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“Everything is vague to a degree you do not realize until you have tried to make it 
precise.”  - Bertrand Russell (cited in Reid and de Brentani 2004) 

 
This chapter briefly describes motivational factors for the dissertation by dis-
cussing the topical background and research gaps identified. It then introduces 
the research questions investigated in this dissertation on ecodesign. The chap-
ter concludes with overview of publications, and information on the dissertation 
structure.  

The voracious use of natural resources to satisfy the appetite of our societies has 
begun to limit opportunities for both current and future generations (United 
Nations 2015; Brundtland 1987). Namely, the level of degradation of the natural 
environment has been increasingly acknowledged to be on a planetary scale, 
partly due to the unbalanced metabolism of socioeconomic systems worldwide 
(Haas et al. 2015; Steffen et al. 2015). To counter this, shared understanding is 
sought to provide guidance in more detail. Currently one of the most globally 
recognized frameworks is the 2030 Agenda with its 17 Sustainable Development 
Goals (SDGs). One goal in this framework is the Goal 12, which seeks to “ensure 
sustainable consumption and production patterns” (United Nations 2015, see  
2.1). Within this goal, one target is to reduce the amount of various wastes gen-
erated (ibid.). 

In recent years, also a concept termed circular economy (CE) has been em-
braced to frame political discussion both on the scarcity of natural resources 
and their degradation in conjunction with economic growth, in addition to the 
pronounced adverse impacts of climate change. These two issues –resource deg-
radation and climate change- are closely intertwined (Haas et al. 2015); how-
ever, addressing their impacts also demands different measures at various levels 
of societies including that of companies. 

In the case of a circular economy, the principal idea is to keep materials and 
products introduced into a system to preserve their added value. This aims to 
restore a more balanced relationship between the needs of societies and the nat-
ural environment. Also, economic growth is sought to be decoupled from its ad-
verse impacts to natural environment. One critical aspect in the circular econ-
omy thinking is the fundamental aim to transform linear product lifecycles into 
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more cyclical ones (see 2.4). This demands various concerted efforts among oth-
ers at policy, regulatory and research levels, for which, for instance, many such 
activities are on-going within the European Union (EU) (Tecchio et al. 2017; 
Bundgaard et al. 2017; Vanegas et al. 2018; European Commission 2016; 
European Commission 2017; European Commission 2018a; European 
Commission 2019). However, among the most crucial efforts would be those of 
companies who are vital stakeholders in implementing such aspirations in prac-
tice. This interlinkage from policy to implementation by companies is also more 
broadly acknowledged in the SDGs; the role of companies in achieving these 
goals is now much more pronounced than in its earlier version, Millennium De-
velopment Goals (United Nations 2015; United Nations 2014; Stier 2014).  

However, while seeking to advance the concept of a circular economy, stake-
holders at various levels should also acknowledge the challenges encountered. 
To start with, progress related to a circular economy is currently understood 
burdensome to monitor at national level (Haas et al. 2015; European 
Commission 2018c); and for instance, in the EU, monitoring seems to focus on 
material flows (Eurostat 2018). Then, if there are no targets, for example, for 
waste prevention or reuse, it might not be worthwhile for industry to actually 
commit to waste prevention or reuse activities (Hogg et al. 2013; Bundgaard et 
al. 2017). Furthermore, a fundamental change would be envisioned for compa-
nies’ underlying business logics, if typical linear value chains were turned into 
more cyclical ones (Stahel 2016; European Environment Agency 2017). In addi-
tion, it is also pointed out that pursuit of circular economy may fuel a search for 
unlimited growth which is understood impossible considering, for instance, 
planetary boundaries (Hauschild 2015; Bjørn & Hauschild 2013; Stevels 2016, 
p.70). 

While these aforementioned issues touch some of the core issues within circu-
lar economy aspirations beyond companies to the societal levels, they are also 
closely intertwined with companies’ product development in which many 
needed solutions would be realized in practice. These aspirations are ever more 
seen to provide a broad direction toward the expected outcomes from embed-
ding environmental considerations, now increasingly framed as circular econ-
omy related ones (Bocken et al. 2017), into product development. Including en-
vironmental considerations into product development purposefully are under-
stood as ecodesign (Please, see more definitions in 2.3), and its implementation 
issues are the overarching theme of this dissertation. 

Namely, although ecodesign domain has witnessed plentiful, and solution-
driven research (Boks & McAloone 2009; Li et al. 2015; Brones & Monteiro de 
Carvalho 2015), the adequacy of ecodesign implementation levels continue to 
be questioned based on empirical research (Bey et al. 2013; Short et al. 2012; 
Deutz et al. 2013; ADEME 2010). To counter this, since early 2000, a call for 
better integration of ecodesign into actual practices continues to be highlighted 
(Baumann et al. 2002; Brones et al. 2017; Boks & Stevels 2007; Hallstedt et al. 
2010; Stevels 2009). 
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However, what is meant with implementation continue to be disputed as well 
as that of its targeted levels, although proposals exist (Pigosso et al. 2013; Boks 
& Stevels 2007; Hallstedt et al. 2010). 

Baumann et al. (2002) suggest to addressing integration challenges by sys-
tematically studying the phenomenon from the perspectives of product devel-
opment, company, between companies, and policy levels. Researchers point out 
the need for a more profound understanding of the multidisciplinary aspects of 
the phenomenon, and hence, researchers’ review approaches issues from the 
viewpoints of management, engineering design, and policy literature. This co-
incides with the characteristics of product development being inherently a mul-
tidisciplinary activity: it combines various functions of any company wanting to 
have an idea transformed into a form ready for a sale, and beyond (Ulrich & 
Eppinger 2012; Krishnan & Ulrich 2001). Extending from this three levels ap-
proach, it is also important to understand better the internal and external value 
chain aspects when advancing environmental issues, and not focusing merely 
on activities for design teams (International Organization for Standardization 
2011; Stevels 2009). 

Furthermore, as also noted by Boks (2006), these levels by Baumann et al. 
(2002) ignore the potential influence of individuals on the behavior of system. 
This level of interest at the micro-level, which is a focus taken in this disserta-
tion, continues to be less investigated in the empirical studies examining 
ecodesign (see Table 1 in Publication 1); although a need for such investigation 
is pronounced (Boks 2006; Handfield et al. 2001; Brones & Monteiro de 
Carvalho 2015; Dekoninck et al. 2016; Stevels 2016; Brones et al. 2017; 
Tingström 2007). Boks (2006) calls these micro-level issues as human factors 
that have mainly advanced along with research at a meso-level (Brones et al. 
2017; Verhulst & Boks 2012). Notably, utilizing a micro-level analysis allows ex-
amination of attitudes and other motivational factors in more detail to deter-
mine in the ways they might be associated with ecodesign implementation is-
sues. For instance, it allows the examination of the possible association of an 
individual’s values toward the natural environment with implementing 
ecodesign practices. To date, it seems that this has not been studied earlier 
within a product development context, at least when measured with an ecolog-
ical worldview coined by Dunlap et al. (2000; Hawcroft & Milfont 2010). 

Boks and McAloone (2009) call for different approaches to advance the 
ecodesign knowledge. In this dissertation, the hurdles of implementing 
ecodesign are examined primarily from the perspective of an employee’s inter-
pretations of their product development project contexts. Then, this disserta-
tion advances knowledge on ecodesign hurdles separately investigating product 
development phases (Boks 2006; Brones & Monteiro de Carvalho 2015), which 
further allows to the validation of results from Deutz et al. (2013). 

Furthermore, another approach in this dissertation is to examine the extent of 
environmental quantitative targets as an indication of the capability to manage 
ecodesign (Krishnan & Ulrich 2001; Haapala, Karl et al. 2013; Sroufe et al. 
2002). Although there exists conceptual discussion on target setting for 
ecodesign (e.g. Issa et al. 2015), it seems that less attention has been given to 
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the examination of the actual prevalence of quantitative environmental targets 
of products, aside from Bjørn et al. (2017) and Pascual, Stevels et al. (2003). 
Hence, this dissertation examines the challenges of implementing ecodesign 
within information communication and technology (ICT) sector by partly up-
dating the study by Pascual, Stevels et al. (2003), in which companies’ environ-
mental management practices are categorized, including an evaluation of the 
level of quantitative environmental targets for products (KPMG 2015; Laurenti 
et al. 2015; Albino et al. 2009). This enables an exploration of the ways in which 
selected circular economy related activities may be associated with companies’ 
ecodesign. 

This dissertation examines ecodesign implementation in product development. 
Ecodesign implementation consists of selected ecodesign practices. These 
ecodesign practices are investigated mainly related to product development 
process and individuals (O’Hare 2010). Examples of ecodesign practices include 
the ways in which ecodesign is managed within product development (Pigosso 
et al. 2013; see 2.3) or considerations for circular economy (The British 
Standards Institution 2017; see 2.4), such as considerations for durability (den 
Hollander et al. 2017), are taken into account. 

This dissertation builds upon the knowledge accumulated through more than 
two decades of ecodesign research. Specifically, the perspectives in this disser-
tation seek to advance perspectives broadly posited within the applied 
ecodesign (Stevels 2016), and soft-side of ecodesign (Boks 2006; Boks & 
McAloone 2009). In essence, both these approaches call for research interlink-
ing disciplines to better address the hurdles of ecodesign implementation, as 
well as to investigate issues from the level of individual at micro-level within the 
internal value chains. Among others, this latter perspective allows to examine 
the potential relationships between individual attitudes and ecodesign prac-
tices. 

The research objective is to better understand the context for an enhanced 
ecodesign implementation within product development. To answer this, the fol-
lowing research questions are formulated from different perspectives: 

• Research question 1 (RQ1): Are there significant associations between 
ecodesign practices? 

• Research question 2 (RQ2): To what extent circular economy consider-
ations are associated with other ecodesign practices?  

• Research question 3 (RQ3): How human factors, such as ecological con-
cern, are related to ecodesign practices?  

For the research question one, mainly employees’ perceptions are assessed to 
examine the extent of selected ecodesign practices, and the ways these practices 
might be associated with each other. In addition, the potential role of generic 
product development is specifically examined in fostering such practices. Fur-
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thermore, an examination is carried out of the initially perceived role of envi-
ronmental considerations in product development contexts, as well as the prev-
alence of quantitative environmental targets for products at the company level. 

The research question two continues to examine the prevalence of selected 
circular economy considerations, building on topics deemed closely related to 
waste hierarchy. This research question examines the ways these may be asso-
ciated with other ecodesign practices first assessed in answering the research 
question one. Additionally, it examines the extent of the awareness of selected 
circular economy related terms within reuse, and their relationships with the 
quantitative environmental targets for products, and the environmental perfor-
mance. Both individual and company level of analysis is applied. 

The third research question builds upon the previous ones. It assesses the ex-
tent of the ways that selected human factors, such as attitudinal and ecological 
concern, are potentially related with ecodesign practices including circular 
economy considerations. This examination is carried out at micro-level among 
the employees working with the product development. This provides one per-
spective to ecodesign implementation from those needed to effectuate them. 

 

 

Figure 1 above depicts the positions of the research questions and the three pub-
lications along two axes presenting potential dimensions to categorize this re-
search on ecodesign. The vertical axis presents the unit of analysis applied in 
the research ranging from the perspectives of an individual at the micro-level to 
the company at the meso-level. Macro-level, denoting the level beyond the com-
panies, is discussed in the introduction and theoretical chapters as well as 
touched upon in conclusions. The horizontal axis depicts the focus of the analy-
sis ranging from specific tools or methods for products to the broader level pro-
cesses within companies. 
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As the abundance of ecodesign tools and methods is pronounced in the litera-
ture (Baumann et al. 2002; Bovea & Pérez-Belis 2012; Lindahl & Ekermann 
2013; Rousseaux et al. 2017), they are excluded from the scope of this disserta-
tion. Furthermore, while circular economy concept can be approached from var-
ious perspectives, this research focuses on one of its core principles regarding 
waste hierarchy and systems approach (Kirchherr, Reike, et al. 2017). Hence, 
for instance, an empirical research related to business models in meso-level or 
policy implications at macro-level is beyond the scope, see e.g. Tecchio et al. 
(2017) or The British Standards Institution (2017).  

Table 1 below summarizes the publications appended to this dissertation. 

 
These publications provide examples on the ways to determine the current ex-
tent of ecodesign implementation based on empirical research. 
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Table 2 in the previous page provides an overview of the way each publication 
answers the research questions posed. It shows that for the RQ1 all publications 
provide part of the answer, although the Publication 1 is the primary source. 
Whereas for the RQ2 both Publication 2 and 3 provide answers equally; answers 
for RQ3 are obtained primarily from the Publication 3. 

This dissertation consists of this summary as well as the original publications at 
the end. This summary contains six chapters.  

The purpose of this introductory chapter was to guide reader into the topic 
starting with the background fueling the motivations for the research, narrow-
ing down to describing the research gaps, research objective and related re-
search questions, and the way different publications provided support in an-
swering the research questions (Table 2). It also provides the overview of publi-
cations.  

Chapter two introduces the theoretical perspectives that have guided the re-
search approach applied. It starts with macro-level discussing the SDGs and cir-
cular economy. Chapter then continues describing generic product develop-
ment perspectives in order to highlight the reasons the focus areas of this re-
search are specifically in the early product development phases. It then contin-
ues to discuss the role of ecodesign in advancing the debate on implementing 
environmental considerations into company practices, and the ways selected 
circular economy aspects are seen as interlinked topics. This chapter then pro-
ceeds to introduce selected human factors.  

Chapter three describes research methods and data used in this dissertation.  
Chapter four is structured in such a way that it enables the locating of results 

labeled as a combination of theoretical foundations and research questions.  
Chapter five discusses research results based on the research questions posed. 

This chapter also reflects these findings with literature and ends by discussing 
the limitations of the research.  

Chapter six concludes the research conducted for the dissertation by discuss-
ing its contributions to the base of knowledge, and by suggesting ideas for future 
research.  
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This chapter discusses theoretical perspectives with a cascading order starting 
from macro-level continuing with meso-level, and ending the chapter with dis-
cussion on individuals at the micro-level.  

 

This section briefly describes two recent developments in which the role of com-
panies is explicitly articulated at macro-level: One is the endorsement of the 
SDGs and the other is the recently accelerated discussion on circular economy.  

First, the emerging concept of circular economy is understood as an umbrella 
thinking that seeks to integrate different schools of thought (Blomsma & 
Brennan 2017; The British Standards Institution 2017). Recent research (e.g. 
Bocken et al. 2016; Ghisellini et al. 2016; Blomsma & Brennan 2017; Reike et al. 
2018), traces concept of circular economy, among others, back to Boulding 
(1966) who described planetary boundaries using term Spaceship Earth, and 
the early understanding of systems thinking (Senge et al. 2008, p.179, 186). Due 
to circular economy’s potentiality to offer a paradigm shift in thinking, its defi-
nitions continue to have various interpretations (The British Standards 
Institution 2017; Kirchherr, Hekkert, et al. 2017; Blomsma & Brennan 2017). In 
the context of this research, a circular economy is defined as a system that is by 
intention restorative for the technical cycles or regenerative for biological cycles 
(Ellen MacArthur Foundation 2013; The British Standards Institution 2017). 

