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Abstract

Due to the environmental impact associated with the products’ use, sustainable design has extended consideration of products’
production to consumption. This study puts forward the concept of sustainable design for users (SDfUs). Using related keywords of
sustainable design and user-centered design, we identify a total of 447 usable articles published during 1992-2019 from Scopus.
Results of bibliometric analysis show that the number of SDfUs articles has generally continuously increased since 2007. The most
productive scholars are from the USA, the UK, and China, while the top three organizations are Loughborough University, Norwegian
University of Science and Technology, and Delft University of Technology. Different focuses of SDfUs appear among developed and
developing countries. Green building design has emerged as one key area that uses the concept of SDfUs in developed countries such
as the USA and the UK. SDfUs studies in developing countries such as China focus on design for end-of-life products’ treatment and
disposal. Most SDfUs studies examine how design can contribute to environmental performance through emission reduction and
energy saving during products’ use, and articles in one of five clusters from co-word analysis explore users’ behaviors for sustainable
design in the textile industry. This paper is the first study that systematically reviews the literature on SDfUs. It provides valuable
insights for scholars in the SDfUs-related fields to identify their research directions and partners. Results on clusters from network
analysis also offer practical implications for enterprises to learn from the construction and textile industries.
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Introduction integrates environmental concerns into design processes with

an aim to reduce resource consumption and environmental

Due to the increasing resource scarcity and environmental
pressure, sustainable design (or eco-design) has been promot-
ed as an important approach to alleviate or even eliminate the
negative environmental impacts generated from production
and consumption (UNEP 1997). The sustainable design
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pollution of products through their whole life cycle (Sun
et al. 2017). Initially, sustainable design focused only on pro-
duction, and it has extended to consideration of products’
consumption and end-of-life treatment only in recent years
(Ahmad et al. 2018). To promote sustainable consumption,
designers need to integrate users’ preference and consider
users’ behaviors in product design (Lockton et al. 2008; Cor
and Zwolinski 2015). Unfortunately, due to its originality,
sustainable design mainly considers from the level of systems
or objects (products) with limited consideration on the side of
users (Armstrong et al. 2015; Withanage et al. 2016).

It has been realized that it is essential to consider users’
perception and behaviors during the design process (Cor and
Zwolinski 2015). Particularly, user-centered design, using an
iterative design process with focuses on consideration of users’
needs, is becoming more and more popular (Goodman-Deane
et al. 2010; Shluzas and Leifer 2014; Uva et al. 2019). Most of
the previous publications studied on either sustainable design or
user-centered design, while very few covered both (Wever et al.
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2008; Selvefors et al. 2017). A few fields use the concept of
SDfUs or cover the related aspects. For example, the U.S.
Green Building Council leads a Leadership in Energy and
Environmental Design (LEED) program, which has made ef-
forts to promote sustainable design for buildings and commu-
nities, considering users’ (residents’) health and living condi-
tions'. An emerging field called design for sustainable behav-
iors is a user-centered approach that tries to change users’ be-
haviors to a more sustainable way through design (Wever et al.
2008; Daae et al. 2016). However, the importance of consider-
ing both sustainable design and user-centered design simulta-
neously has not been sufficiently highlighted.

This paper aims to explore if and how sustainable design
studies have considered users. It first contributes to putting for-
ward the concept of sustainable design for users (SDfUs). In this
paper, sustainable design mainly focuses on product design. As
for users, they can be not only individual consumers but also
companies. Using 447 related publications from 1992 to 2019
and based on results of bibliometric analysis, this paper further
contributes to revealing the origin and history of SDfUs studies.
Third, this paper can help scholars to identify future directions
and partners. Key authors in the SDfUs-related fields and their
institutions are identified. Moreover, different focuses on SDfUs
show that developed and developing countries have different
challenges and experiences. Besides, co-citation and co-word
analysis reveal different clusters for SDfUs studies, which can
help scholars in a certain discipline to pursue collaboration with
scholars from other fields. The interdisciplinary partnership is
needed for more in-depth future studies to develop methods
and tools, which can also facilitate practical applications of
SDfUs.

