013916511402064 

Ardente, F., Mathieux, F., 2014. Environmental assessment of the durability of 
energy-using products: method and application. J. Clean. Prod. 74, 62–73. 
doi:10.1016/j.jclepro.2014.03.049 

Ardente, F., Mathieux, F., Forner, J.S., 2012. Analysis of Durability. Report nr.1 of 
the project “Integration of resource efficiency management criteria in European 
policies - Second phase.” Luxembourg. doi:10.2788/72577 

Bakker, C., Wang, F., Huisman, J., Hollander, M. Den, 2014. Products that go round: 
exploring product life extension through design. J. Clean. Prod. 69, 10–16. 
doi:10.1016/j.jclepro.2014.01.028 

Baumann, H., Boons, F., Bragd, A., 2002. Mapping the green product development 
field: engineering, policy and business perspectives. J. Clean. Prod. 10, 409–425. 
doi:10.1016/S0959-6526(02)00015-X 

Bey, N., Hauschild, M.Z., McAloone, T.C., 2013. Drivers and barriers for 
implementation of environmental strategies in manufacturing companies. CIRP 
Ann. - Manuf. Technol. 62, 43–46. doi:10.1016/j.cirp.2013.03.001 

Bjørn, A., Hauschild, M.Z., 2013. Absolute versus Relative Environmental 
Sustainability. J. Ind. Ecol. 17, 321–332. 

Blomsma, F., Brennan, G., 2017. The Emergence of Circular Economy - A New 
Framing Around Prolonging Resource Productivity. J. Ind. Ecol. 21, 603–614. 
doi:10.1111/jiec.12603 

Boks, C., 2006. The soft side of ecodesign. J. Clean. Prod. 14, 1346–1356. 
doi:10.1016/j.jclepro.2005.11.015 

Boks, C., McAloone, T.C., 2009. Transitions in sustainable product design research. 
Int. J. Prod. Dev. 9, 429–449. doi:10.1504/IJPD.2009.027475 

Boks, C., Stevels, A., 2007. Essential perspectives for Design for 
Environment;Experiences from the electronics industry. Int. J. Prod. Res. 45, 
4021–4039. doi:10.1080/00207540701439909 

Boks, C., Stevels, A., 2003. Theory and practice of environmental in a major 
consumer electronics company. Benchmarking An Int. J. 10, 120–135. 

Boulding, K.E., 1966. The Economics of the Coming Spaceship Earth, in: Jarrett, H. 
(Ed.), Environmental Quality in a Growing Economy. Johns Hopkins University 
Press, Baltimore, pp. 3–14. 

Bovea, M.D., Pérez-Belis, V., 2012. A taxonomy of ecodesign tools for integrating 
environmental requirements into the product design process. J. Clean. Prod. 20, 
61–71. doi:10.1016/j.jclepro.2011.07.012 

Brones, F.A., Monteiro de Carvalho, M., de Senzi Zancul, E., 2017. Reviews, action 
and learning on change management for ecodesign transition. J. Clean. Prod. 
142, 8–22. doi:http://dx.doi.org/10.1016/j.jclepro.2016.09.009 

Brones, F., Monteiro de Carvalho, M., 2015. From 50 to 1: integrating literature 
toward a systemic ecodesign model. J. Clean. Prod. 96, 44–57. 
doi:10.1016/j.jclepro.2014.07.036 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 24

Brook Lyndhurst Ltd, 2011. Public understanding of product lifetimes and 
durability(1). Final Report to the Department for Environment Food and Rural 
Affairs. 