Then, the 2030 Agenda is one of the major globally agreed frameworks to ad-
dress challenges for sustainable development at a planetary scale. The 2030 
Agenda titled “Transforming our world: the 2030 Agenda for sustainable devel-
opment” was adopted as a declaration by 193 nations in United Nations General 
Assembly in September 2015. It contains 17 SDGs with 169 targets and 232 
unique indicators, which are universal and applicable to all countries (Appendix 
1). Despite the large amount of measures, they are interlinked with each other 
also through five themes: people, prosperity, planet, peace, and partnerships. 
(United Nations 2015; UNSTAT 2018b) 

The role of companies’ in achieving the SDGs is critical together with other 
stakeholders, such as governments, civil society organization, and citizens. For 
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instance, the Goal 17 looks at ways to enhance partnerships to tackle these in-
terlinked challenges together. In overall, the role of business can be interpreted 
as twofold: to act responsibly and to innovate solutions to address global chal-
lenges (Global Reporting Initiative & United Nations Global Compact 2018).  

However, achieving the SDGs necessitate a transformational change world-
wide among others in the ways products and services are produced and con-
sumed. Similarly, circular economy is seen as one such solution; yet the concept 
as such was not mentioned in the 2030 Agenda. Instead, the concept was indi-
rectly touched upon in the Goal 12, containing 11 targets, in ensuring sustainable 
consumption and production. For example, target 12.5 states that “By 2030, 
substantially reduce waste generation through prevention, reduction, recycling 
and reuse” (UNSTAT 2018a); yet, the indicator for this target does not contain 
prevention measures.  

Few researchers have already found interlinkages with the SDGs, and the as-
pirations of circular economy. Schroeder et al. (2018) find that circular economy 
and SDGs are directly linked with 21 targets out of 169 targets in total, while 
indirect associations are claimed for an additional 28 targets (Figure 2). More-
over, researchers (ibid.) argue that several more SDGs would benefit from en-
hanced circular economy practices, such as those existing under the Goal 1 re-
garding eradicating poverty. However, it is also argued that circular economy 
concept does not yet contain broader aspects of sustainable development 
(Kirchherr, Reike, et al. 2017). 
 

 

The ways in which companies manage their products and services have impli-
cations to a wider society – both positive and negative. Therefore, it is intriguing 
to explore ways, in which these implications could be sustainable on a longer 
term. And, one appropriate place to start might be where these products and 
services are often initiated: the product development.  
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What is a definition for a process within a company that brings a new idea to a 
market ready for sale? Probably depending on whom this question is asked 
from, different answers would emerge. Someone from the marketing might de-
fine that as new product development without necessary detailing it, a person 
from management might call it an innovation process, a person from supply 
chain background might start mapping it within the supply chain management 
frameworks, and a person with a background from engineering design might 
see it as product development including an iterative process with several pre-
defined steps. Nevertheless, many of these alternatives would likely have some 
kind of a stage-gate process included (Cooper & Edgett 2012, see also Figure 3). 
These potential perspectives add necessary dimensions to address anything 
from idea generation to the ways a product or service actually could be sold in 
the market place, and beyond. They are valuable approaches in increasing the 
understanding of various inputs and outcomes that are needed to effectuate 
such an activity within a company.  

The approach taken in this dissertation is to understand the process as a prod-
uct development process that would include a set of supportive, both managerial 
and operational, structures and processes which are actually practiced beyond 
their documentation (Cooper & Edgett 2012; Ulrich & Eppinger 2012). What 
these structures and processes actually contain, and the ways they are managed 
depends among others on the speed of industry that a company operate in 
(Ulrich & Eppinger 2012). Processes are understood as customized routines to 
communicate, coordinate, and integrate the product development activities 
(Teece et al. 1997). Competences to manage these processes may eventually ma-
ture into dynamic capabilities following a pattern of path-dependence in which 
learning through choices made is assumed to accumulate with time (ibid.). 

Furthermore, employees may perceive the extent of these formal management 
processes differently. For instance, findings from a study among new product 
developers in the United States indicate that 69 percent of respondents consid-
ers their employers’ new product development processes being formally man-
aged (Barczak et al. 2009). However, the percentage drops down to 55 percent, 
when they were asked about the extent of formal processes for a portfolio man-
agement. Nonetheless, the study does observe a trend toward more structured 
product development processes in general. (Ibid..) 

Product development processes are typically customized to fit an organiza-
tional context, and perhaps there is no ‘one solution fits all’ for its successful 
format (ibid.). In addition, several models exist to describe these processes 
(Gero & Kannengiesser 2004; Ulrich & Eppinger 2012; Pahl et al. 2007; Howard 
et al. 2008). Yet, many of these models have one common denominator in ad-
dition to some type of a stage-gate activities. Namely, design activities are likely 
purposefully performed within these proposed models to decide through explo-
ration and learning how to bring about an idea into a form ready for the markets 
in a constrained world (Gero & Kannengiesser 2004; Ulrich & Eppinger 2012). 
One model to describe this design activity is a function-behavior-structure 
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(FBS) model which seeks to establish relationships between these three ele-
ments (Gero & Kannengiesser 2004). Noteworthy in this model is that relation-
ship is not direct between function and structure; instead actual behavior is as-
sumed to guide the structure, and not the expected behavior, as the latter might 
differ from the actual one. 

The function in FBS model is seen as a reason for a given object to exist, while 
the behavior is about what the object is performing, and a structure refers to 
what the object is in terms of linked components (Gero & Kannengiesser 2004). 
On the other hand, Andreasen (2011), suggests understanding a function as 
what the product can do, and what we can do with the product. Meanwhile, 
when discussing the meaning of specifications, Ulrich and Eppinger (2012, 
p.92) refer to what the product has to do. 

One model to describe product development process is depicted in the Figure 
3 below. This figure visualizes how iterative thinking allows to proceed toward 
a final solution through both divergent and convergent stages. What is interest-
ing in this overall model is the lack of explicit considerations of the phases after 
the solution is in use. This is aligned with findings by Howard et al. (2008): 
approximately half the engineering design models that these researchers re-
viewed did not contain implementation as a step within engineering design pro-
cess either, while the rest of those reviewed models did contain it in a form or 
another. 

 

 

Product development largely determines the product characteristics throughout 
the life-cycle, including among others forthcoming product’s functionalities, 
quality, and costs. As an example, in one case study it was examined how much 
design efforts would influence manufacturing costs for coffee kettles (Ulrich & 
Pearson 1998). Researchers estimate that to be around 50 percent when other 
variables were kept the same. Yet, many decisions at early product development 
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are shadowed by uncertainty according to designer’s paradox (Lindahl 2005, 
p.13): once more is known at later phases, less space remains left to maneuver. 

Typical objectives set for product development process include product cost, 
performance, development program expense, and most notably the speed of de-
velopment (Thomke & Reinertsen 1998). Table 3 below depicts examples of po-
tential targets for product development highlighting the various perspectives on 
the ways that targets might be addressed within companies. Barzcak et al. 
(2009) report that around two thirds of the new product development teams 
have specified goals and objectives for their projects, and increasingly so in or-
ganizations that successfully introduce new products to markets. More success-
ful companies would also embrace measures to support cross-functional com-
munication: in these companies, progress is also evaluated with more formal-
ized idea generations processes (ibid.).  

In practical sense, one critical document in product development is the docu-
ment in which the forthcoming product’s requirements, or target specifications, 
are agreed in solution-neutral format (Pahl et al. 2007). This document is usu-
ally regarded as a normative document guiding the next phases of product de-
velopment process being itself an outcome of task clarification and the planning 
phase (ibid.). As visualized in Figure 3 in the previous page, all the early discus-
sion at planning phase are combined into this one document setting the ambi-
tions, or target characteristics, for the forthcoming product so that process may 
then continue iterating again between divergent and convergent stages until fi-
nal solution is ready for sale. Document’s contents are iteratively updated up till 
conceptual stage in which the final product specifications are set including both 
metrics and values attached to them (Ulrich & Eppinger 2012, p.93). For in-
stance, Pahl et al. (2007) provides a list of topical areas to consider within the 
requirements including aspects, such as geometries, materials, quality, and how 
product should be produced, transported, maintained, and how much all this 
may cost. Ulrich and Eppinger (2012) prompt that these should be translated 
into technical specifications based on customer needs. These examples demon-
strate the nature of requirements necessitating cooperation with multiple func-
tions in companies.  

Linking environmental considerations within existing product development 
processes and practices discussed in the previous section are assumed to en-
hance the leverage for their actual implementation (Stevels 2009; Stevels 2016; 
Deutz et al. 2013; Johansson 2002; International Organization for 
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Standardization 2011). This section discusses what is understood by such envi-
ronmentally benign processes and practices called ecodesign. 

One central idea in ecodesign (Table 4), and in life-cycle engineering, is to 
consider the whole lifecycle of a forthcoming product from raw material extrac-
tion to final disposal (International Organization for Standardization 2011; 
Hauschild et al. 2005; Stevels 2016). At large, applying such lifecycle thinking 
in practice would stress a need to consider how to address potential environ-
mental impacts both down- and upstream beyond companies’ direct boundaries 
(Hauschild et al. 2005). However, priority areas differ considerably on what 
these lifecycles would entail in more details (see one example in Figure 4), what 
should be the most prioritized issues in the first place, and how ecodesign 
should be implemented within companies’ product development.  

 
In this dissertation, ecodesign definition incorporates the understanding of 
term as an environmentally benign management approach in product develop-
ment, and related functions such as sourcing, with a purpose to embed environ-
mental considerations into companies’ generic product development processes 
considering the lifecycles of products (Pigosso et al. 2013; Lenox & Ehrenfeld 
1997). Put it differently, this applied definition entails both the application of 
environmental considerations within product development and related func-
tions as a practice, and the management of such practices (International Organ-
ization for Standardization 2011; Pigosso et al. 2013). Hence, it extends among 
others the definition from the EU directive shown in the above Table 4. 

Emerging from the early 1990’s into a broader scale within academia, 
ecodesign matured into an established research domain by the late 1990’s 
(Hauschild et al. 2005; Boks & McAloone 2009; Li et al. 2015). According to 
Boks and McAloone (2009), research has been going through several transitions 
from early attempts that concentrated on the disassembly techniques, to aspects 
including the user-centric design, and product portfolio in recent years. 
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Researchers (ibid.) conclude by suggesting more detailed research on human 
factors, metrics, and customization to advance the discipline. On the other 
hand, Stevels (2009) compares longitudinal progress between topical issues 
within academia versus practice related to ecodesign. Researcher argues, for in-
stance, that while academia pursued the integration of lifecycle thinking, indus-
try was seeking ways to integrate environmental considerations into their busi-
ness in order to meet regulatory demands and to create value (Stevels 2009, p. 
9). Perhaps surprisingly, opinions seem to continue differing in whether cross-
disciplinary discussion should be entailed, or not (Krishnaswamy & Chandran 
2017). If the interest is on implementing environmental considerations within 
product development processes in practice, multi-disciplinary approaches seem 
necessary (Baumann et al. 2002; Pascual, Boks, et al. 2003; Brones & Monteiro 
de Carvalho 2015). 

Lenox and Ehrenfeld (1997) postulates that environmental design capabilities 
(called ecodesign capabilities thereafter) consist of three dimensions at the 
meso-level. These capabilities reside in companies’ processes  

• to create knowledge structures in expertise for environmental consider-
ations,  

• to interpret these environmental considerations as so valued elements 
that they would be incorporated into the product development pro-
cesses, and 

• to communicate what is expected regarding environmental considera-
tions.  

These three ecodesign capabilities are assumed to take time to mature simi-
larly to generic product development capabilities (Teece et al. 1997). As an ex-
ample, the way path-dependence has accumulated into dynamic capabilities for 
ecodesign is documented in one company providing energy-using products 
(Stevels 2009; Stevels 2016), similarly to another research (O’Hare 2010). 
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Brones and Monteiro de Carvalho (2015) suggest that environmental consider-
ations should be integrated into three levels within product development in-
cluding tactical, process, and strategic levels. For example, findings by Deutz et 
al. (2013) show that it may be infrequent to include environmental issues in the 
functional requirements, and in the design process in overall. To assess the ex-
tent of formal implementation, it might be insightful to also understand what 
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type of role is given to environmental considerations, and what types of com-
munication networks and knowledge structures are established to support their 
implementation (Johansson & Magnusson 2006; Lenox & Ehrenfeld 1997).  

Implementing ecodesign is not without its challenges (Dekoninck et al. 2016; 
Handfield et al. 2001; Boks 2006; Short et al. 2012). Stevels (2016) postulates 
that internal and external value chain issues related to flow of information, ma-
terial, and money may be equally important – if not more important in deter-
mining the way the product characteristics may end up being. And specially so 
if emotionally laden-topics, such as environmental topics, are to be considered 
within these value chains.  

One way to approach implementation issues is to examine the ways environ-
mental considerations are operationalized formally in the product development 
processes. Table 5 in the previous page provides examples of the extent of 
ecodesign implementation based on selected empirical research. As can be seen 
from the table, different ways to define this is applied in empirical research.  

For instance, one French study finds that one in five companies had opera-
tionalized environmental considerations in all their products, whereas 13 per-
cent of respondents reports doing so in one or more products (ADEME 2010). 
In another study, it is shown that 25 percent of small and medium-sized com-
panies in 28 European countries “design products that are easier to maintain, 
repair or reuse” (TNS political & social 2018). Such internal activities might be 
communicated for example so that company offers green products or services: 
In this European-wide study, 24 percent of the SMEs reports doing so compared 
to 49 percent of larger companies (ibid.). 

To start with assessing the extent of current ecodesign practices, quantitative 
measurable environmental performance metrics, as a proxy for knowledge and 
communication within the ecodesign capabilities, could demonstrate the cur-
rent maturity level of such practices (Haapala, Karl et al. 2013; Krishnan & 
Ulrich 2001; Sroufe et al. 2002). To emphasize the relevance of this, Donnelly 
et al. (2006) demonstrate how environmental objectives and targets glue the 
company’s environmental product management, and product development pro-
cesses together. Linking the discussion from the section 2.2, Table 6 below pro-
vides examples of potential targets that could be chosen to address environmen-
tal aspects related to product development. These examples exhibit the ways 
that the focus of targets may shift depending on the outcome perspectives, and 
the maturity level of ecodesign practices (Pigosso et al. 2013). The type of met-
rics could also be categorized into two: those related to products –specific or 
generic concerning the whole product portfolio-, or to the ecodesign process 
(International Organization for Standardization 2011). 
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As previously mentioned, early phases of product development are assumed to 
largely determine the intended product functionalities. It is similarly assumed 
that the forthcoming environmental fate for these product characteristics be-
come largely locked-in during these early phases where trade-offs need to be 
tackled with (McAloone et al. 1998; Luttropp & Lagerstedt 2006; International 
Organization for Standardization 2011). In a recent article, Deutz et al. (2013) 
posit that environmental considerations should be included within functional 
requirements with an idea that considerations for what a given product should 
accomplish in this regard, should expand beyond the use phase to also include 
other lifecycle phases. Although this suggestion may first sound compelling to 
the proponents of ecodesign, however, functionality should carefully be defined 
as it may have more meanings than a behavior, as discussed in the previous sec-
tion. Furthermore, findings by Petala et al. (2010) show that merely including 
sustainability topics within design briefs without a proper consideration, or ac-
tionable elements, may not bring about the desired outcomes. So, in addition to 
the physical functionality as to the ways the forthcoming product behaves, care 
should be taken to determine the amount of such functionalities to be included 
(Stevels 2016, p.46). Stevels (ibid.) categorizes functionality thinking into four 
dimensions in which environmental issues could be considered among other as-
pects. These dimensions include the aforementioned physical functionality, and 
the aspects of economical, emotional, and intangible functionalities. The ques-
tion is how to determine these along several lifecycle stages of a forthcoming 
product. 