To achieve our research goal, the “Data collection and re-
search methods” section introduces data collection and re-
search methods. The “Results of initial statistics and discus-
sion” section presents initial results from the bibliometric
analysis, examining author influence, and affiliations statis-
tics, as well as keywords and citations statistics. Network
analysis is further conducted in the “Results of network anal-
ysis and discussion” section, including co-citation analysis
and co-word analysis. The “Conclusions” section summaries
the whole paper with conclusions.

Data collection and research methods
Data collection

After an initial search in Google Scholar, we identified key-
words for sustainable design with consideration of users.
Keywords related to sustainable design are “eco-design” and
“sustainable design.” Keywords that reflect users include

! https://www.usgbc.org/
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“user”, “consumer,” and “customer.” We also include key-
words related to users’ purchasing behaviors such as “aware-
ness,” “behavior,” and “purchase.” To guarantee our reason-
able selection of these keywords, we discussed with two lead-
ing scholars in sustainable design and user-centered design,
respectively.

In the end, we used the following keywords and their com-
binations: (“eco-design” OR “design for environment” OR
“sustainable design” OR “green design” OR “environmental
design” OR “design for sustainability” OR “environment-
friendly design”) AND (“user” OR “behavior*” OR “aware-
ness” OR “intention” OR “purchase” OR “procurement” OR
“perception” OR “consumer” OR “customer”). For each key-
word, we also considered basic variations (e.g., for “pur-
chase,” we also searched for “purchasing”) by using
“wildcards” (e.g., searching for “purchas*,” where * is the
wildcard indicator). We searched the above keyword combi-
nations from the Scopus database due to its broadness.

Initially, 1698 relevant publications were extracted from
Scopus. Then, publications meeting the following rules were
deleted: (1) duplicated articles; (2) articles with incomplete
information such as keywords, journals, or authors’ names;
(3) conference articles or articles that published in commercial
magazines as they are not rigidly scientific articles; (4) books,
book sections, and series. After filtering, 447 journal articles
were chosen for the following analyses.

Research methods

A literature review aims to identify, specify, map, and evalu-
ate the existing body of the relevant literature using a system-
atic, objective, and reproducible way, which highlights a rea-
sonable scope for collecting papers (Tranfield et al. 2003). A
structured literature review can handle a broad diversity of
publications and methodologies, which provides a thorough
and in-depth analysis considering clear contextual relation-
ships (Raghuram et al. 2009). Bibliometric analysis was ap-
plied in this study due to three reasons. First, compared with
other text analysis methods such as content analysis,
bibliometric analysis is easier and more reliable to handle
several hundred articles. Second, bibliometric analysis can
deeply analyze relationships among articles, citations, co-ci-
tations, and keywords, and thus, the results can provide com-
prehensive information. The final reason is that the strong
visualization ability of bibliometric analysis, which helps
readers easily and clearly identify clusters of research interests
in the field.

Initial statistics of bibliometric analysis
For initial statistics, we first examined the publication trend in

the SDfUs field with a focus on sustainable design considering
users according to the number of articles in each year. Then,
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according to a previous study (Fahimnia et al. 2015), we used
a series of quantitative measures such as papers per author,
citations per paper, and the place of publications to assess the
quality and impact of research. Bibexcel, a software package,
was used to analyze the bibliometric data due to its high flex-
ibility in data inputting and manipulating, as well as its excel-
lent compatibility with other databases such as Scopus and
visual tools such as Gephi or VOSviewer that were adopted
in this study.

The authors marked with high citations are regarded as
influential scholars in the field. To depict the authors’ influ-
ence in SDfUs, we extracted the authors’ information for all
selected publications and recorded their appearance frequen-
cies as the indicator. The affiliations of the authors were ex-
tracted into Bibexcel to analyze the top organizations and their
countries where the organizations are located.