Bundgaard, A.M., Mosgaard, M.A., Remmen, A., 2017. From energy efficiency 
towards resource efficiency within the Ecodesign Directive. J. Clean. Prod. 144, 
358–374. doi:http://dx.doi.org/10.1016/j.jclepro.2016.12.144 

Cooper, R.G., Edgett, S.J., 2012. Best Practices in the Idea-to-Launch Process and Its 
Governance. Res. Manag. 43–54. doi:10.5437/08956308X5502022 

Dalhammar, C., 2016. Industry attitudes towards ecodesign standards for improved 
resource efficiency. J. Clean. Prod. 123, 155–166. 
doi:http://dx.doi.org/10.1016/j.jclepro.2015.12.035 

Dekoninck, E.A., Domingo, L., O’Hare, J.A., Pigosso, D.C.A., Reyes, T., Troussier, 
N., 2016. Defining the challenges for ecodesign implementation: Development 
and consolidation of a framework. J. Clean. Prod. 135. 
doi:http://dx.doi.org/10.1016/j.jclepro.2016.06.045 

Deutz, P., McGuire, M., Neighbour, G., 2013. Eco-design practice in the context of a 
structured design process: an interdisciplinary empirical study of UK 
manufacturers. J. Clean. Prod. 39, 117–128. 
doi:http://dx.doi.org/10.1016/j.jclepro.2012.08.035 

Dunlap, R.E., Van Liere, K.D., Mertig, A.G., Jones, R.E., 2000. Measuring 
Endorsement of the New Ecological Paradigm : A Revised NEP Scale. J. Soc. 
Issues 56, 425–442. doi:http://dx.doi.org/10.1111/0022-4537.00176 

European Commission, 2018a. Communication from the Commission to the European 
Parliament, the Council, The European Economic and Social committee and the 
committee of the regions on monitoring framework for the circular economy, 
COM(2018)29 final, SWD17 final. 

European Commission, 2018b. Measuring progress towards circular economy in the 
European Union-Key indicators for a monitoring framework-SWD(2018) 17 
final, 16th Jan 2018. 

European Commission, 2018c. A European Strategy for Plastics in a Circular 
Economy, COM(2018)28 final. 

European Commission, 2017. COM(2017) 33: Report from the commission to the 
European Parliament, the Council, the European economic and social committee 
and the committee of the regions on the implementation of the Circular Economy 
Action Plan. 

European Environment Agency, 2017. Circular by design - Products in the circular 
ecoomy, EEA Report, No. 6/2017. Luxembourg. 

European Union, 2009. Directive 2009/125/EC of the European Parliament and of the 
Council of 21 October 2009 establishing a framework for the setting of 
ecodesign requirements for energy-related products (recast). Official Journal of 
the European Union, Brussels. 

Fitzpatrick, C., Hickey, S., Schischke, K., Maher, P., 2014. Sustainable life cycle 
engineering of an integrated desktop PC; a small to medium enterprise 
perspective. J. Clean. Prod. 74, 155–160. doi:10.1016/j.jclepro.2014.03.042 

Ford, D.N., Sterman, J.D., 1998. Dynamic modeling of product development 
processes. Syst. Dyn. Rev. 14, 31–68. 

Ghosh, S., Eckerle, K., Morrison, H., 2017. Full circle: Turning waste into value with 
your supply chain. 

Haas, W., Krausmann, F., Wiederhofer, D., Heinz, M., 2015. How Circular is the 
Global Economy? An Assessment of Material Flows, Waste Production, and 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 25

Recycling in the European Union and the World in 2005. J. Ind. Ecol. 19, 765–
777. doi:10.1111/jiec.12244 

Hair, J.F., Black, W.C., Babin, B.J., Anderson, R.E., 2010. Multivariate Data 
Analysis - a global perspective, 7th ed. Pearson, Prentice hall. 

Handfield, R.B., Melnyk, S.A., Calantone, R.J., Curkovic, S., 2001. Integrating 
Environmental Concerns into the Design Process: The Gap between Theory and 
Practice, in: IEEE Transactions of Engineering Management. pp. 189–208. 
doi:10.1109/17.922478 

Hart, S.L., Dowell, G., 2011. A Natural-Resource-Based View of the Firm: Fifteen 
Years After. J. Manage. 37, 1464–1479. doi:10.1177/0149206310390219 

Hauschild, M., Jeswiet, J., Alting, I., 2005. From life cycle assessment to sustainable 
production: status and perspectives. CIRP Ann. - Manuf. Technol. 54, 1–21. 

Hauschild, M.Z., 2015. Better-but is it good enough? On the need to consider both 
eco-efficiency and eco-effectiviness to gauge industrial sustainability, in: The 
22nd CIRP Conference on Life Cycle Engineering. Sydney. 