Handfield et al. (2001) and McAloone et al. (1998) suggest to address re-
sponses to potentially adverse environmental impacts early in the product de-
velopment, and to consider them on a par with other criteria before the require-
ments are settled on. It is assumed that if environmental considerations are ex-
cluded from these early phases in the first place, likelihood will increase for their 
absence in the product development process later on. To enhance this early in-
clusion, Dewulf (2013) argues that more research is needed to better understand 
how to integrate sustainable design into this front end of the design. For in-
stance, prioritization of related potential targets should occur at some point in 
these early stages; Then, they may be better refined into the actual product spec-
ifications in the process later (International Organization for Standardization 
2011; Issa et al. 2015). 

It is important to acknowledge that environmental topics are but one set of 
trade-offs that needs to be tackled in the product development (Luttropp & 
Lagerstedt 2006; International Organization for Standardization 2011). In ad-
dition, each set of a new topics will add complexity to the decision-making situ-
ations. In order to broadly clarify these complexities, Prendeville et al. (2017) 
propose to categorize trade-offs into four dilemma dimensions that constraint 
the product development decisions. These four dilemma dimensions include 
characterizations of dilemmas into opposite directions, hierarchical directions, 
contradictions, or that issues to be considered might be simply overlapping with 
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each other. All these potential dimensions would create tensions in the decision-
making situations. 

This section has discussed on the how aspects of the ecodesign implementa-
tion without detailing environmental aspects. Three environmental aspects -
emissions, potential toxicity, and resources– are assumed to cover the overarch-
ing understanding of the environmental issues (Boks & Stevels 2007; Stevels 
2015, p.16). In the next section, circular economy lens is used to discuss selected 
issues concerning the aspect of resources. 

One starting point for any of the potential circular economy strategies that a 
company may opt-in, is the issue on how to make its value chains more circular 
in a world of complex products, globalized networks, and markets. Two poten-
tial range of circularities are assumed possible: products or materials, or some-
thing in between them depending on, among others, on their inherent complex-
ities. More importantly, choices made within this continuum, as visualized in 
Figure 5 below, will have an impact on suitable business models that would 
likely differ from each other toward either slowing or closing the loops (Stahel 
2016; Bocken et al. 2016). For the product development, these choices would 
provide different impetus in practice if circularity were targeted rather through 
products than materials, or vice versa. In addition, the system in which these 
products would be introduced, will also have an impact to the potentiality of the 
circularity on chosen dimensions to actually occur. (European Environment 
Agency 2017; The British Standards Institution 2017). 
 

 

Before such choices toward circularity could be pursued more effectively in the 
product development, it is argued that internal stakeholders from various back-
grounds should share the understanding what is meant with these potential 
choices more unambiguously. According to The British Standards Institution 
(2017), such discussions are pivotal in order to frame and scope the intended 
circular economy strategies. For instance, one friction may arise in the micro-
level if some individuals perceive these choices as opportunities while others 
might view them as a challenge instead (Sharma 2000). Before making a choice, 
a proper discussion for shared definition of potential options is expected to sup-
port alignment of the forthcoming priorities for instance, within product devel-
opment phases. When such discussions are delayed to later stages of product 
development, they may lead to sub-optimal outcomes due to less design space 
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available to influence product characteristics (McAloone et al. 1998; Tanskanen 
& Takala 2003).  

One way to increase such shared understanding is to properly discuss the def-
initions for end-of-life (EoL), although within the recent circular economy aspi-
rations there seem even ambitions to replace the need for the EoL altogether 
(den Hollander et al. 2017; Kirchherr, Reike, et al. 2017; Ellen MacArthur 
Foundation 2013). Nonetheless, extant research provides abundant definitions 
for end-of-life to choose from, it is not necessarily unambiguously defined in 
regulatory frameworks (Gharfalkar et al. 2016; Sihvonen & Ritola 2015). For 
those in product development that are not yet familiar with waste management 
issues, the term end-of-life might easily connote with understanding it literally. 
To counter this, some researchers tend to frame term more positively. For ex-
ample, Ciceri et al. (2010) contextualize ending as part of the three group of 
lives: Beginning of life (BOL), Middle of Life (MOL), and then End-of-Life 
(EOL). Another proposal is to pronounce its outcome as a New Life (Peeters & 
Dewulf 2012). These researchers exclude incineration, illegal waste treatment, 
and landfill in their proposal (ibid.). Sometimes, term retirement is used to re-
place term EoL (Telenko et al. 2008). So, it is assumed that it may not always 
be clear what is actually ending; for example, whether it is the useful life in over-
all (Murakami et al. 2017) or the end of the first life (Allwood et al. 2011).  

In this research, EoL strategies are envisioned as ReX strategies. ReX stands 
for Re- for a prefix meaning ‘afresh’, ‘new’, originating from Latin (‘back’ and 
‘again’) (Oxford living Dictionaries 2017b). X is for various options to develop a 
forthcoming product considering its lifecycle from a perspective of one or sev-
eral users: before it is in use (Pre-use), during use (Use), and after use (Post-
use). Term ReX seeks to inspire individuals early in the product development 
by positively inducing increased shared understanding what could be targeted 
for.  

Figure 6 in the next page provides an illustration the ways these alternatives 
could be positioned within different lifecycle phases highlighting the im-
portance of each. This explicitly includes that of prevention possibilities during 
the Pre-use phase acknowledging their controversial role (Kirchherr, Hekkert, 
et al. 2017; Lansink 2014). In addition, Table 7 in page 30 provides their differ-
entiating aspects in terms of quality, identity and level of disassembly. Sihvonen 
and Ritola (2015) have built this proposal on ReX strategies based on systematic 
literature review, EU’s waste hierarchy (European Union 2008), and an overall 
ecodesign framework guidelines by Luttropp and Lagerstedt (2006). Similar to 
the study by Peeters and Dewulf (2012), landfill and incineration are explicitly 
excluded as no-ReX strategies. This type of thinking is similar to circular econ-
omy’s aspirational “design out waste” ideal, in which it is envisioned to replace 
waste with these types of strategies (Kirchherr, Reike, et al. 2017; den Hollander 
et al. 2017; Bakker et al. 2014; Ellen MacArthur Foundation 2013; The British 
Standards Institution 2017). 

Two considerations are assumed to provide leverage for circularity of product 
flows: recognizing product’s adverse impact on natural environment from the 
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lifecycle perspective, and seeking to establish aspirations for extension of life-
time in use (Ardente & Mathieux 2014; Dalhammar 2016; Bakker et al. 2014; 
den Hollander et al. 2017). 

 

 

To reiterate, one primary concern within circular economy perspective pertains 
on issues how to extend the use phase of products. Examples of such reuse al-
ternatives may range from direct reuse to repair, refurbish to remanufacturing 
activities (Figure 6). Different meaning attached to these terms may create con-
fusion what these different approaches signify in practice, and hence, hindering 
their advancement (Gharfalkar et al. 2016; Sihvonen & Ritola 2015; Hatcher et 
al. 2011). For instance, if remanufactured products are offered both with and 
without warranties, customers may not differentiate between products treated 
this way, and with simple repair or refurbished products (Gharfalkar et al. 2016; 
Tan et al. 2014). In addition, fundamental shifts in earning logic might be forth-
coming if ReX strategy toward remanufacturing were pursued. Such a strategy 
would necessitate considerations of systems of products in addition to the sys-
tem of single products (Manzini and Vezzoli cited in Ramani et al. 2010, The 
British Standards Institution 2017). 
  Post-use, as understood in this research, concerns various recycling processes 
ensuring collection and treatment of products, and recovery of hazardous or val-
uable materials from them (Ilgin & Gupta 2010). Such recovery activities would 
have outcomes categorized, according to European Commission (2018b), as “re-
covered materials” to denote articles, mixtures or substances identified as no 
longer waste, while “recycled materials” would then be understood as materials 
still potentially regarded as waste. And before this, companies should under-
stand what are these volumes (see also Table 6). To increase this understanding, 
companies are encouraged to report volumes of their reclaimed products while 
disclosing their progress on SDGs, namely when reporting on the SDG12, 
SDG12.5 (Global Reporting Initiative & United Nations Global Compact 2017, 
p.142). 
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The efficacy of these recovery processes may be enhanced with decisions made 
earlier in the product development. For example, identification of materials and 
choosing compatible material groupings would enhance their recovery activities 
(Issa et al. 2015; Khor & Udin 2013; Luttropp & Lagerstedt 2006). To support 
this, Deutz et al. (2013) argue that functionality considerations should indeed 
entail more than just use phase in order to support, for instance, the recovera-
bility of valuable or hazardous materials at post-use phase. 

A practical start toward this direction might be committing to quantitative tar-
gets for reclaiming products through various types of take-back programs. This 
might further induce emergence of different types of external value chain part-
ners in addition to upstream partners enhancing the compatible product prop-
erties for recovery (Stevels 2016; The British Standards Institution 2017). 

This might necessitate among others a deeper understanding of the disassem-
bly aspects together with downstream partners, such as recyclers. As an exam-
ple, this cooperation with recyclers is encouraged among producers of electron-
ics or electric equipment in the Directive on Waste of Electronic and Electrical 
Equipment (European Union 2012). To illustrate, Khor and Udin (2013) find 
that design for disassembly is linked with extending the use of products through 
repair, remanufacturing or reconditioning within electrical and electronics sec-
tor. Researchers (ibid.) argue that despite this understanding, sector’s common 
strategy is to simply repair or dispose products. This result was based on a quan-
titative survey conducted in Malaysia.  

In this dissertation, the interest for durability considerations stems from the 
realization that durability of products has been claimed as one of the key issues 
within a circular economy concept, with even financial incentives planned to 
incentivize its adoption (European Commission 2017). To start with, term du-
rability has its origin in Latin: durus stands for ‘hard’, and durabilis ‘to last’ 
(Oxford living Dictionaries 2017a).  

Ardente et al. (2012, p.17) point out that the way durability is comprehended 
does influence on the choice of key issues, and how they are prioritized within 
product development. As an example, activities to enhance the longevity of ma-
terial properties of a product, or its intended function would both provide an 
opportunity to enhance product’s durability; but, in different ways (Ardente & 
Mathieux 2014). As illustrated in Figure 5, contradictions may also occur be-
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tween choosing durability over products or materials. Put it differently, for in-
stance, a choice of material mixtures and joining techniques would influence the 
types of activities that are possible for repair or remanufacture, or for the recov-
ery activities at post-use phase. Prendeville et al. (2017) demonstrate how the 
choice of more durable materials for use phase contradicts with possibilities to 
recover them later at post-use phase in the case of office chairs. In another ex-
ample, Parajuly et al. (2016) examine the ways recovery aspects are considerd 
for robotic vacuum cleaners, an emergent product category. Study (ibid.) shows 
how both the incompatible materials and unaligned wire positions prevent re-
covery activities for these products in practice.  

In the context of companies, Bundgaard et al. (2017) claim that durability as-
pects may not be seen desirable by the industry that is increasingly seeking to 
gear toward resource efficiency, although these aspects are increasingly pro-
moted by the EU. Researchers (ibid.) suggest to have durability aspects incor-
porated into the regulatory frameworks to ensure their implementation, instead 
of only relying on self-regulatory mechanisms. This argument is based on two 
case studies in which these researchers examined the integration of resource 
efficiency measures into the so-called Ecodesign directive (European Union 
2009). In contrast, Dalhammar (2016) finds slightly different opinions from in-
dustry through qualitative interviews. Namely, although generic positive atti-
tudes toward durability were found, more specific durability aspects, such as 
warranties, received more negative attitudes.  

Moreover, one way to address durability issues concerns understanding of a 
product’s emotional dimensions, or emotional durability (Niinimäki 2011). In 
this approach, emotional durability aims to establish longer lasting relationship 
with a product by extending the individual’s attachment and satisfaction aspects 
(ibid.). In a similar vein, Stevels (2016) discusses this alongside the dimension 
of an emotional functionality aspect with an example: feeling good. A practical 
example on this aspect is given in a study by Fitzpatrick et al. (2014). This study 
reports results for a pilot seeking to enhance an emotional attachment for a 
computer: a tactical pleasure was enhanced by introducing a wooden framed 
computer. This is of a relevance, as useful lifetime along the use phase may con-
siderably differentiate between aspects of technical and emotional durability 
(Niinimäki 2011; Fitzpatrick et al. 2014; Stevels 2009; Bakker et al. 2014; den 
Hollander et al. 2017).  

Two environmentally related topics, namely durability and lifecycle, are typi-
cally discussed together, although the way they are categorized together may 
differ. As an example, Pigosso et al. (2013) propose to categorize lifecycle as a 
management practice, and durability aspects as an operational practice. These 
operational aspects on durability would include discussion on material or prod-
uct lifespan extension (ibid.). In contrast, Tecchio et al. (2017) propose to cate-
gorize “extend the lifetime” as an example of overall policy goal toward material 
efficiency. In this proposal, the durability consideration is seen as a topic within 
the material efficiency. In recent guidelines for implementing circular economy 
in organizations, durability aspects are similarly positioned as overall goals (The 
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British Standards Institution 2017). However, as visualized in Table 1 in Publi-
cation 3, often durability aspects are regarded as operational ones, and therefore 
their implementation guidelines are targeted for product developers. Neverthe-
less, it is argued that addressing these two topics would provide leverage toward 
strategies enhancing circular economy. 

One early indication of implementation levels for circular economy is provided 
in a survey among 272 sustainability professionals from 151 organizations (BSR 
& Globescan 2016): approximately one in three considered that circular econ-
omy principles had been implemented in their organizations, most notably 
within product development, as well as considerations for cross-sector collabo-
rations and business models were reported. However, it is not clear what is 
meant with implementing circular economy core principles in the survey. 

To conclude, this section has approached circular economy concept from the 
interpretative and communicative standpoints postulated by the ecodesign ca-
pability framework discussed in 2.3. Moreover, plentiful research exists for sup-
porting circular economy related thinking and practices from the knowledge di-
mension within the ecodesign capability framework. For instance, recovery of 
the materials, substances, and the ways to enhance disassembly, are examples 
of topics that have been in agenda for ecodesign research since the early days 
(Boks & McAloone 2009; Pascual, Boks, et al. 2003; Vanegas et al. 2018). How-
ever, this current research examines further the ways that may enhance the im-
plementation of such activities within product development, and therefore, we 
now turn to softer side of the ecodesign.  

This section details the role of individuals at the micro-level, thus expanding the 
discussion into human factors influencing the ecodesign implementation. To 
this end, soft-side of ecodesign emphasizes, among others, a need for a better 
understanding of personal views and objectives, as well as language and com-
munication (Boks 2006). These are understood as examples of human factors. 