To understand the research focuses on the field, we conducted
a keyword analysis by identifying the most frequently used key-
words in all publications of our sample. Tracking citations and
understanding the relations of all citations among articles are
critical to the evaluation of the impact and areas of the research
domain (Nicolaisen 2007). The citation of one publication re-
flects its acceptance degree by academia, which is one of the
critical indicators to measure the research impact of this publica-
tion. We calculated the cited time of one publication by others in
our sample articles as the local citation frequency. The cited time
of one publication in the broader perspective is named as the
global citation, and it is calculated considering references from
the Google Scholar database, which covers key academic data-
bases such as Web of Science, Scopus, and Essential Science
Indicators. Technically, the difference between the local citation
and the global citation of one paper reflects the degree of atten-
tion from its own and other research fields.

Network analysis

After a direct statistics description of the sample publications,
we conducted a more in-depth examination of the inner rela-
tions among these studies to reveal more results. Network
analysis was applied based on the bibliometric data to describe
the network structure of the SDfUs field by using visual tools
such as Gephi and VOSviewer. The network relation strength
between two publications could be explained by their co-
occurrence of the same keywords or co-citation of the same
study (Zupic and Cater 2014).

Co-citation analysis was put forward by Small (1973). If two
articles cite at least one common reference, both these two arti-
cles have one co-citation. The co-citation frequency calculates
the time that one article has co-citations with other articles. Co-
citation analysis assumes that the higher frequency of one article,
the higher probability that this paper is related to other articles in
the sample. Co-citation analysis is based on references of each
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article in the sample to identify the clusters. We use this method
to map and classify the articles in the SDfUs field.

The output file from Bibexcel could be imported into the
visual tool, Gephi, for co-citation analysis. Several steps were
used to generate the co-citation clusters map. Before being
imported to Gephi, bibliometric data needs to be pre-processed.
A threshold of the co-citation frequency should be appropriately
set. An article with the co-citation frequency below the threshold
is excluded in the following co-citation analysis. A too high
threshold would lead to overfiltering, so that too few articles
are kept in co-citation analysis to provide the research structure
of the field; a too low threshold would result in underfiltering so
that too many clusters are generated. For better visualization in
the layout in Gephi, the Force Atlas algorithm suggested by the
previous studies (Fahimnia et al. 2015; Feng et al. 2017) was
used in our study due to its simplicity and readability. Each node
represents an article, and each edge between two nodes repre-
sents the co-citation relation. After manual adjustment on the
repulsion strength, speed, node size, and other parameters
(Fahimnia et al. 2015), the most connected modes are formed
as a cluster in the network.

For a more detailed examination of the research field, the co-
word analysis was conducted. Similar to co-citation analysis, co-
word analysis generates clusters that represent diverged research
focuses on a field (Ding et al. 2001). Different from co-citation
analysis, which is based on the connectivity according to cited
references, co-word analysis extracts information of keywords in
each article in the field and analyzes their frequency of co-
occurrence (Ding et al. 2001). Two keywords have higher close-
ness if they are found in the same articles more frequently. Co-
word analysis enables researchers to directly analyze the content
of articles from used keywords to depict the structure of the field.
Similar steps for co-citation analysis, we used the VOSviewer
software package, which has good compatibility with Bibexcel,
to generate a co-word network. Density can be also used to
measure the strength of the interaction between keywords (An
and Wu 2011; Feng et al. 2017). VOS mapping in VOSviewer
enables users to generate a diagram of nodes for keywords and
the distance between each couple of keywords based on density
(Cobo et al. 2011). The algorithm is based on the sum of squared
Euclidean distance between each couple of two nodes in an
iterative process (Feng et al. 2017). A large density value means
a small distance between two nodes. Based on the density values,
a heap map can be generated from VOSviewer to reflect research
focuses on the field.