Hawcroft, L.J., Milfont, T.I., 2010. The use (and abuse) of the new environmental 
paradigm scale over the last 30 years: A meta-analysis. J. Environ. Psychol. 30, 
143–158. doi:doi:10.1016/j.jenvp.2009.10.003 

Hood, B., 2016. Make recycled goods covetable. Nature 531, 438–440. 
International Telecommunication Union, 2012. Sustainable products. 
Jansson, J., Nilsson, J., Modig, F., Hed, G., 2017. Commitment to Sustainability in 

Small and Medium-Sized Enterprises: The Influence of Strategic Orientations 
and Management Values. Bus. Strateg. Environ. 26, 69–83. 
doi:10.1002/bse.1901 

Johansson, G., 2002. Success factors for integration of ecodesign in product 
development -A review of state of the art. Environ. Manag. Heal. 13, 98–107. 
doi:10.1108/09566160210417868 

Johansson, G., Sundin, E., 2014. Lean and green product development: two sides of 
the same coin? J. Clean. Prod. 85, 104–121. doi:10.106/j.jclepro.2014.04.005 

Lansink, A., 2014. Reaching for the top rung: achieving waste prevention [WWW 
Document]. Isonomia blogs. URL http://www.isonomia.co.uk/?p=2740 
(accessed 12.7.17). 

Lau, J.L., Hashim, A.H., Samah, A.A., Salim, A. salim S., 2016. Understanding the 
environmental worldviews of Malaysian project managers. Smart Sustain. Built 
Environ. 5, 307–324. 

Lenox, M., Ehrenfeld, J., 1997. Organizing for effective environmental design. Bus. 
Strateg. Environ. 6, 187–197. 

Lindahl, M., 2005. Engineering Designers’ Requirements on Design for Environment 
Methods and Tools. Stockholm. 

Lindahl, M., Ekermann, S., 2013. Structure for Categorization of EcoDesign Methods 
and Tools, in: CIRP LCE 2013. Singapore. 

Lozano, R., 2014. Creativity and Organizational Learning as Means to Foster 
Sustainability. Sustain. Dev. 22, 205–216. doi:10.1002/sd.540 

Luttropp, C., Lagerstedt, J., 2006. EcoDesign and The Ten Golden Rules : generic 
advice for merging environmental aspects into product development. J. Clean. 
Prod. 14, 1396–1408. doi:10.1016/j.jclepro.2005.11.022 

Malhotra, N.K., 2004. Marketing Research - an applied orientation, 4th editio. ed. 
Pearson, Prentice hall, Upper Saddle River, New Jersey. 

McAloone, T.C., Bhamra, T.A., Evans, S., 1998. Success in environmentally 
conscious design: how is it achieved and maintained?, in: IEEE International 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 26

Symposium on Electronics and the Environment. IEEE, Oak Broak, Illinois, pp. 
171–175. doi:10.1109/ISEE.1998.675052 

Mobile Phone Working Group, 2010. Basel Convention Mobile Phone Partnership 
Initiative - guidance document on the environmentally sound management of 
used and end-of-life mobile phones. 

Niinimäki, K., 2011. From Disposable to Sustainable - The Complex Interplay 
between Design and Consumption of Textiles and Clothing. Aalto University. 

Oxford living Dictionaries, 2017. Definition of durable, and duration [WWW 
Document]. Oxford living Dictionaries. URL https://en.oxforddictionaries.com 
(accessed 6.25.17). 

Pahl, G., Beitz, W., Feldhusen, J., Grote, K.H., 2007. Engineering Design: A 
Systematic Approach, 3rd ed. Springer Verlag London Limited, London. 

Parajuly, K., Habib, K., Cimpan, C., Liu, G., Wenzel, H., 2016. End-of-life resource 
recovery from emerging electronic products - A case study of robotic vacuum 
cleaners. J. Clean. Prod. 137, 652–666. 
doi:http://dx.doi.org/10.1016/j.jclepro.2016.07.142 

Pascual, O., Boks, C., Stevels, A., 2003. Communication Eco-efficiency in Industrial 
Context: A framework for understanding the (lack) of success and applicability 
of Eco-Design, in: IEEE International Symposium on Electronics and the 
Environment. pp. 303–308. 