One way to discuss this is to apply the three ecodesign capabilities discussed 
earlier at the meso-level (Please, see 2.3). These three capability dimensions –
knowledge, interpretations, communications- are extended to the micro-level 
with a focus on individuals that are a vital part of accumulating such capabili-
ties. The Figure 7 in the next page illustrates the ways in which these ecodesign 
capabilities (Lenox & Ehrenfeld 1997), ecodesign implementation framework 
(Tingström 2007) and selected topics posited by Stevels (2016, p.25) could be 
positioned together within this research framework.  

Applied ecodesign seems to broadly interconnect these three dimensions of 
ecodesign capabilities -knowledge, interpretation, and communication– as a 
necessary interplay for implementing environmentally relevant practices within 
companies’ internal value chains (Stevels 2009). Namely, it emphasizes the role 
between an actual technical understanding of environmentally sound solutions, 
and the role that an individual’s attitudes may have in implementing such prac-
tices.  
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To illustrate this, the main constraints preventing product developers from 
adopting the use of ecodesign tools are found to include the usability of tools, 
the ease of understanding them, and the understanding that a given tool should 
indeed fulfill a requirement set for the task in the first place (Lindahl 2005). If 
the dimensions of ecodesign capabilities are applied to this example, the follow-
ing might be conjectured. The first two aspects - sense of usability and easiness 
- may stem from interpretational aspects, while the last one could be related 
more to the knowledge dimension, such as training. Namely, according to Ting-
ström (2007), simply launching such tools without training on broader issues 
linked with the reasoning to use tools would not support their implementation. 

 

 

One way in which different personal views and objectives may have an influence 
on ecodesign implementation is their impact on behavior. This may emerge as 
different behaviors practiced to advance issues internally between so-called pro-
ponents and executors of ecodesign (Boks & McAloone 2009; Boks 2006; 
Handfield et al. 2001). For example, Magnusson and Johansson (2006) exam-
ine the different ways in which environmental considerations are interpreted, 
as well as their impact in practice. They report that those members of the prod-
uct development project expected to realize environmental considerations into 
their respective work tasks did not consider environmental considerations to be 
a requirement, and thereby excluded them. The study (ibid.) shows that one 
reason for this non-compliance was the lack of translating environmental re-
quirements into corresponding technical requirements, and that they were not 
considered to be a ‘must’ requirement in the first place. By applying the 
ecodesign capabilities to this example, this may be understood to be a combina-
tion of the interpretation and communication issue.  
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Turning to the communication dimension within ecodesign capabilities, this 
dimension could be further understood through the points raised within the 
soft-side of ecodesign. Based on a qualitative study within the electronics sector, 
Boks (2006) posits that a successful dissemination of environmental infor-
mation within organizations is hampered by the following three issues: a gap 
between executors and proponents, structural complexities, and an absence of 
cooperation between departments. Answering these topics in more details 
might again interlink the dimension of interpretational aspects between these 
communication issues. For instance, is it a question of incentives to which, for 
instance, self-determination theory might provide some insights at the micro-
level (Graves et al. 2013; Gagne & Deci 2005). Self-determination theory con-
sider incentives applicable to individuals who are not self-motivated, i.e. intrin-
sically motivated, to act towards a desired direction. Instead, such individuals 
receive motivation from external, extrinsic, factors, such as receiving incentives 
(see more in Gagne and Deci 2005). Or, might other types of motivational rea-
sons exist hidden behind it, too?  

To answer this, for example, Short et al. (2012) approach sustainable product 
design implementation issues from the perspective of the theory of risk-aver-
sion. Researchers conducted a quantitative survey among companies in Sweden 
and in the United Kingdom in order to assess sustainability related practices in 
product development. Based on their findings, researchers argued that an indi-
vidual’s risk-avoidance might be one of the reasons hindering the emergence of 
sustainability related practices in product development. This is also reported 
among the potential barriers to implement circular economy thinking within 
organizations in a recent interview study (Ritzen & Ölundh Sandström 2017). 
Similarly, in a company-level study looking at ecodesign implementation, it is 
found that resistance to change is among the factors that needs be considered 
along with organizational culture, empowerment and internal communication 
(Verhulst 2012, p.212).  

The study by Short et al (2012) further shows that “own belief” emerged as the 
third most frequently mentioned reason to engage with sustainable design. In a 
similar vein, an individual’s interest in engaging with ecodesign is raised as an 
additional item into a framework addressing ecodesign implementation chal-
lenges (Dekoninck et al. 2016). This framework by Dekoninck et al. contains 
categories for strategy, tools, collaboration, management, and knowledge. Re-
searchers add an additional motivational aspect to the category of management 
based on a case study where the proposed framework was assessed (ibid.).  

Furthermore, Boks (2006) reasons that even the emotional aspects might be 
at play in better understanding the issues of ecodesign implementation. Simi-
larly, the role of emotions has been increasingly studied in order to understand 
the motivational factors behind the environmentally benign behavior at the 
workplace in general (Inoue & Alfaro-Barrantes 2015). In addition, one recent 
interest within the research into emotions includes better understanding the 
role of positive emotions. Research by Fredrickson (2003) posits that positive 
emotions broaden an individual’s creative and problem-solving capabilities, 
hence influencing individuals through thought-tendencies rather than action-
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tendencies. Amabile et al. (2005) investigate these findings on positive emo-
tions among people working in projects including those working with product 
development. Researchers conclude that a positive affect broadens the creativity 
spaces in the sample. To continue from this, it is argued that embracing envi-
ronmental considerations in a positive context might similarly bring about more 
environmental benign behaviors within product development, such as en-
hanced ecodesign practices. An example of a similar type of suggestion is found 
for instance in McAloone et al. (1998), in which also the role of environmental 
champions is pronounced.  

One way to deepen the interpretation dimension within ecodesign capabilities 
is to approach it through systems thinking. As mentioned earlier (see 2.3), in-
terpretation capability dimension refers to interpreting environmental consid-
erations so valued that these considerations would be put into practice within 
the respective work tasks. In systems thinking approach (Sterman 2000; Senge 
2006; Forrester 1993), basis for interpretations stems from the mental models. 
Namely, the way real world is observed to behave is understood to be largely 
based on mental models which create the perceived structure of a given ob-
served system (Figure 8). These mental models form interrelationships with dif-
ferent factors constituting the system, also called a cognitive web of interde-
pendences (Hämäläinen et al. 2014; Senge et al. 2008). Therefore, when work-
ing with systems, such as using system dynamics, the first action could be to 
seek out to explicate these mental models to the greatest extent possible 
(Sterman 2000). It is usually recommended to start with mapping topics of in-
terests applying causal loops. Although mapping is based on explicated assump-
tions at the bivariate association level, it helps to visualize potential larger feed-
back loops that may demonstrate delayed impacts between explicated variables. 
For those involved with a such mapping, it would assist in explicating interpre-
tations of a given behavior, and to agree on a shared one (Senge et al. 2008; 
Hämäläinen et al. 2014; The British Standards Institution 2017; Sterman 
2000).  

Figure 8 in the next page visualizes the posited influence of these mental mod-
els consisting of human factors, such as individual’s attitudes, beliefs and values 
(cf. Senge 2006, p.163; Senge 2008, p.176). Values are understood as the extent 
of topics considered important by an individual; whereas beliefs are more about 
the extent of considering true that relationship exist between specific beliefs or 
topics, such as values. Attitudes are understood as an evaluative approach to 
various topics on a continuum from favorable to non-favorable. An individual’s 
mental models are assumed to govern the perceived reality, and even actual be-
havior (Senge 2006; Senge et al. 2008; Hämäläinen et al. 2014). As the Figure 
8 illustrates, they are assumed to provide among others rules for decision-mak-
ing; for instance, in the context of product development, Ford and Sterman 
(1998) demonstrate that the assumed time to complete a task was compre-
hended differently by different members in the team. This resulted in a different 
understanding of the leverage of each stage in product development, which in 
turn created an overall misunderstanding of the project’s task completion rates.  
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In the context of ecodesign, one relevant interpretation structure could be 
based on individuals’ basic assumptions related to environmental issues. These 
assumptions may constitute of beliefs on various relationship dimensions be-
tween humans and the natural environment. To estimate the extent of these re-
lationships, Dunlap et al. (2000) propose one measure, the New Ecological Par-
adigm (NEP). This NEP measure seeks to capture the essence of an individual’s 
beliefs on these relationships representing what is called an ecological 
worldview (ibid.). It taps into these relationships through two broader dimen-
sions: one related to the role of humans influencing the natural environment, 
and the other one related to the current state of affairs in the natural environ-
ment (Lau et al. 2016).  

Dunlap et el. (2000) categorize the ecological worldview into five dimensions. 
These five dimensions range from agreeing with the relationship statements 
such as the potentiality of eco-crisis, balance of nature, or limits of growth, to 
the potential dominant role of humans over nature. Agreement with such state-
ments are anticipated to expose an individual’s core beliefs on the interplay be-
tween the natural environment and humans. Although these items are stated on 
a generic level, they are expected to also potentially relate to more specific envi-
ronmental topics (Stern 2000; Stern et al. 1995). In addition, it is anticipated 
that they evolve gradually in ceaseless interaction with constrained external en-
vironment (ibid.). In this dissertation, ecological concern denotes these generic 
ecological beliefs. 

 

 

Although NEP’s potentiality to deepen understanding on the implementation 
issues within the soft-side of ecodesign may seem insightful, studies have pro-
vided mixed results measuring relationships between actual behavior and the 
NEP within companies in general (Publication 3). Furthermore, no published 
results are found on the potential relationships between the NEP, and people 
working in product development. On the other hand, the aforementioned re-
sults by Short et al. (2012) show some indication in this direction, although the 
NEP measure was not used. In addition, it is argued that the NEP might enable 
a deeper understanding of the differences between the proponents and non-pro-
ponents. As an example, Lau et al. (2016) report findings on what researchers 
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call “humans over nature”, as a latent structure among project managers when 
investigating NEP measure in Malaysia. 

Based on this discussion, it is argued that an improved understanding of per-
ceptions at the micro-level may clarify the underlying thinking premises among 
others related to issues surrounding enhancing circular economy within prod-
uct development. Individual mental models are seen to govern applied lan-
guage, for instance, around ReX strategies; moreover, gaining an opportunity to 
better explicate them through discussions might also allow their expansion 
(Senge 2006; Senge et al. 2008). As an example, the way an individual inter-
prets a given context related to ReX strategies may be understood by the lan-
guage the individual uses, including terms and arguments applied. 

To elaborate the use of language more broadly, the following example is pro-
vided. As the intention of a product development project is to bring a new prod-
uct to the market, it is plausible that this intention is often framed as a brand-
new product within discussions in the product development teams. However, 
what if the term used in these discussions would be a brand-old product instead 
of a brand-new? This term might be associated closer to the ecodesign thinking 
similarly to “brand-renewed” (Hood 2016). This example seeks to envision the 
way a positively laden impetus in language might provide different stimulus in 
the context of product development inclined to novelty (O’Hare 2010, p.42). 
Similarly, a positively sounding term presource has been suggested to denote 
“obsolete products waiting for recovery” (den Hollander et al. 2017).  

It is argued that using positively laden terminologies might provide inspira-
tion to broaden thinking alternatives of the lifecycle phases towards which a 
forthcoming product could be targeted. This coincides with a recent broader 
discussion on circular economy, in which it is also argued that perhaps the main 
novelty in current discussions on circular economy relies on seeking to change 
“attitude of mind”, among others about “moving from the idea of consuming” to 
using of materials (Ashby 2016, p. 212, 221).  

This section has discussed ways in which examining individuals (see also 
Lindahl 2005) provide complementary understanding to the company level re-
search (Verhulst 2012) on human factors potentially influencing ecodesign im-
plementation. Lozano (2014) posits that several research levels are indeed nec-
essary to attain sustainability. These levels include individuals, teams and or-
ganization that all interact and influence each other. In systems thinking, it is 
postulated similarly that individuals, as part of systems, both influence and are 
influenced by the various systems they are part of (Hämäläinen et al. 2014).  

Individuals working in the product development teams are constrained by 
their own mental models, in addition to their organizational constraints. On the 
other hand, individuals may also have a possibility to influence organization 
among others through their respective teams (Lozano 2014). An examination of 
these aspects based on among others organizational and behavioral theories 
(Brones et al. 2017) could deepen the understanding of ecodesign implementa-
tion issues. For instance, organizational policies may be interpreted by individ-
uals either as impeding or enhancing the consideration of environmental topics 
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within their work, regardless of communication from management, or the avail-
ability of tools or methods (Lenox & Ehrenfeld 1997). To conclude, this section 
set out to discuss human factors within soft-side of ecodesign. It was discussed 
how internal value chains are comprised of individuals with their interpreta-
tions of acceptable environmental benign practices; and as mentioned earlier, 
such interpretations may influence more than anticipated (Stevels 2009; see 
also Kirchherr, Hekkert et al. 2017). The potential extent of such influence is 
explored empirically next. 

 



39

 

This chapter discusses the research methods and data used in the dissertation. 
More detailed information on these topics can be found in the respective publi-
cations located at the end of this dissertation.  

In this dissertation, the overall research approach is descriptive with the pur-
pose of exploring the selected characteristics of enhanced ecodesign implemen-
tation practices, their extent and potential relationships. The actual research 
methodology (Malhotra 2004) iteratively applied is as follows. It begun with 
formulating the research problem and objective as well as the approaches to ad-
dress them by also formulating the research questions. It then moved to choos-
ing underlying theories through a literature review, and selecting a research de-
sign. The overall research approach suggested that quantitative research might 
be appropriate (Creswell 2003, p.93). Next, chosen research methods were ap-
plied. The types of research methods applied in this dissertation are a survey 
and content analysis. Publications 1 and 3 are based on the survey, and the Pub-
lication 2 on the content analysis.  

The methodological approach applied in Publication 1 follows broadly the 
mental database approach by Forrester (1993). In this approach, the observable 
world is assumed to consist of three levels. The overall level consists of observed 
policies and structures, the middle level is about perceived expectations about 
the topic or behavior in question, and the third level refers to actual behaviors.  

Using a survey as a research method provides a way to observe a real-world 
phenomenon through the perceptions that respondents offer when they answer 
the survey. In this research, the observer is an individual at micro-level perceiv-
ing these ecodesign practices. After conducting the survey by collecting the data, 
data is prepared for analysis before the results are presented. By applying this 
type of empirical approach quantitatively, it is possible to both extend and vali-
date constructs from similar research, as well as test new constructs. This re-
search design contributes to the knowledge by studying individuals as the unit 
of analysis, which allows assessment of relationships with selected attitudinal 
factors, and ecodesign practices (Table 1 in Publication 1). 
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Content analysis is a systematic research method enabling the investigation of 
existing content, for example visuals or texts, for potential trends and patterns 
of the observed phenomenon (Krippendorf 2004). It is regarded as an unobtru-
sive research method enabling researchers to examine phenomenon of interest 
that might be otherwise inaccessible. For instance, researchers may infer aware-
ness of a concept by simply assessing its existence or absence in the given data. 
(Ibid..) Its benefits also include being able to access the original source as many 
times as needed in contrast to case studies or surveys. For these latter forms of 
inquiries, there are usually records used to store answers that are bound by 
questions asked, and the way they are asked (Tangpong 2011). Although the data 
may initially be unstandardized due to its qualitative characteristics, content 
analysis provides a systematic way to compile results into a format allowing 
both qualitative and quantitative analysis to be derived from the data 
(Krippendorf 2004; Mahapatra et al. 2015; Tangpong 2011). 