Results of initial statistics and discussion
Descriptive analysis of collected articles

Figure 1 shows a continuously growing trend since 1992. A
tremendous growth started from 2006-2007, and about 94%
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of the articles were published after 2006. The peak year that
published the most articles was 2015, with 52 publications.
The earliest two papers in 1992 focused on eco-design and life
cycle analysis. Another key finding is that more papers have
been published since 2015, and over half (229 out of 447,
51.23%) of the articles were published after 2015. Such results
indicate that SDfUs has attracted increasing attention from
researchers, especially in the recent 5 years, which reveals that
SDfUs has become an emergent and important research field.

The top ten journals that published articles about SDfUs are
shown in Table 1. These ten journals published 134 articles,
which is nearly 30% of the total of 447 publications. The remain-
ing 70% of the articles were dispersedly published in other
journals. The Journal of Cleaner Production published 62 arti-
cles, accounting for about 46.3% and 13.9% of the articles pub-
lished in the top ten journals and all articles in the sample, re-
spectively. Notably, there were four special issues in the Journal
of Cleaner Production. The special issue of “Eco-design: what’s
happening” in volume 14, issues 15-16, 2003, covered studies
considering the combination of eco-design and user benefits with
the attempt to gain a win-win situation by using clean energy
systems (Karlsson and Luttropp 2006). Another special issue in
2012 published papers on “sustainable product-service systems
(PSS)” to explore possible tools and methods that could enhance

the implementation of PSS to satisfy customers/users (Vezzoli
et al. 2012). The special issue in 2013 of “Sustainable consump-
tion and production for Asia: sustainability through green design
and practice” published papers addressing sustainability through
green supply chain management, design, and practices in Asia
(Tseng et al. 2013). Later in 2013, another special issue on
“Sustainable innovation and business models” published papers
to explore the design of new management tools to stimulate
sustainable innovation (Boons et al. 2013). The second top jour-
nal discussing issues on SDfUs is Sustainability with 14 publi-
cations, followed by the International Journal of Sustainable
Engineering with 13 articles.

Table 1 shows that most articles were published in journals
related to either sustainability or design, such as the Journal of
Design Research, the Journal of Cleaner Production, and the
International Journal of Design. Despite the increasing atten-
tion in other fields in recent years, the main attention to SDfUs
is still from the fields of sustainability and design. It might
take more years to attract broader attention from other related
fields. Papers appearing in the International Journal of
Production Economics prove that SDfUs has attracted
scholars in the field of operations management and production
economics. Due to the nature of SDfUs, more interdisciplinary
research is needed.

Table 1 Top ten journals in terms

of number of SDfUs publications Journal name

Total number Percentage (%)

Journal of Cleaner Production
Sustainability

International Journal of Sustainable Engineering

Journal of Design Research
International Journal of Design

Design Journal

International Journal of Sustainability in Higher Education

Resources, Conservation and Recycling

Journal of Industrial Ecology

International Journal of Production Economics

The total number of top ten journals

62 46.27
14 10.45
13 9.70
8 597
7 522
7 522
6 448
6 448
6 448
5 3.73
134 100
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Authors influence and affiliations statistics

Table 2 describes the top ten authors who contribute the
highest number of papers, including both first-authored and
co-authored papers.

As shown in Table 2, Boks C published 11 papers, ranking as
the top 1 author with the highest number of publications. Among
these 11 papers, four were co-authored by Deea J. Both Lilley D.
and Bhamra T. published 7 papers, and two were co-authored by
these two scholars. Similarly, Lockton D. and Stanton NA co-
authored most of their papers. Moreover, the majority of these
researchers are from product or technology design backgrounds.
Three researchers (Kuo, Zhang L, and Zhang J) are from indus-
trial engineering, which is close to operations management/
operational research. Most of these researchers applied empirical
methodologies such as case study, experiment, and survey. Boks
C, for example, did a literature review and case analysis in his
studies. The business model design is another highly used meth-
od by these top researchers.