Peeters, J.R., Dewulf, K., 2012. Design for end of life: A design methodology for the 
early stages of an innovation process, in: International Conference on 
Engineering and Product Design Education, 6&7 September 2012, Artesis 
University Colleger. Antwerp, Belgium. 

Pigosso, D.C.A., Rozenfeld, H., McAloone, T.C., 2013. Ecodesign maturity model : a 
management framework to support ecodesign implementation into 
manufacturing companies. J. Clean. Prod. 59, 160–173. 
doi:10.1016/j.jclepro.2013.06.040 

Prendeville, S.M., O’Connor, F., Bocken, N.M. p., Bakker, C., 2017. Uncovering 
ecodesign dilemmas: A path to business model innovation. J. Clean. Prod. 143, 
1327–1339. doi:http://dx.doi.org/10.1016/j.jclepro.2016.11.095 

Ramus, C.A., Killmer, A.B.C., 2007. Corporate greening Through Prosocial Extrarole 
Behaviors - A Conceptual Framework for Employee Motivation. Bus. Strateg. 
Environ. 16, 554–770. doi:10.1002/bse.504 

Rhead, R., Elliot, M., Upham, P., 2015. Assessing the structure of UK environmental 
concern and its association with pro-environmental behaviour. J. Environ. 
Psychol. 43, 173–183. doi:10.1016/j.jenvp.2015.06.002 

Rousseaux, P., Gremy-Gros, C., Bonnin, M., Henriel-Ricordel, C., Bernard, P., 
Floury, L., Staigre, G., VIncent, P., 2017. “Eco-tool-seeker”: A new and unique 
business guide for choosing ecodesign tools. J. Clean. Prod. 151, 546–577. 
doi:10.1016/j.jclepro.2017.03.089 

Saarinen, E., 1997. Filosofia, 9th ed. Werner Söderström Osakeyhtiö, Porvoo. 
Senge, P.M., 2006. The Fifth Discipline -The Art & Practice of The Learning 

Organisation, 2nd ed. The Random House Group Limited, London. 
Short, T., Lee-Mortimer, A., Luttropp, C., Johansson, G., 2012. Manufacturing, 

sustainability, ecodesign and risk: lessons learned from a study of Swedish and 
English companies. J. Clean. Prod. 37, 342–352. 
doi:10.1016/j.jclepro.2012.07.037 

Sihvonen, S., Partanen, J., 2016. Implementing environmental considerations within 
product development practices: A survey on employees’ perspectives. J. Clean. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 27

Prod. 125, 189–203. doi:10.1016/j.jclepro.2016.03.023 
Sihvonen, S., Ritola, T., 2015. Conceptualizing ReX for aggregating end-of-life 

strategies in product development, in: Procedia CIRP, The 22nd CIRP 
Conference on Life-Cycle Engineering. Sydney, Australia, pp. 639–644. 
doi:10.1016/j.procir.2015.01.026 

SITRA, 2016. Kierrolla kärkeen - Suomen tiekartta kiertotalouteen 2016-2025, Sitran 
selvityksiä numero 117. 

Stahel, W.R., 2016. Circular Economy. Nature 531, 435–438. 
Stern, P.C., 2000. Toward a Coherent Theory of Environmentally Significant 

Behavior. J. Soc. Issues 56, 407–424. 
Stern, P.C., Dietz, T., Guagnano, G.A., 1995. The New Ecological Paradigm in 

social-psychological context. Environ. Behav. 27, 723–743. 
Stevels, A., 2016. The Reverse Perspective: Fifteen years of EcoDesign at Philips 

Consumer Electronics, Part II (1993-2008). 
Stevels, A., 2015. The Reverse Perspective: Fifteen years of EcoDesign at Philips 

Consumer Electronics (1993-2008). 
Tecchio, P., McAlister, C., Mathieux, F., Ardente, F., 2017. In search of standards to 

support circularity in product policies: A systematic approach. J. Clean. Prod. 
ETSI NUMER, 1–14. 