In Publication 2, content analysis is applied as the research method. Content 
analysis comprises of designing, collecting, preparing data for the analysis, and 
the actual analysis. Analyzing sustainability reports with this research method 
has now emerged as an insightful way to gather data. Today, more standardized 
sustainability reporting frameworks, for example from Global Reporting Initia-
tive (GRI), are being applied by companies worldwide (KPMG 2015; Tangpong 
2011). However, it has seldom been used to quantitatively assess ecodesign 
practices (see Table 1 in Publication 2). Therefore, this research contributes to 
the literature by exploring applicability of this type of research method to assess 
ecodesign practices in companies. Guidelines from Krippendorf (2004) and 
Tangpong (2011) are iteratively applied in Publication 2, in which six hypothe-
ses are derived from the research questions posed. The actual steps for content 
analysis include the collection of data, their codification, and analysis (Weber 
cited in Tangpong 2011).  

As a methodological approach, Publication 3 follows the concept of classic 
causas based on the Aristotelian way of inquiring (Saarinen 1997, p.54-56), as 
one methodological approach to frame the discussion from various perspec-
tives. The causas applied are causa materialis, causa efficiencis, and causa for-
malis, while causa finalis is excluded. In a way, this seeks to provide relation-
ships in a format that supports observing the world with elements that the au-
thor considers an important focus of attention (Weick 1989). 

This section introduces the types of data used in the dissertation. A survey is 
used to gather primary data for the Publications 1 and 3. In Publication 2, data 
is primarily derived from sustainability reports. Additional data is gathered 
from the CDP (formerly known as Carbon Disclosure Project) website for one 
item to assess external environmental performance. In both cases, the judge-
mental non-probability sampling (Malhotra 2004, p.320) was applied to gather 
data. 
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Data analyzed in Publications 1 and 3 was collected with a same online survey 
allowing respondents to reply anonymously between June and August 2014. Re-
spondents’ belonged to the chosen sampling frame, The Federation of Finnish 
Technology Industries member companies that present a range of industries, 
and approximately 50 percent of Finland’s research and development invest-
ments, and exports in 2013 (Teknologiateollisuus 2014). A judgmental 
nonprobability sampling was based on drawing these employees from the asso-
ciation’s environmental topic-related mailing lists and working group. These re-
spondents, totaling 51 in Publication 1, and 45 in Publication 3, work in larger 
manufacturing companies with mainly business-to-business customers. When 
compared with the sampling frame, these companies are biased toward metals 
and mining industries, and larger sized companies. The respondents themselves 
were highly educated, and they represented various functions. A more detailed 
description of the sample characteristics may be found in Publication 1, Table 2. 

The level of analysis in Publication 2 is at company level with the purpose of 
assessing adoption of selected ecodesign activities at the meso-level. Assessed 
companies are part of the ICT sector with a bias toward manufacturing elec-
tronic and electric equipment and components, due to the sampling criteria fol-
lowed in order to better answer the research objectives set for the paper. The 
final sample consists of 43 companies, of which 17 companies are also found in 
Pascual, Stevels et al. (2003) when taking into account also the consolidated 
companies. Companies in the final sample are large, international companies 
with experience of environmental issues or sustainability at large, often for more 
than 10 years. The collection of the companies’ most recent sustainability re-
ports, as sampling units, occurred in two waves in 2015; in July, and in October. 
Details of the companies are available in the Appendix found at the end of Pub-
lication 2. 

A statistical analysis is conducted with SPSS software for both samples. In 
Publication 2, content analysis was conducted using Atlas.ti and Adobe docu-
ment software before a statistical analysis. Descriptive data analysis is mainly 
applied due to the nature of the data being mostly nonparametric (Malhotra 
2004; Hair et al. 2010). Bivariate relationships are assessed with Spearman cor-
relation (r), Fisher’s exact two-sided test, and the Mann-Whitney test (U-test). 
Additionally, partial correlation is applied once. The scale for the ecological 
worldview is derived by using factor analysis. For analysis, a threshold of 0.05 
for the probability value (p-value) is applied for a significance of result. 

This section broadly describes the variables, or items thereafter, used in the sur-
vey and the content analysis. The exact questions asked in the survey can be 
found in the Appendix 2, as well as from the appendices for Publications 1 and 
3.  

Survey items were derived from extant research to the furthest possible extent, 
and new items were formulated if not found from the extant research. Before 
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conducting the survey, the survey was pre-tested by four persons. Webpropol 
(http://webropol.fi), an online survey platform, was used to conduct the survey. 

The survey contained in total 35 questions divided into five sections in Eng-
lish. These sections covered items including background information from the 
company and the respondent’s work (9 questions), generic product develop-
ment topics (6 questions), integration of environmental considerations into 
product development (11 questions), company level sustainability related topics 
(6 questions), and personal information (3 questions). At the end of the first 
section, a validation question was asked, and if a respondent answered “Never 
or almost never” to the validation question regarding the frequency at which a 
respondent usually worked with product development, then the respondent was 
moved forward to the remaining two sections. 

Selected potential circular economy considerations in Publication 3 were 
mainly derived from the so-called EUP Directive (European Union 2009), the 
Ten Golden Rules (Luttropp & Lagerstedt 2006), and from the design for envi-
ronmental guidelines and principles (Telenko et al. 2008). The 15 items as-
sessed ranged from renewable and recycled materials to the considerations of 
durability, as well as metal and plastic recovery. 

For the research question three items to describe perspectives from micro-
level were included. These were attitudinal questions (enjoyment, easiness), 
norms (perceived support from top management and from colleagues), back-
ground information about the respondent as well as individual’s values related 
to environment using the NEP scale, and assessment of importance for the en-
vironmental considerations. 

The NEP scale (Dunlap et al. 2000) consists of 15 items that were aggregated 
to a summated scale by reversing the positively phrased items, and retaining the 
negatively stated odd items as is. In Publication 1, this summated scale was 
used. In Publication 3, the nature of the data was examined further to derive a 
measure, an ecological concern that would present findings from that data, as 
also suggested by Dunlap et al. (ibid.). This approach sought to accommodate 
the debate on whether the NEP scale should be applied as a multidimensional 
or unidimensional scale (Amburgey & Thoman 2012; Hawcroft & Milfont 2010). 

In addition, multiple modes of answering were applied in the survey, such as 
Likert or ordinal scales, forced closed lists, and open answers. Furthermore, to 
ease the cognitive load, simpler questions were asked first and having brief def-
initions for the main terms used, such as lifecycle or environmental considera-
tions. Respondents also received an option to choose “Don’t know”, “Not appli-
cable”, or “Choose not to answer” to those questions which may have been con-
sidered more ambiguous. 

For the purposes of grouping, the following categorizations were used for the 
items in the survey. In Publication 1, summated scales for early product devel-
opment and ecological worldview were divided into two based on averages. 
Then, the top two response alternatives were used as the categorization. An ex-
ample would be putting into one group responses with “Very often” and “Often”, 
or “Strongly agree” and “Agree”. Then, a similar type of response alternative was 
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a grouping rule for four items. These were the role of environmental considera-
tions, location of responsibility, sustainability-based incentives, and formal 
management processes for product development. 

Items in the content analysis for Publication 2 were also derived from litera-
ture to the furthest extent possible (Table 8). These items were evaluated in two 
ways: examining occurrences of selected terms, and evaluating the content for 
its quality (Krippendorf 2004; Lülfs & Hahn 2014). The former approach is as-
sumed to reveal an awareness of an assessed term. The term’s exclusion or in-
clusion in a given sampling unit is an equally important outcome derived from 
the content analysis (Krippendorf 2004). The latter approach refers to evaluat-
ing the quality of reporting assessed (Lülfs & Hahn 2014). It was applied to two 
items: evaluating internal environmental performance, and the environmental 
quantitative targets. Following the approach adopted by Pascual, Stevels et el. 
(2003), quantitative environmental targets were judged to conclude the type of 
targets they were. Namely, whether they referred to product development pro-
cesses, products, or product portfolio. Then, the target should compromise of a 
measurable element and contain information on the time horizon. It may be ei-
ther a relative or an absolute one (Issa et al. 2015). 

•

•

•

•

•

 
Turning to two environmental performance items, internal environmental per-
formance was assessed with the capability to report information to the indicator 
G4-EN28, “Percentage of products sold and their packaging materials that are 
reclaimed by category”, in GRI version 4 Guidelines (Global Reporting Initiative 
2013, p.129). Completeness of responses to this indicator was evaluated. Conse-
quently, responses were categorized into two groups. Responses were coded as 
0 for those companies that did not answer to this indicator or reported infor-
mation narratively. Code 1 was used for those responses that were numerical for 
both reclaimed packaging or products, or either of them. Quality of this infor-
mation was not, however, analysed further.  

For the external performance, the ranking in the CDP was assessed for the 
reporting year 2014. CDP ranks companies for their progress performance on, 
and disclosures about their greenhouse gas mitigation activities. The progress 
is ranked by dividing companies into five performance bands. These five bands 
were aggregated into two groups based on the following classification: group 
coded as 1 consisted of companies ranked as A and B, and group coded as 0 
consisted of companies that were ranked C, D and E. 
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This chapter reports the overall results from Publications 1 to 3 related to re-
search questions posed for this dissertation.  

This section provides an overview of the results related to the first research 
question. Results are derived from Publication 1, 2, and 3. First, the context of 
ecodesign practices are compared to those of generic product development 
practices in Publication 1. Then, in Publication 2, the level of environmental 
quantitative targets for products are analyzed, while estimates on the extent of 
lifecycle thinking are found both in Publications 2 and 3.  

In Publication 1, the perceived level of formal management processes for prod-
uct development in general is found to be established within respondents’ prod-
uct development contexts. While 76 percent of respondents perceived it thus, 
the remaining 20 percent reported that the generic product development pro-
cesses are, however, informal, but understood.  

In contrast, 49 percent reported that environmentally considerations are for-
mally managed within the product development processes, although an addi-
tional 44 percent viewed them as being informally in place. In addition, the re-
sults support the association between having formally managed product devel-
opment processes in general, and the inclusion of environmental considerations 
embedded in these processes. Namely, those respondents that considered ge-
neric product development processes to be managed formally, were also signif-
icantly more likely to also perceive that environmental considerations are for-
mally managed within product development processes. More specifically, 65 
percent of of those respondents reported so compared to 35 percent of them 
reporting otherwise (p-value 0.000).  

In Publication 2, the level of quantitative environmental targets for products 
within the ICT sector’s leading companies in environment was assessed. Over-
all, almost all the companies asserted their considerations of environmental is-
sues in their product development, albeit the terms used to describe these activ-
ities varied considerably. When the extent of the commitment to quantitative 
targets was assessed, slightly over half, or 56 percent (n=24/43), of the compa-
nies communicated having such targets based on their sustainability reports. 
Most often these were related to the energy-efficiency of products during use, 



46 

although seven companies provided quantitative environmental targets also for 
their reclaimed products. Furthermore, companies with a longer history in sus-
tainability reporting were significantly associated with disclosing quantitative 
environmental targets for products (p-value 0.001). 

Returning back to the survey results reported in Publication 1, Figure 9 below 
illustrates the perceived role of environmental considerations in product devel-
opment contexts which respondents represented. Close to 40 percent of the re-
spondents perceived that s/he works in a product development context in which 
environmental considerations are understood either to be a requirement (13%) 
or mandatory checklist (25%). Interestingly, those respondents with such per-
ceptions were also more likely to consider that management processes for envi-
ronmental considerations were more formal than not. More specifically, 77 per-
cent of these respondents perceived environmental considerations as being for-
mally managed within product development, compared to 23 percent of them 
perceiving otherwise (p-value 0.006). 

 

Lifecycle thinking is one topic considered to be a vital aspect of the ecodesign. 
The awareness of lifecycle thinking reaches 84 percent among the companies 
from the ICT sector (Publication 2). In addition, it is associated with the quan-
titative environmental targets for products. In Publication 3, 89 percent of re-
spondents working with product development perceived that lifecycle has been 
considered to an extent (from the scale 1-7: responses with 4 or more) in their 
typical product development during the previous 12 months. Moreover, in Pub-
lication 3, associations are detected with lifecycle thinking and a few ecodesign 
practices. It is reported that an increased extent of lifecycle thinking is associ-
ated both with the perception that environmental considerations are managed 
formally within product development (U-test p-value 0.006), and that their role 
is perceived to be more of a mandatory checklist or a requirement (U-test p-
value 0.012).  

The phases used to describe product development process were expected to be 
customized to fit companies’ contexts. Indeed, different phases were described 
in open answers. However, the examined product development phases were 
identified to have been frequently (often/very often) applied by the majority of 
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respondents (Publication 1), with the exception of the embodiment phase. The 
three phases which were most frequently applied include setting the functional 
requirements (73%), detailed design (76%), and conducting testing and refine-
ment phases (78%). Nonetheless, respondents reported less frequent inclusion 
of environmental considerations within the examined product development 
phases. According to 44 percent of the respondents, they were frequently ap-
plied in the four following phases: planning and task clarification, functional 
requirements, testing and refinement, and considering the production. Addi-
tionally, 36 percent of respondents perceived that environmental considera-
tions are frequently applied in the conceptual phase. 

Next, a combined scale was investigated related to the earlier product devel-
opment phases; namely, task clarification and planning, functional require-
ment, and conceptual phases. A rough half, or 58 percent of respondents con-
sidered that all three earlier product development phases were frequently ap-
plied in general. However, this perception dropped to 27 percent, when the fre-
quency of the inclusion of environmental considerations were reported at these 
same phases. Nevertheless, these two scales were associated with each other: 
frequently applying these early phases in general is also associated with includ-
ing environmental considerations frequently within these phases (69% vs. 31%, 
p-value 0.039). 

While perceived formal management processes for generic product develop-
ment are positively associated with the frequency of applying the generic early 
product development phases, no such bivariate relationship is detected when 
environmental considerations are included within these two potential practices 
(p-value 0.767). In addition, no direct association is detected with frequently 
including environmental considerations in early product development phases 
and the role of environmental considerations as a requirement or mandatory 
checklist (p-value 0.135). 

Moving forward, close to half the respondents (47%) observed that the role of 
environmental considerations is at par with quality in their product develop-
ment context. In addition, those with such observations were also more likely to 
perceive environmental considerations to be a mandatory checklist or require-
ment than those not observing so (71% vs. 29%, p-value 0.016), and that envi-
ronmental considerations are frequently included in the early product develop-
ment phases (p-value 0.016). In addition, the perceived extent of lifecycle think-
ing was also positively associated with perceiving environmental considerations 
to be at par with the quality (Publication 3, r 0.415). 