Table 3 presents the top organizations that contribute more
than two publications, as well as their geographic locations
and the number of publications. Researchers at Loughborough
University published the highest number of papers. Compared
with the top ten authors in Table 2, it can be seen that
Norwegian University of Science and Technology, Delft
University of Technology, and Loughborough University
are represented by authors of Boks, Lilley, and Bhamra,
respectively.

Table 4 depicts the top ten geographic locations of the
organizations that contribute to the field. Totally, 342 of 447
papers in our samples are from the top ten countries/regions.
Among these ten countries/regions, scholars in the USA and
the UK published the highest numbers of papers, 101 and 62,
respectively. China ranks as the third with 61 publications,

including 35 from the mainland of China and 26 from
Taiwan but excluding those from HK. Specifically, the num-
ber of publications from China has increased rapidly over
recent years, which indicates that SDfUs has become popular
in China. This echoes the position of China as the world fac-
tory, and thus, China has realized the importance of SDfUs,
bringing more related efforts. The rest 105 papers in our sam-
ple were contributed by scholars from the rest countries of
Europe such as Germany, the Netherlands, France, and other
countries or regions such as Hong Kong and Singapore.
Overall, scholars in the SDfUs field disperse globally. Asia
contributes less than North America and Europe, and no con-
tribution is from Africa and Russia.

Keywords and citations statistics

Table 5 lists the top 20 used keywords. There are 6128 key-
words generated from 447 articles in total. Table 5 shows that
“eco-design” is the keyword with the highest frequency,
which indicates that SDfUs has been mostly studied from
the eco-design perspective. The keyword of “life cycle assess-
ment” is interesting to appear as the equally second frequently
used to “sustainable development.” Such a result reveals that
SDfUs is closely connected to the life cycle thinking of prod-
ucts. Besides, “building” also appears in the list, which im-
plies that one important application of SDfUs is about the
building and construction industry. The US LEED program
has been implemented successfully and diffused to other
countries such as China. Experiences in the building and con-
struction industry can be summarized and then learned by
other industries.

The initial citation analysis in Gephi reveals that 447 stud-
ies cite each other. The top ten papers based on the times of
citations are listed in Table 6. Lilley (2009) has the highest

Table 2 Top ten authors with the
highest number of publications in
the SDfUs field

Author name

Authors’ organizations Number of  Percentage

publications (%)