Telenko, C., O’Rourke, J.M., Seepersad, C.C., Webber, M.E., 2016. A compilation of 
design for environment guidelines. J. Mech. Des. 138, 31102-1–11. 
doi:10.1115/1.4032095 

Telenko, C., Seepersad, C.C., Webber, M.E., 2008. A compilation of design for 
environment principles and guidelines, in: International Design Engineering 
Technical Conferences & Computers and Information in Engineering 
Conference. ASME, IDECT/CIE 2008, New York, USA, pp. 289–301. 
doi:10.1115/DETC2008-49651 

Temminck, E., Mearns, K., Fruhen, L., 2015. Motivating Employees towards 
Sustainable Behaviour. Bus. Strateg. Environ. 24, 402–412. 
doi:10.1002/bse.1827 

The British Standards Institution, 2017. BS 8001:2017 Framework for implementing 
the principles of the circular economy in organizations - Guide. 

TNS political & social, 2018. Flash Eurobarometer 456: SMEs, resource efficiency 
and green markets. doi:10.2873/93689 

Ulrich, K., Eppinger, S., 2012. Product Design and Development, 5th intern. ed. 
McGraw-Hill International, Singapore. 

Van Hemel, C., Cramer, J., 2002. Barriers and stimuli for ecodesign in SMEs. J. 
Clean. Prod. 10, 439–453. 

Vanegas, P., Peeters, J.R., Cattrysse, D., Tecchio, P., Ardente, F., Mathieux, F., 
Dewulf, W., Duflou, J.R., 2017. Ease of disassembly of products to support 
circular economy strategies. Resour. Conserv. Recycl. in press, in press. 
doi:dx.doi.org/10.1016/j.resconrec.2017.06.022 

Verhulst, E., Boks, C., 2012. Bringing about Sustainable Change in Product 
Development: Theory versus Practice, in: APMS 2011, IFIP AICT 384. pp. 448–
457. 

Verhulst, E., Boks, C., 2010. The Role of Human Factors in the Adoption of 
Sustainable Design Criteria in Business, in: Knowledge Collaboration & 
Learning for Sustainable Innovation, The 14th European Rountable on 
Sustainable Production and Consumption (ERSCP), The 6th Environmental 
Management for Sustainable Universities (EMSU). Eindhoven, The Netherlands. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 28

World Business Council for Sustainable Development, 2017. CEO guide to the 
circular economy. 

 
 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Fig.1.Fig.1.Fig.1.Fig.1.

Product

Material(s)

Fig.1. Value continuum ranging from product as a whole toward value as materials (illustration inspired by Tukker (2004)).
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← Pigosso et al. (2013)

UNIT OF ANALYSIS
Macrolevel

Microlevel

Meso levelFOCUS OF
ANALYSIS

ProcessesTools
Prendeville et al. (2017)→ 

↑ Sihvonen and Partanen (2016)
Lindahl and Ekerman (2013)

← ↑ Deutz et al. (2013)
Short et al. (2012) ↓↑ 

↑ Sihvonen and Partanen (2017, this paper)

↓ Brones and Monteiro de Carvalho (2015)

Lagerstedt and Luttropp (2006) ↓ Boks (2006)

↓ Stevels (2015)

← Dekoninck et al. (2016)

← ↓  Baumann et al. (2002) →

←Peeters and Dewulff (2012)

←Telenko et al. (2008)

↓ Verhulst and Boks (2012)

Fig.2. Suggested position of this paper among the selected conceptual, empirical, and theoretical researches within eco-design.  
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Fig. 3. Perceived extent of lifecycle thinking (n=45).
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Fig. 4.  Selected potential environmental topics considered in typical product development projects 
(n=45, R for reversed question).
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Fig. 5. Example of illustration for the prevalence of selected environmental topics in typical product development 
project (n=45, answered ‘strongly agree’ in Likert 5-scale, [R] reversed item). 
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Recycled materials
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environmental considerations in product 

development

Recovery of metalsRecovery of plastics

Ecological concern

Fig. 6. Relationships of ecological concern with perceived selected eco-design practices, and awareness of selected environmental topics.