Furthermore, there was interest to explore whether the use of tools or methods 
to consider environmental topics in a respondent’s work had provided any ben-
efits for the respondent at the micro-level. However, it should first be noted, 
that 24 percent of respondents (n=11/45) actively admitted that, during the pre-
vious year, s/he had not used any such tool or method. For those who did report 
some benefits, the two main benefits were that use of such tools and methods 
allowed to fulfill a requirement that had been set for a given product develop-
ment phase (42%), and to share information with others (29%). 
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The perceived benefits of tool’s use to fulfill a specified requirement is associ-
ated with the perception of more established ecodesign practices. For instance, 
it is positively associated with formal management to include environmental 
considerations in product development: namely 74 percent of those respond-
ents considered it thus, compared to 26 percent of them considering otherwise 
(p-value 0.007). Moreover, the role of environmental considerations is per-
ceived as a requirement or a mandatory checklist (p-value 0.029). Likewise, re-
spondents who observed this benefit are more likely to report that environmen-
tal considerations are frequently included in the early product development 
phases (p-value 0.014). 

In the sample, the overall organizational readiness through communicational 
aspects is perceived to be at a high level. A clear majority of respondents re-
ported the existence of formalized environmental policies (94%) and environ-
mental objectives (90%). Moreover, 79 percent of respondents reported that 
their companies have environmental requirements for suppliers. Besides, the 
majority of respondents, or 61 percent, held the view that top management sup-
ports the consideration of environmental topics at large, similarly to the per-
ceived extent of support from colleagues at 59 percent to include environmental 
considerations into one’s work. In contrast, actual supporting practices show a 
less common prevalence. Namely, 51 percent of respondents considered that it 
is easy to find environmental information on environmental issues within a 
company, whereas 49 percent believed they had received enough of training on 
environmental topics.  

Furthermore, support from top management does not increase the likelihood 
of environmental considerations being regarded as a requirement or mandatory 
checklist, nor that management of environmental considerations would be re-
garded as formal in product development. In contrast, the perceived level of 
training was associated with considering the environmental considerations to 
be a requirement or a mandatory checklist (55% vs. 22%, p-value 0.033). On the 
other hand, perceived support from top management increased the likelihood 
of reporting that environmental considerations are included more frequently 
within the functional requirements (75% vs. 25%, p-value 0.034), and the prev-
alence of sustainability-based incentives (68% incentives vs. 32% no incen-
tives/else, p-value 0.001). Moreover, a significant association was found with 
perceiving the existence of sustainability-based incentives and frequent inclu-
sion of environmental considerations in the early product development phases 
(64% vs. 36%, p-value 0.016).  

Publication 2 presents results on exploration of the ways the role of quantitative 
environmental targets for products may be associated with circular economy in 
terms of terminologies applied. In Publication 3, the prevalence of selected cir-
cular economy considerations along the three lifecycle phases are assessed, as 
well as their possible associations with other ecodesign practices. 
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Within the ICT sector sample in Publication 2, the term “circular economy” 
was just emerging with six companies, or 14 percent (n=6/43), mentioning it in 
the assessed sustainability reports. This term was mainly placed alongside ex-
planations of companies’ aims to use more recycled or recyclable materials, or 
alternatives for their customers to recycle or reuse their products. As depicted 
in Table 9 below, somewhat low frequencies of occurrences were detected for 
the selected terms to extend the use phase. Although most companies men-
tioned reuse, it was less often mentioned what was meant by this term. In addi-
tion, terms for describing activities along reuse differ among the companies also 
suggesting various interpretations for their actual meanings.  As an example, 
one company uses two terms - “refurbished” and “remanufactured”- inter-
changeably in the analyzed sustainability report. 

 
Furthermore, results in Publication 2 suggest that intertwined activities exist 
between the environmental quantitative target setting for products, and the pos-
sibilities of extending the product’s use phase within the ICT sector. For exam-
ple, companies that mentioned remanufacturing activities are more likely to 
have quantitative environmental targets for products in place (p-value 0.026). 
In contrast, no such association is detected with awareness for repair or refur-
bish. In addition, those companies that mention either durability or lifecycle in 
their sustainability reports are more likely to report quantitative environmental 
targets for their products (p-values 0.026, and 0.033, respectively). 

Environmental performance was assessed via two items. Being sufficiently 
mature to be able to communicate on reclaimed product or packaging flows is 
found to be associated with quantitative environmental targets for products. 
Namely, eighty-one percent of those companies disclosing this type of quantita-
tive information are more likely to also have quantitative environmental targets 
for products in place, as opposed to 19 percent otherwise (p-value 0.013). Both 
mentioning durability and repair are associated with companies disclosing 
quantitatively about their product or packaging flows as well (p-value 0.046, 
and p-value 0.025, respectively). In contrast, no such relationships were de-
tected with mentioning refurbish or remanufacture activities. Another proxy for 
environmental performance assessed was company ranking in the CDP. This 
item is also found to be associated with quantitative environmental targets for 
products (p-value 0.027), but not with other ecodesign practices assessed. 
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Furthermore, the relationships with ecodesign practices provided interesting 
results for durability considerations in Publications 2 and 3. In Publication 2, 
occurrence of the terms “durability” and “lifecycle” were not associated with 
each other in the sample from the ICT sector (p-value 0.391). Neither were con-
siderations for durability within typical product development projects associ-
ated with the extent of lifecycle thinking in Publication 3 (p-value 0.451). To 
further examine the prevalence of durability, the following results emerged. In 
the ICT sector sample, approximately 35 percent of companies used the term 
“durability” in their sustainability reports (Table 9). In Publication 3, the level 
of perceived durability considerations revealed 29 percent of respondents 
agreeing strongly or mildly that durability had been considered within typical 
product development projects. 

Continuing with the survey findings from Publication 3, relationships with 15 
selected circular economy considerations were assessed in the context of typical 
product development projects. Perceived considerations for recycled and re-
newable materials were two topics that correlated the most from these 15 items 
(r 0.788), followed by ease of material separation and labelling (r 0.541). Then, 
the reporting of lifecycle thinking is found to correlate positively with five items, 
among others, with perceived increased use of recycled materials (r 0.336) and 
minimizing the use of materials (r 0.373). 

The perceived durability considerations are found to correlate with four items: 
positively with perceived considerations for renewable (r 0.400) or recycled ma-
terials (r 0.326), and stand-by energy (r 0.333). It was also found to negatively 
correlate with reliability (r -0.391). On the other hand, reliability considerations 
also correlated negatively with perceived considerations for recycled materials 
(r -0.379). In contrast, considerations for reliability correlated positively with 
perceived considerations with ease of disassembly (r 0.327). 

Then, perceived considerations for durability were examined with ecodesign 
practices with little success. They were not associated with perceived formal 
management for environmental considerations in product development pro-
cesses nor with reporting environmental considerations to be a requirement or 
a mandatory checklist. In addition, no significant relationship was detected with 
perceived durability considerations and with considering environmental topics 
being at par with quality. In a similar vein, considerations for durability did not 
correlate with the perception of having received enough of environmental train-
ing or with perceived ease with which to find environmental information. In 
contrast, perceived considerations for durability was found to correlate with in-
creased frequency to include environmental considerations at task planning and 
clarification phase (see Table 10). 

Furthermore, few other selected ecodesign practices were associated with 
these circular economy considerations in typical product development projects. 
Perceived formal management processes for environmental considerations in 
product development were associated with two topics assumed to provide lev-
erage especially during the post-use phase: minimizing hazardous substances, 
and increased considerations for the recovery of metals (U-test p-values 0.043 
and 0.004, respectively). The perception that environmental considerations are 
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regarded as a requirement or mandatory checklist is associated with perceived 
considerations for the recovery of metals or plastics (U-test p-values, 0.015 and 
0.008, respectively). Furthermore, one topic correlates with the knowledge di-
mension of the ecodesign capabilities. Namely, the perception of having re-
ceived enough of environmental training correlates with considerations for the 
recovery of metals in typical product development projects (r 0.434). Table 10 
below depicts those selected topics that correlate with the environmental con-
siderations in the early product development phases (Publication 3). 

 
Assessing the ways these selected circular economy considerations to be at par 
with quality provided interesting bivariate relationship patterns. Specifically, 
the extent of considering environmental topics being at par with quality corre-
lates with eight out of 15 items assessed with the highest correlations detected 
with perceived increased recovery of plastics (r 0.502), and minimizing the use 
of materials (r 0.508). It also correlates with the increased extent of lifecycle 
thinking (r 0.415). However, perceived considerations for durability, as one of 
the focus items in the Publication 3, is among those uncorrelated items. 

This section presents results for the selected human factors that were examined 
in Publications 1 and 3. While Publication 1 contained six items assessed in this 
context, Publication 3 examined the ecological concern. 

The responsibility for environmental considerations provides insight to the 
way environmental considerations are embedded in the product development. 
Based on the survey results in Publication 1, in overall there is no one solution 
on the way this is organized for the uptake of environmental considerations in 
typical product development projects. However, most often environmental con-
siderations were perceived to be in the hands of the product development, by 39 
percent of respondents perceiving it thus. This is followed by other business 
functions (25%), sustainability or environmental function (20%), and quality or 
health and safety functions (16%). 

Interestingly, the extent of the perceived formalized management processes in 
product development seemed to have the following associations with the re-
spondents’ functional area, and with the location of responsibilities. Specifi-
cally, 65 percent of those respondents working in product development or other 
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business units are more likely to think that processes are more formal to manage 
environmental considerations in product development, compared to 36 percent 
of those respondents working in environmental, quality or sustainability related 
functions (p-value 0.075). In addition, 89 percent of those respondents that per-
ceived the responsibility for environmental considerations to reside in the 
hands of product development or other business functions were more likely to 
report that product development in overall is managed formally (p-value 
0.022). 

In Publication 1, the role of a few attitudes was explored in relation to the en-
vironmental considerations within product development. Two attitudes were 
found to have significant relationships with the frequency of including environ-
mental considerations in the early product development phases. Namely, those 
respondents that considered it important to include environmental considera-
tions into one’s work or those respondents that enjoy doing so are more likely 
to notice increased frequency of including environmental considerations at the 
task clarification and planning phase (p-value 0.012, and p-value 0.035, respec-
tively). Similarly, these two attitudes are associated with perception of increased 
frequency to include environmental considerations at the conceptual phase (p-
value 0.004, and p-value 0.012, respectively). 

Interestingly, only the attitudinal item on easiness to include environmental 
considerations in one’s own work is marginally significantly associated with the 
respondent’s organizational background. Namely 25 percent of the respondents 
from product development or other business functions considered it to be thus, 
compared to 56 percent of respondents representing sustainability, environ-
ment, or quality functions (p-value 0.067, n=45). However, this item does not 
increase the likelihood of reporting inclusion of environmental considerations 
in the product development practices examined. 

Perceived norms reveal the following types of relationships. As mentioned ear-
lier, perceived support from top management is associated with frequency to 
include environmental considerations at the functional requirements. Moreo-
ver, the perceived support from top management is positively associated with 
the enjoyment of including environmental considerations into one’s work (p-
value 0.002, n=51). In contrast, those respondents perceiving support from col-
leagues to include environmental considerations into one’s work are more likely 
to report perceived increased frequency to include environmental considera-
tions at two later phases: detailed design (54% vs. 19%, p-value 0.030, n=45), 
and when considering production phases (63% vs. 24%, p-value 0.016). 

Publication 3 focused on the extent of ecological concern, and its potential re-
lationships with assessed ecodesign practices, and selected circular economy 
considerations. First, the overall result is that the extent of ecological concern 
was found to be high: with an average 3.854 on a scale from one to five. The 
result does not differentiate significantly based on background factors: respond-
ents’ functional background, education nor age group. 

Furthermore, potential relationships between ecological concern and aware-
ness of selected ecodesign practices were assessed. Both Publications 1 and 3 
show the ways in which the role of ecological concern is related to the overall 
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awareness of environmental considerations within product development. Using 
all the 15 items of NEP in Publications 1, 79 percent of respondents with more 
increased ecological concern than average were more likely to perceive that in-
clusion of environmental considerations in product development is formally 
managed, versus 27 percent of respondents with below the average ecological 
concern considering it so (p-value 0.001). In Publication 3, seven items consti-
tuting the ecological concern scale similarly provide a significant positive asso-
ciation with the formally managed product development processes for environ-
mental considerations (U-test p-value 0.026). However, related to other as-
sessed ecodesign practices, no significant relationships were detected. Never-
theless, a significant association is detected between ecological concern and the 
perception that it is easy to find information on environmental topics (r 0.464) 
in Publication 3. 

Publication 3 continued to deepen the analysis with the ecological concern and 
its potential relationships with selected circular economy considerations. First, 
the perceived extent of lifecycle and ecological concern were not found to corre-
late with one another (p-value 0.711). Instead, significant correlations were 
found with the following six topics out of the 15 items examined. Ecological con-
cern correlated positively with the perceived considerations for durability 
(r.0.313). Then, ecological concern correlated significantly with the awareness 
of increased considerations for the materials that are renewable (r 0.405) or re-
cycled (r 0.396), recovery of metals (r 0.410) or plastics (r 0.327), and ease of 
material separation (r 0.348). On the other hand, the one item on spaceship 
correlated significantly with three items: considerations for durability (r 0.333), 
recycled materials (r 0.351), and the material compatibility (r 0.343). 

The potential role of ecological concern mediating the awareness of selected 
topics applied in the typical product development projects was further explored 
as well. Namely, it is assessed with considerations for durability, and two highly 
inter-correlated environmental topics: recycled and renewable materials. Par-
tial correlation provided interesting results. When the mediating role of ecolog-
ical concern is removed from the relationship between the perceived increased 
considerations for the recycled materials and durability, this correlation first 
found significant turned into non-significant. However, the relationship re-
mained at a significant level between perceived considerations for renewable 
materials, and durability. Moreover, the one item on spaceship followed the 
same pattern in this. 
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This chapter discusses the results by reflecting the three research questions 
posed with the literature. The chapter ends with describing the limitations of 
the research.  

Although an increased interest toward ecodesign spans more than two decades, 
it remains the position in this dissertation that environmental considerations 
are not just yet mainstreamed within companies’ product development prac-
tices. In other words, not all assessed ecodesign practices seem to be dominantly 
in use. However, indications of a progress have also been discovered. This argu-
ment is based on empirical evidence using two samples which both are assumed 
to represent pro-active companies regarding environmental issues. One sample 
represents employees’ perspectives at the micro-level, and the other relies on 
perspectives from the meso-level derived from sustainability reports. 

Observing the overall level results in Publication 1, the results seem to be 
broadly within the same range with studies such as Barczak et al. (2009), Short 
et al. (2012), and Lindahl (2005) on the perceived level of formal management 
processes for product development with 76 percent of respondents agreeing 
with this perception. For instance, Barczak et al. (2009) report this to be at the 
69 percent. But, less agreement is detected regarding the formality level of en-
vironmental considerations in our sample: just about half, or 49 percent of the 
respondents reported this. However, of those respondents that perceive formal 
management processes to exist in product development, 65 percent perceived 
that environmental considerations are formally embedded into these processes. 
On the other hand, lifecycle thinking, as such, is reported to be at high level in 
this sample from people working with the product development. 

By separately investigating product development phases it is possible to go 
beyond the overall level into more practical issues (Boks 2006). A deeper un-
derstanding of the actual practice may evolve as well as its potential related is-
sues. Interesting indicative comparisons are found with the study by Deutz et 
al. (2013) and our study, although the differences in research constructs should 
be acknowledged. Namely, the results were well aligned with findings to the ex-
tent of the perceived level of frequency of having the following product develop-
ment phases in place: functional requirements (67% in Deutz et al. compared to 
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our result at 73%), conceptual phases (58% vs. 56%), and detailed design (73% 
vs. 76%). However, none of the separate product development phase are per-
ceived to contain frequently environmental considerations by over 50 percent 
of the respondents. This research confirms the finding by Deutz et al. (2013), 
although the extent of results differs regarding the frequency of including envi-
ronmental considerations within these phases. 