Boks C

Lilley D
Bhamra T
Daae J

Lockton D
Stanton NA
Millet D
Kuo TC
Zhang L
Zhang J

The total number of publications for

Top ten authors

Norwegian University of Science and 11 22
Technology
Delft University of Technology 7 14
Loughborough University 7 14
Norwegian University of Science and 4 8
Technology
Carnegie Mellon University 4 8
University of Southampton 4 8
SUPMECA Toulon 4 8
Chung Yuan Christian University 4 8
Liverpool John Moores University 3 6
University of Vermont 3 6
51 100
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Table 3 Organizations with over
two publications in the SDfUs Organizations Number of publications Location
field
Loughborough University 14 UK
Norwegian University of Science and Technology 12 Norway
Delft University of Technology 10 Netherlands
Aalto University 9 Finland
University of California 8 USA
University of Manchester 7 UK
Brunel University 6 UK
Chalmers University of Technology 6 Sweden
Chung Yuan Christian University 5 Taiwan
University of Florida 4 USA
University of Toronto 4 Canada
Colorado State University 4 USA
University of New South Wales 4 Australia
University of Hong Kong 3 Hong Kong
National Cheng Kung University 3 Taiwan
Purdue University 3 USA
Michigan State University 3 us
Georgia Institute of Technology 3 usS
University of South Australia 3 Australia
National Taipei University of Technology 2 Taiwan
Total 113
citation among all papers. Five scholars as top contributing
authors shown in Table 2 also have publications in the list of
Table 6 as expected, such as Boks, Lilley, Lockton, Stanton,
and Bhamra. Such results further provide evidence of their ~ 120ie > Top 20 frequendy used keywords in the ficld
strong impact in the field. Surprisingly, two papers receive Keywords Frequency
extremely high global citations, they are Steg and Vlek
(2009) with 2454 citations and Abrahamse et al. (2005) with ~ Eco(-)design(s) 151
2442 citations, but their local citations of 7 and 6 are not high. ~ Sustainable Development 142
These two articles are review papers on environmental  Life Cycle Assessment/Analysis (LCA) 142
Product design 112
Environmental impact assessment(s) 98
Table 4  Geographic locations of organizations that contribute to the Design 90
field Sustainability 80
Country Number of publications Percentage (%) Sustainable design 69
Building(s) 38
USA 101 29.53 Product development 37
UK 62 18.13 Design for sustainability/(sustainable behavior) 36
The Mainland of China 35 10.23 Energy efficiency 36
Taiwan 26 7.60 Recycling 31
Canada 25 7.31 Article 30
Australia 23 6.73 Decision making 29
Netherlands 20 5.85 Environmental design 28
Italy 18 5.26 Green building(s) design 28
Sweden 17 4.97 Quality function deployments (QFD) 28
Norway 15 439 Environmental protection 27
Total among ten top countries 342 100 Design for environment (DfE) 26
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behaviors. Such results indicate that they have laid the foun-
dation for the later studies in broader fields related to SDfUs.

A closer check found that the contributing authors for two
publications in Table 6, Steg, Vlek, Abrahamse, and
Rothengatter, have backgrounds of psychology or behavior
studies, which may explain the high global citations that are
from the related fields such as behavior research. Researchers
for the rest of 8 publications in Table 6 are from the field of
sustainable design. Such results also indicate that despite
SDfUs interacts with two fields of sustainable design and hu-
man behavior research, the majority of scholars in the SDfUs
field mainly study sustainable design without enough consid-
eration from the users’ perspective. Last, examining the over-
all research topics and adopted methodologies of these highly
cited papers, we can see that most of the articles are explor-
atory studies and aim to develop a conceptual or research
framework of SDfUs by using qualitative methods or case
studies. Such results indicate that the SDfUs field is in the
emerging stage, which further urges for research cooperation
on SDfUs among researchers, especially for designers and
psychologists.

Results of network analysis and discussion
Co-citation analysis

Learning from previous studies (Zupic and Cater 2014; Feng
et al. 2017), we used the threshold of 4 for the co-citation
frequency. Based on this principle, our co-citation data have
332 articles, deleting 105 from the original 447 articles.
Table 7 shows the values of parameters for the co-citation
network. The density measures the co-citation strength of
the overall network, and it ranges from 0 (means no co-
citation) to 1 (means each article in the network having co-
citation with other articles). The density value of 0.02 shows a
relatively weak co-citation among all articles, which indicates

Table 6 Top ten publications with the highest local citations

Publications Local citations Global citations

Lilley (2009) 16 300
Wever et al. (2008) 14 284
Jelsma and Knot (2002) 10 125
Pettersen and Boks (2008) 8 74
Lockton et al. (2010) 8 376
Steg and Vlek (2009) 7 2454
Tang and Bhamra (2012) 7 51
Zachrisson and Boks (2012) 6 68
Redstrom (2006) 6 419
Abrahamse et al. (2005) 6 2442
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Table 7  Values of parameters of the co-citation network

Index Value
Density of the network (0, 1) 0.02
Number for a group of fastest nodes 12
Average path length 3454
Number of shortest paths 5,993
Modularity 0.602

limited cooperation among scholars in the field of SDfUs. The
average path length is 3.454, and the number of shortest paths
(which is one-unit length) is 5993. Considering the network
with 332 nodes, the number of 5993 is a reasonable shortest
path number.