The early inclusion of environmental considerations into the product develop-
ment is suggested for their better leverage (Deutz et al. 2013; Petala et al. 2010; 
McAloone et al. 1998). This was examined in this research by assessing the fre-
quency of their inclusion in the early product development, such as functional 
requirements, and assessing the perceived role that environmental considera-
tions hold in the respondent’s product development context. Indeed, results in-
dicate that room for improvement exists for perceiving environmental consid-
erations as a requirement or their frequency during product development 
phases. In other words, the role of environmental considerations perceived as a 
requirement or mandatory checklist is found to be at 38 percent of respondents’ 
considering it thus. Hence, albeit the sample representing people from assum-
ingly more environmentally oriented organizations, environmental considera-
tions are not yet perceived to be a requirement by the majority of respondents. 
However, 44 percent of respondents perceive a frequent inclusion of environ-
mental considerations during the task clarification and planning phases (43 % 
in design briefs in Deutz et al. 2013) and functional requirement (45% in ibid.), 
and 36 percent for the conceptual phase (50% in ibid.). 

In addition, the frequency of including environmental considerations at the 
early product development phases was related to providing sustainability-based 
incentives. As such, this result might also indicate that respondents in the sam-
ple were not self-motivated by the environmental considerations (Gagne & Deci 
2005; Graves et al. 2013). However, this was not specifically assessed. 

Quality aspects are assumed to be intertwined with ecodesign (Johansson & 
Sundin 2014). One way to approach this interconnectedness is to assess to what 
extent environmental considerations are on a par with quality (Handfield et al. 
2001). Roughly half of the respondents perceive that in their product develop-
ment contexts, environmental considerations are regarded to be equal to quality 
(see Figure 10). These results further show that perceiving it so is associated 
with other ecodesign practices, such as considering environmental considera-
tions to be a requirement or a mandatory checklist, or that environmental con-
siderations are taken into account in the early product development phases. 

In Publication 2, the extent of target settings, as a proxy for more mature 
ecodesign practices, was assessed within the ICT sector regarded as spearhead-
ing in such practices (KPMG 2015; Albino et al. 2009). Compared to a study by 
Pascual, Stevels et al. (2003), this result indeed suggests that within this sector, 
the number of those companies, that are sufficiently mature to communicate 
quantitative targets, has increased. However, even a larger proportion was ex-
pected due to the sector’s acknowledged leading role in environmental issues. 
Nevertheless, it is encouraging that roughly half disclosed such targets. This re-
sult seems aligned with the literature reporting that ecodesign implementation 
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is indeed a journey taking time from policy level to be implemented in practice, 
and maturing into an ecodesign capability (O’Hare 2010; Stevels 2016). 

 

 

In response to RQ1 regarding whether ecodesign practices are associated with 
each other, Figure 10 above visualizes the detected main bivariate relationships 
discussed in this section from Publications 1 and 3. This visualizes among others 
that more established generic product development processes are directly 
linked with increased considerations for environment in them. Figure 10 also 
shows that unlike generic product development direct associations between for-
mal management processes and the frequency of earlier product development 
phases taken, for the ecodesign practices mere formality does not seem to asso-
ciate directly with the likelihood of more frequent application within these 
phases in practice. It seems, that other variables might be at the play. Interest-
ingly, the relationship between the role of environmental considerations as a 
requirement or a mandatory checklist, and the observed benefit from the tool in 
fulfilling a requirement seem to confirm with the findings in Lindahl (2005). 

These results suggest that although the lifecycle thinking as such is wide-
spread, there is room for improvement to include environmental considerations 
within product development, and to have them mainstreamed as established 
ecodesign practices. But, the question remains when such a level should be re-
garded as adequate, and where exactly they should be incorporated for the most 
impactful outcomes. Perhaps these levels should match at least the levels of ge-
neric product development processes. To start with, these results suggest that a 
fostering context would include among others established general product de-
velopment process, and properly consider the role of environmental considera-
tions. 
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Nurturing elements for circular economy related activities are assumed to stem 
overall from more systemized product development processes, and environ-
mental considerations in particular, as discussed alongside responding to the 
first research question. One such element might include quantitative environ-
mental targets for products, another element might include the knowledge of 
the product flows throughout their lifecycles. Furthermore, as also noted by 
other researchers (Blomsma & Brennan 2017; Kirchherr, Reike, et al. 2017), in-
creased shared understanding of terminologies are assumed to nurture such ac-
tivities. The extent of these types of perspectives were examined in Publications 
2 and 3. 

Published quantitative environmental targets for products provide an indica-
tion of communication and knowledge dimensions within ecodesign capabili-
ties. Such a public commitment would also indicate a more mature ability to 
internally advance them, see e.g. Hallstedt et al. (2010). The quantitative envi-
ronmental targets for products that were detected in the sample from the ICT 
sector, focused on the energy-efficiency, while a smaller number of quantitative 
targets were detected for circular economy related topics, such as extending the 
use phase, or enhancing post-use activities. Furthermore, as depicted in Figure 
11 shown in next page, Publication 2 extends the study by Pascual, Stevels et al. 
(2003) by examining the potential relationship with these quantitative environ-
mental targets for products, environmental performance, and selected 
ecodesign practices related to circular economy. This brings insights into the 
actual implementation levels related to circular economy within one sector re-
garded relevant to examine according to Laurenti et al. (2015), Albino et al. 
(2009) and Bjørn et al. (2017). 

The results maintain the understanding that better internal management pro-
cesses are needed in order to uptake activities related to remanufacturing, an 
activity necessitating cooperation with various functions both internally and ex-
ternally (Hatcher et al. 2014). Namely, remanufacturing activities were associ-
ated with the quantitative environmental targets for products conforming with 
the earlier findings in this regard (Montabon et al. 2007). However, it should be 
mentioned that the prevalence of actual remanufacturing activities was found 
to be somewhat low similar to one industry-generic study (Sroufe et al. 2002). 
In contrast, the reporting on repair activities is more common in this ICT sector 
sample compared with the reporting on remanufacturing, similarly to survey 
study findings from Malaysia (Khor & Udin 2013). However, repair or refurbish 
activities are not significantly associated with publishing quantitative environ-
mental targets for products. This result could suggest that such activities do not 
necessitate equally aligned internal processes compared to those needed for re-
manufacturing activities. 

Environmental performance outcomes were also chosen as proxies for the 
ecodesign capability dimensions related to knowledge and communication. In 
Publication 2, this relates to two items. One item is the capability to disclose 
quantitatively on reclaimed product or packaging flows. This environmental 
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performance item provides representation of the current knowledge that a com-
pany may have accrued from its products’ post-use phases. Such knowledge 
gathering is also recommended in WEEE directive (European Union 2012). To 
this end, we applied its quantitative information as an indication of an ecodesign 
capability. It is argued that a company should be cognizant of its product flows 
throughout their lifecycles before mastering a proper understanding of what to 
target with its ecodesign practices, or circular economy aspirations (The British 
Standards Institution 2017). Indeed, the results in Publication 2 indicate that 
there is a relationship between these topics: The occurrence of quantitative en-
vironmental targets for products was significantly associated with the aware-
ness of quantitatively reclaimed product or packaging flows, as shown in Figure 
11 below. 

The other item used as a proxy for the environmental performance, CDP rank-
ing on performance on climate change strategies, was also associated with the 
quantitative environmental targets for products. Here no significant relation-
ships were detected with the ranking in the CDP, and circular economy related 
aspects. This result supports arguments of the complementary nature between 
issues on circular economy and climate change (Bjørn et al. 2016; Global e-
Sustainability Initiative, 2014). 

 

 

Based on the findings in Publication 2, it seems that companies within the ICT 
sector are evolving toward a circular economy sphere. An awareness of several 
terms typically associated with a circular economy are somewhat low in the sus-
tainability reports, apart from the high occurrence of mentioning lifecycle and 
recycling. This result resonates with another empirical study (Ritzen & Ölundh 
Sandström 2017) reporting low awareness of circular economy concept as well.  

Moreover, the quantitative environmental targets for products influencing the 
post-use phase were uncommon. Different terms continue to be used to denote 
ecodesign practices similar to findings by Pascual, Stevels et al. (2003). In ad-
dition, contents of terms may remain ambiguous; for instance, if the terms “re-
furbish” and “remanufacture” are used interchangeably. Hence, investigating 
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taxonomies to bring more clarity to terminologies would be one meaningful re-
search topic, not only to circular economy as such but also those for example 
related to remanufacture (Gharfalkar et al. 2016; Blomsma & Brennan 2017; 
Kirchherr, Reike, et al. 2017; Reike et al. 2018). 

One term linked with circular economy discussions is the term “durability”; 
hence, its awareness could be regarded as a proxy for an interest in the circular 
economy related activities. In Publication 2, the awareness was at 35 percent at 
the meso-level based on occurrence of the term from sustainability reports, 
within the ICT sector. In Publication 3, the survey explored durability percep-
tions at the micro-level from those individuals working with the product devel-
opment projects. In the sample based on these observations, the prevalence of 
durability considerations was inquired related to the extent it had been consid-
ered in typical product development projects. The perceived prevalence of con-
sidering durability was estimated to be somewhat low in this sample as well: 
with less than one in three respondents perceiving it to be so. Again, although 
the different research constructs hinder direct comparisons, this result seems to 
differ from results based on a quantitative survey by Dietz et al. (2013), and in-
terview study by Dalhammar (2016). In the former study, the sampling criteria 
may explain the difference, while the latter study did indeed find interest toward 
durability in general, but not when more detailed topics, such as warranties 
were inquired about. 

Contrary to the expectations, no significant associations were detected with 
assessed lifecycle and durability aspects in these two separate samples. In the 
sample from the ICT sector, the association was tested with Fisher’s exact two-
sided test to assess the relationship between the occurrence of the terms for life-
cycle, and durability. In the survey from Publication 3, two items were analyzed 
with Spearman correlation. In the survey, the item on lifecycle refers to report-
ing the perceived extent of lifecycle considerations in the previous past 12 
months in product development, while the durability considerations refer to 
item asking about the extent of being aware of such considerations in typical 
product development projects. To reiterate, this result comparison is indicative 
only due to different research constructs.  

Based on the results in Publications 1 and 3, we concur with the recommenda-
tion by Boks (2006) that if implementation challenges are the main focus of in-
terest, it is meaningful to separately examine product development phases. As 
an example, selected circular economy considerations were associated with dif-
ferent product development phases. Specifically, in Publication 3, the relation-
ships with durability considerations and other ecodesign practices were exam-
ined further. Surprisingly, no associations were detected with examined 
ecodesign practices, apart from the following ones. Namely, perceiving more 
frequent inclusion of environmental considerations at task clarification and 
planning phases correlates positively with perceived durability considerations 
in typical product development projects. This result should be further investi-
gated to better determine by what means the choices toward aspects of durabil-
ity become part of the product development processes, or to refute this finding. 
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Interestingly, in a similar vein, a recent study by Prendeville et al. (2017) cate-
gorizes a decision on durability as being strategic, or a hierarchical dilemma ra-
ther than an operational or tactical decision. In contrast, perceptions for dura-
bility considerations were associated with renewable, and recycled materials in 
Publication 3. Then, an inverse relationship is detected with reliability and du-
rability considerations similar to the aforementioned study. 

To conclude in answering RQ2, it depends which ecodesign practices and cir-
cular economy considerations are assessed, as shown above. It seems, for in-
stance, that having environmental quantitative targets is associated with dura-
bility, and remanufacturing activities, whereas surprisingly, no association is 
detected with durability and lifecycle considerations. 

In Publications 1 and 3, employees’ perceptions were examined in order to an-
swer RQ3. This micro-level unit of analysis allows exploring the ways employ-
ees’ interpretations, for instance, through attitudes and values, might be associ-
ated with ecodesign implementation in their product development contexts. In 
essence, this type of perspective allows an extension of the emerging stream of 
knowledge into the human factors within the soft-side of ecodesign. It specifi-
cally seeks to extend the knowledge in understanding the types of attitudinal 
factors which seem to hold practical significance for implementing ecodesign. 

This is broadly approached with applying the ecodesign capabilities. Other 
types of approaches have also been examined at micro-level within ecodesign. 
For instance, Short et al. (2012) applied the risk-aversion theory to approach 
motivational factors in decision-making. The value of importance attached to 
environmental considerations has been pronounced earlier by Johansson 
(2002). These two approaches could be categorized as micro-level factors within 
the interpretation dimension belonging to the ecodesign capabilities. Lindahl 
(2005), on the other hand, examined the individual level to better understand 
what would enhance designers to use environmentally oriented tools and meth-
ods, thus, approaching the ecodesign capabilities from a combination of 
knowledge and interpretation dimensions. Boks (2006) emphasizes the neces-
sity to better understand personal objectives, which would again resonate with 
the interpretation dimension within the ecodesign capabilities. 

To start with, the results indicate that the enjoyment and importance attached 
to environmental considerations seem to be associated with such phases within 
product development where more freedom is assumed. In other words, signifi-
cant associations are found for these two attitudinal factors and with increased 
frequency to include of environmental consideration at the task clarification and 
planning phases, as well as at the conceptual phase. However, this was not so 
with the other ecodesign practices examined, such as requirement related items. 
Nevertheless, the enjoyment was positively associated with perceived support 
from top management to include environmental considerations into one’s work. 
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While the norm related to support from top management was further associ-
ated with the perceived increased frequency to include environmental consider-
ations into functional requirements, the other attitudinal items were not. In 
contrast, the perceived support from colleagues to include environmental con-
siderations into one’s work, as another proxy for norm, was associated with 
more frequent inclusion of environmental considerations at later phases of 
product development. These results seem to indicate the existence of the valuing 
aspects from the interpretative structures posited by Lenox and Ehrenfeld 
(1997): while the execution necessitates perceived support from colleagues, in 
the beginning it is more important to perceive that top management supports 
inclusion of environmental considerations in product development. 

Regarding the finding related to the discussion on proponents and executors. 
In Publication 1, various functions were assumed to take responsibility with 
most often cited being product development. This location of responsibility for 
environmental considerations seems to be associated with the perceived formal-
ized processes to manage product development. Albeit just marginally signifi-
cant, those respondents representing business or product development consid-
ered the processes to include environmental considerations to be more estab-
lished, than those working with environmental, quality or sustainability func-
tions. 

Publication 3 concentrates on the examination of the role of one selected fac-
tor at the micro-level in better understanding the extent of ecodesign implemen-
tation issues. Interesting insights are revealed by studying respondents’ values 
with a measure first known as the ecological worldview originating from the 
1970’s, which, to the best of the author’s knowledge has not been earlier exam-
ined in product development contexts. In Publication 3, the results were ex-
panded with first deriving a measure for ecological concern with seven items 
from the revised scale for ecological worldview. The extent of ecological concern 
was found to be high similarly to studies in other types of populations (Hawcroft 
& Milfont 2010). These seven items in Publication 3 present more of the scale’s 
pro-ecological dimensions in contrast to the scale’s items measuring more of the 
beliefs on dimensions related to human dominance over nature (Lau et al. 
2016). It would be insightful to examine ecological concern in other populations 
representing people working in product development to learn potentially more 
on the facets of proponents and non-proponents. 