Given that closely connected articles have similar charac-
teristics, a cluster with strong co-citation relations could be
considered as a subject research area (Hjorland 2013). An
in-depth examination of the papers in the same cluster helps
to draw the research focus of the sub-field. The co-citation
analysis generates 7 clusters (shown in Table 8 and Fig. 2).
Six of 7 clusters, excluding cluster 6, have tens of articles in
each cluster, and thus, we ranked articles by their PageRank2
values of co-citation. We further conducted the content anal-
ysis for the top ten articles for each cluster (4 articles for
cluster 6) to determine the sub-areas in the SDfUs field by
labeling clusters. Table 8 summarizes the sub-areas for all 7
clusters considering their research focuses.

According to the contents of articles, especially those with
high PageRank values, we label all seven clusters. Cluster 1 is
labeled as theoretical, exploratory, and conceptual
development. For example, Hart (1995) extended the
resource-based theory to propose a natural resource-based
view of firms. Based on 650 articles from the engineering,
management, and policy studies, Baumann et al. (2002) sug-
gested that a systems perspective is necessary to optimize
resource use and minimize emission for green product
development. Daae and Boks (2015) explored how techniques
and experience applied in design for sustainable behavior can
help to deal with uncertainties in the use phase for life cycle
assessment. The existing studies provide a theoretical founda-
tion, but a clear conceptual model of SDfUs is still
underexplored.

For clusters 2—6, articles in each one focus on one specific
industry or area. We label them as green building design (clus-
ter 2); packaging, recycling, and reverse supply chain (cluster
3); consumers’ perception, willingness, and behavior on

2 “Co-citation PageRank™ has been accepted as an effective indicator for de-
termining the top articles in a given co-citation cluster (Ding et al., 2009; Yan
and Ding, 2011). The PageRank algorithm gives higher weights to papers that
are (1) co-cited with different papers and (2) co-cited with highly co-cited
papers (Fahimnia et al. 2015).
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5 g §NC3 ¢ | . o . .
5 g5 £ £ 3% s g8 § production. Qualitative methodologies such as literature re-
view (Waage 2007) and case study (Ornetzeder and
$ ) Rohracher 2006), as well as quantitative methods such as
—_ - ] %’ AHP (Kwong and Bai 2002; Kahraman et al. 2004), are
5T - ~ ~ : ; i
= 5B = S g = 2 used. Only four articles use analytical models or optimiza-
SRS e~ R=| S . .. .
= = E a 8 S & & tion methods. Thus, opportunities for future research in
EE S5 35 © . = E = . . . .
E 35 g 8 238 =8 £ ;D modeling exist, which can help to reveal mechanisms for
+ | S E 2 % 88 :28@89% g the successful implementation of SDfUs, especially when
5 -~ g = = S R= & . . . . .
2|22 & ® 2% ZRSE o multi-stakeholders are involved in sustainable design.
S|22 @ &8 25 227¢ 2
= 7]
= s 2 :
5} = w = Co-word analysis
T8 3 5 ~@m = & <
B = Q A~ N s = = = . . .
28 - B = § B2 =T ] As shown in Fig. 3, gradually warmer colors and density
E ©nw Q@ o d =t . ;
8% B B S z 4% o8 values are used to show the importance of a concept in the
gl T = < & - o —_ . .
5|2 2 a s B 8 g E%D s g = g network. A concept with warmer color (red) and a higher
é E E 3 E g 8¢ E ; @E density value indicates that the concept is more frequently
a . . .
= i i used and gains higher attention from researchers in the field
g = than a concept with cold color (green). Three main concepts
g z @8/ % 2 2 could be easily identified from the heat map in Fig. 3, which
& a 2 o s ES § g are “environmental impact,” “product design,” and “sustain-
|4 L= b = Q
2 ¥ 8 - £ 8§ =25 - ¢ able development.”
3 ) a =l s < . o . . .
5 o2 = T -2 E£%F B T Similar to co-citation analysis, a threshold of the minimal
172) Q = = ° = 15 y
8 ‘a\_‘) _‘§ § = B SR E § ':% g = times that a keyword appears in the article should be set
= 8 o= = b s} %) @ . b3
Zlz|legs & B8 2 E £ i % (Zupic and Cater 2014). We have a total of 6128 keywords
gl @] <© < 2 24 2& Z 2 from 447 articles, which could be difficult to generate clear
A . = clustering results according to the previous studies (Chai and
g . . . .
2 g § — Xiao 2012). A reasonable size for clustering keywords in
5 ~ = [} .
S %' 2 § < § %‘) s network analysis should be between 200 and 500
g} = on) r .
S é 8 ~ o < g Ce S § (Fernandez-Alles and Ramos-Rodriguez 2009). For this rea-
w | T '% % & E g g «E z g 28 son, we kept keywords that appear more than 3 times (in-
2 % 2 g _:% £ % # g 22 § cluding 3), and totally, 494 keywords were analyzed in the
cfloclagd = = &2 T8 ¥ 8 co-word analysis.
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Fig. 2 Clustering map for co-
citation analysis
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The algorithm in VOSviewer generates five clusters. We
listed the top-ranked keywords in terms of the weights in each
cluster (shown in Table 10). The weights are calculated from
the sum of squared Euclidean distance. We also visualized the
five clusters as groups of nodes in five colors (see in Fig. 4).
Each node in Fig. 4 represents a keyword, and the size of the
node is proportional to the co-occurrence frequencies of each
keyword. We then conducted the cluster labeling process for
the keywords, and the labels of five clusters are also included
in Tables 9 and 10.