Related to the ecodesign practices, not many significant direct relationships 
were detected between them and the ecological concern. Nonetheless, two intri-
guing ones were found. First, the ecological concern correlates directly with the 
perception of formal management processes for environmental considerations 
in product development. Secondly, the extent of the ecological concern, and the 
perception of easiness to find environmental information did significantly cor-
relate. Still, the perceived ease of finding environmental information, as a proxy 
for ecodesign capability to communicate on environmental issues within a com-
pany, leaves room for improvement with approximately half the respondents 
agreeing on this. It is noteworthy that the aspect of easiness to find environmen-
tal information - or the lack of it in this research - has been found to slow down 
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the implementation of ecodesign. Namely, Bey et al. (2013) show that difficul-
ties in finding information on environmental impact was regarded as among the 
top barriers in implementing environmental strategies. These two results from 
the survey in Publication 3 seem plausible when it is acknowledged that employ-
ees would assumedly notice issues they value within organizations, but on the 
other hand, they are also realistically aware of their respective organizational 
constraints for their implementation (Stern et al. 1995). 

Turning to knowledge dimension in the ecodesign capabilities, from a more 
practical level, more associations were found with ecological concern, and few 
selected circular economy considerations that are also seen as examples of 
ecodesign practices. Specifically, such associations are detected with ecological 
concern and items broadly connoted with more resource scarcity aspects (cf. 
Boks and Stevels, 2007): considering renewables, recycled materials, recovery 
of plastics and metals, and ease of material separation. Moreover, to our sur-
prise, those respondents with increased ecological concern were more likely 
aware of considerations for the durability aspects within typical product devel-
opment projects. These intriguing results suggest to noting these aspects from 
a fresh dimension. In other words, might it be that some of the arguments for 
the implementation hurdles in these internal discussions stem from value-laden 
facets, such as the ecological concern examined in the Publications 1 and 3. For 
example, in Publication 3, the significant relationship between the perceived 
considerations for recycled materials and durability was attenuated when the 
role of ecological concern was controlled for. If so, then this type of examination 
might provide ways to better comprehend and address arguments for instance, 
when scoping and framing the circular economy activities within companies 
(see more in The British Standards Institution 2017). 

To conclude in responding to RQ3 about how human factors are associated 
with ecodesign practices. Enjoyment, and considering it important to work with 
environmental considerations were associated with more frequent inclusion of 
environmental considerations in the early product development phases: 
Namely, the task clarification, and planning, and with conceptual phases. As 
these are assumed to be those product development phases in which more flex-
ibility, and creativity is called for, it would be important to better understand 
this relationship between these specific human factors in more details. Then 
quite interestingly, while the perceived top management support seemed to be 
associated with functional requirements phase, the support from colleagues 
seem to be related to those phases in which forthcoming product starts to get its 
shape in more details. This result confirms with the understanding that envi-
ronmental considerations should be valued to enhance their application. 

Finally, turning to one specific human factor assessed: ecological concern. It 
seems significantly associated mainly with two perceived meso-level ecodesign 
practices. These are formal management to include environmental considera-
tions within product development processes, and perceiving it as easy to find 
information on environmental topics. Hence, no significant relationships are 
found with the extent of training on environmental considerations, nor with 
their perceived role within product development or considering them being on 
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a par with quality, and not with the frequency to include environmental consid-
erations within the product development phases. In contrast, ecological concern 
is found to associate with the awareness of a few selected circular economy con-
siderations. This seem plausible considering their closer connotations with the 
NEP items assessed. Figure 12 below summarizes these significant bivariate re-
lationships from Publication 3. 

More empirical research is needed to refute these preliminary relationships in 
other similar samples. Nonetheless, drawing from the interpretative dimension 
within the ecodesign capabilities framework (see Figure 7 in 2.5), these results 
suggest that perhaps different types of argument bases, and related skills, are 
needed to advance ecodesign implementation. Those seeking to advance 
ecodesign implementation might benefit from understanding these different 
views from internal stakeholders regarding the role of natural environment and 
humans, and the ways they might be related to assumptions made towards ad-
vancing ecodesign (see also Senge et al. 2008). 

 

 

The ecological concern construct coined by Dunlap et al. (2000) might support 
exploring such relationships with potentially revealing mediating effects among 
people involved with product development. For example, one interesting way to 
assess these relationships might be to examine the limits of growth dimensions 
within the NEP scale, including that of the spaceship earth related item based 
on Boulding (1966). These results suggest an intriguing insight in advancing the 
knowledge and practice on issues related to human factors within the soft-side 
of ecodesign – yet also seemingly linked with the hard-side. 

Three areas of concern may limit the interpretations of these results (Malhotra 
2004, p. 266-269). Reliability refers to being able to repeat measurements with 
the similar results, while validity refers to the extent that what is measured rel-
evantly assesses the research problem. The third level of assessment on limita-
tions refers to the extent to which it is possible to generalize from the results to 
a wider population of interest. 
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Overall, it is highly unlikely to be able to conduct surveys without some meas-
urement bias. However, to minimize such effects, few remedies were applied 
that are described in-depth in Publications 1 and 3. For instance, reducing social 
desirability was sought by allowing an anonymous response format; this may 
enhance the reliability of the measurement, although using English with poten-
tially non-natives may increase the possibility of misunderstanding some ques-
tions. Also, this approach prevented the possibility to triangulate results. Inter-
nal reliability with Cronbach alpha was applied for scales. Furthermore, it was 
seen vital that questions were drawn from extant literature to enhance the no-
mological validity. In addition, the clarity of questions was tested. 

In Publication 2, the following limitations may occur. In terms of the termi-
nology used to conduct content analysis from the sustainability reports related 
to circular economy – only few selected terms were used in order to increase 
nomological validity and with the acknowledgement that not all possible terms 
were analyzed. Another measure was taken to assess the validity (Malhotra 
2004, p. 269), the results were tested with environmental performance and se-
lected ecodesign related potential practices for potential relationships: this sug-
gested a plausible framework was applied. 

Although content analysis would also provide a way to examine more subjec-
tive measures, such as verbs and adjectives, and the way they are linked with 
target terms for broader context understanding, Publication 2 concentrated on 
the adoption of key terms to maintain the clarity and relevance of the research 
objectives, and to minimize potential intended messages by more advanced re-
porting practices. For the similar reason, triangulation was deemed inappropri-
ate as well. An example of a more context related content analysis could be seen 
for instance in the research conducted by Bjørn et al. (2017). 

Furthermore, it could be reasoned that companies might have unpublished 
environmental quantitative targets for products. While this is most likely true 
in many cases, the counterargument is that in such a case, this situation would 
suggest that they might not be widely applied within companies. This view stems 
from acknowledging that communicating such target settings would demon-
strate more mature practices to advance a company’s environmental agenda 
through their product development practices. 

Related to the validity of the NEP scale used, in Publications 1 and 3, the NEP 
measure with 15 original revised items was used to assess employees’ ecological 
concerns. This construct is subject to an on-going discussion about its dimen-
sions influencing whether it should be assessed as a unidimensional or multidi-
mensional construct, and some even argue for updating some of the items in-
cluded in the measure. These discussions may advance the understanding of 
this construct, and its measurement in the future (Hawcroft & Milfont 2010; 
Dunlap et al. 2000; Amburgey & Thoman 2012). Meanwhile, it is argued that in 
Publication 3, the nomological validity of NEP was improved by reducing the 
number of items based on statistical procedure down to seven from the original 
fifteen (Hair et al. 2010). For instance, this led to the emergence of a similar 
construct to the original NEP, as five out of seven derived items were already 
present in that scale. 



66 

Finally, these results are not generalizable to other populations covering peo-
ple working in product development in Finland (Publications 1 and 3), and nei-
ther to other populations within the ICT sector (Publication 2). In both samples, 
the judgmental non-probability sampling was applied at more environmentally 
oriented contexts, similarly to other studies, such as Handfield et al. (2001), 
Pascual, Stevels et al. (2003), Bey et al. (2013), and Short et al. (2012). Moreo-
ver, both samples exhibit a bias toward organizations that are larger in terms of 
employees. In Publications 1 and 3, the company background of respondents 
was biased toward metals and mining, whereas in Publication 2, bias within the 
ICT sector was related to sample representing companies from electronics and 
electrical equipment and component manufacturers. Furthermore, the sample 
sizes may be seen as small. Nevertheless, it is argued that the results in these 
publications provide new empirical insights into the extent of ecodesign prac-
tices within product development contexts complementing the other types of 
research methods used in the domain. 
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The research objective for this dissertation is to deepen understanding of the 
context related to enhanced ecodesign implementation within product develop-
ment. To answer this objective, three research questions were posed for which 
answers were derived from two types of data using a descriptive research ap-
proach. The meso-level analysis is based on data from sustainability reports, 
whereas the micro-level analysis relies on survey observations from respond-
ents working with product development. The latter is the primary level of anal-
ysis applied. This dissertation contributes to the knowledge base by both updat-
ing and expanding the understanding of selected issues in more detail. These 
selected issues consist of ecodesign practices including circular economy con-
siderations, and human factors, such as ecological concern. 

Overall, this empirical research confirms that although encouraging signs ex-
ist, more is needed to have environmental considerations mainstreamed as im-
plemented ecodesign practices. For example, even in assumingly more environ-
mentally proactive companies, environmental considerations are not frequently 
included in functional requirements nor is their role yet seen as being always 
necessary. It is maintained that environmental considerations should proceed 
beyond the level of ‘nice-to-have’ before they would succeed in altering product 
development processes and practices toward minimizing adverse environmen-
tal impacts. 

Ecodesign implementation issues should also be continued to be highlighted 
more broadly: While ecodesign is seen as the critical enabler toward circular 
economy in practice, its implementation hurdles continue to prevail. For exam-
ple, enhancing ecodesign implementation would also benefit from a shared un-
derstanding of the meaning of circular economy considerations in a given con-
text early enough in the product development process. With the current interest 
in circular economy, this becomes even more critical with such ambitions po-
tentially touching companies’ value chains in even more unprecedented ways. 
It is important to share and to debate the views on the ways assumed changes 
in relationships may occur in these systems in which company is envisioned to 
take part in. For instance, seeking to explicate mental models might enhance 
this. 

Indeed, even the concept of a circular economy is just emerging into the lexi-
con. For instance, an awareness of several terms typically associated with a cir-
cular economy appears to be low in the sustainability reports, apart from the 



68 

high occurrence of mentions of lifecycle and recycling. Moreover, the quantita-
tive environmental targets for products targeting the post-use phase were un-
common. Hence, these results suggest that such activities remain to be main-
streamed within the ICT sector moving forward within the circular economy 
sphere. The more mature ecodesign practice in the form of commitment to 
quantitative environmental targets for products would seemingly advance this, 
as these results show that such targets were positively associated with a better 
understanding of their reclaimed product and packaging flows. However, it 
should be acknowledged that the nature of such activities – such as committing 
to quantitative targets- occurs slowly. Yet, these results suggest that such pro-
gress has occurred within the ICT sector. 

On the other hand, these results contribute to the knowledge base by expand-
ing the discussion on aspects on durability which is considered as one of the key 
issues within circular economy discussions. Results show, interestingly, the 
ways such considerations were not found to be associated with assessed 
ecodesign practices, albeit with one exception. The one association found was 
with the frequency to include environmental considerations in the task clarifi-
cation and planning phase. Also, intriguingly, durability was not associated with 
lifecycle items assessed. Indeed, it would be very interesting to deepen under-
standing on the way durability aspects are determined, including the means by 
which and in which format they enter the product development process. More 
research could shed light on the finding based on these results, that durability 
aspects are shown in some cases be even mediated by ecological concern. 

Namely, in overall, these are, to the best of my knowledge, the first published 
results on the potential influence of an ecological concern, or ecological 
worldview using the NEP scale, in the context of product development. This 
would be very interesting to explore further together with a developed under-
standing of enjoyment, and selected other positive emotions that might be at 
interplay with each other. Furthermore, NEP scale contains items to circular 
economy related environmental beliefs, such as that of assessing the respond-
ent’s strength in believing that earth is like spaceship with limited resources. 
Investigating this could shed more light to the interplay with individual’s behav-
ior and ecological concern in the organizational context, in which circular econ-
omy related ecodesign practices are called for. 

Results such as those aforementioned would advance our knowledge by de-
tailing the discussion on the soft-side of ecodesign further. As individuals adopt 
– or do not adopt - practices in companies including ecodesign practices, it is 
essential to better understand the means by which human factors may be related 
to these practices. For instance, those product development phases being as-
sumed to be less formally organized seem to be linked with selected attitudes, 
such as the frequency of including environmental considerations at conceptual 
phases with the enjoyment or considering them important. As these examples 
show, few attitudes and beliefs seem to be associated with ecodesign practices. 
Principally, it seems that assessed human factors influence at different levels of 
abstraction also depending on organizational constraints. 
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One way to advance this could be by examining items from Publications 1 and 
3 quantitatively within one company, instead of observations from respondents 
representing several companies. On such an occasion, it might be possible to 
gather data from triangulated sources including steering documents for product 
development projects; other members, that might even originate outside of the 
company, from the same projects; or meso-level documents, such as sustaina-
bility reports. Moreover, it might even be possible to assess several product de-
velopment projects in order to further determine the role of the human factors, 
more specifically, ecological concern and positive emotions, within the 
ecodesign practices. Studying and exploring their potential linkages with 
ecodesign practices, would advance our knowledge for a better understanding 
of prevailing attitudes, and the ways in which they might influence the imple-
mentation issues in practice. 

Indeed, this dissertation offers several stimulating research paths to advance 
the knowledge base. In addition to the examples mentioned before, conducting 
a meta-analysis linking other empirically validated results with constructs ex-
amined in this research would allow the creation of a theoretical framework for 
ecodesign implementation in a visually compelling way. In addition, such a 
compilation might allow a suggestion of ambition levels based on empirical 
findings of these compiled constructs. And, such a meta-analysis might further 
reveal new factors and relationships to be empirically tested.  

In advancing the knowledge within ecodesign from the research methodology 
point of view, this research also provides ideas for future research. For example, 
Publication 2 contributes to this knowledge base by examining the applicability 
of seldom used research method –content analysis– within the domain in as-
sessing sustainability reports regarding the maturity levels of ecodesign prac-
tices in companies. Based on the results published in Publication 2, this research 
method seems to allow deriving information from sustainability reports. If re-
porting from several years were examined, it would allow the discovery of inter-
esting insights on journeys that one or several companies have embarked on in 
progressing ecodesign. This would complement the use of case studies, action 
research, and surveys currently used within the field. 

This research has sought to explicate some recurring themes discussed within 
the ecodesign domain. Based on these results, it is plausible that companies 
would benefit from ensuring that all three ecodesign capabilities –knowledge, 
interpretation and communication - are considered. Yet, further research is 
needed to better understand the relationships between these ecodesign capabil-
ities, and their role in accelerating ecodesign implementation.  

This research came out along the rapidly increasing interest in circular econ-
omy, as well as the SDGs: I look forward to continuing further where this path 
leads next. 
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