Table 10 shows that cluster 1 focuses on the issues of
end-of-life products, post-use treatment, and waste man-
agement, and thus, we label it as sustainable design for
treatment and disposal of end-of-life products. The most
relevant keywords in this cluster are “human,” “recycling,”
“waste management,” “circular economy,” etc. One of the
objectives of sustainable design is to reduce the environ-
mental impact in the phase of product use. Researchers
have studied this issue by developing “extended producer
responsibility,” “green packaging,” or “recycling.”
Interestingly, “developing countries” and “china” appear
in the cluster (see in Fig. 3), which implies that this issue

@ Springer

received significant attention from developing countries
such as China. Such a result may link to the reality that
developing countries such as China have experienced in-
creasing pressure for waste management (Wang et al.
2017; Shi et al. 2019).

Cluster 2 discusses energy conservation, and thus, we label
it as a sustainable design for energy efficiency of product use.
As a typical practice of SDfUs, green building design aims to
achieve environmental performance and decrease energy con-
sumption without sacrificing users’ experience. Words such
as “architectural design,” “energy efficiency,” “energy conser-
vation,” and “green building” are included in the cluster.
Despite the fewer frequencies, “intelligent buildings,” “human
engineering,” and “indoor air” appear in this cluster, which are
closely related to the sustainable design of buildings.
Compared with environmental aspects of the sustainable de-
sign, the social design of buildings, which highlight users’
preference for a better living environment beyond energy sav-
ing, receives less attention from researchers. Due to the grow-
ing importance of social aspects in sustainability, user-
centered design considering more users’ preferences besides
environmental performance can be another research direction.
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Fig. 3 Clustering results for co-
words analysis
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Another research focus in the field of sustainable design is
related to sustainable supply chain management considering
different stakeholders, which forms cluster 3. We label this
cluster as a sustainable design considering stakeholders’ in-
volvement for products’ use. SDfUs requires collaboration
among firms and their stakeholders, especially among sup-
pliers and customers. With more stakeholders involved in
the product design stage, better performance can be achieved

from the product life cycle perspective. Empirical works con-
sidering “economic and social effects” of sustainable design at
the supply chain level are incorporated in this cluster. A small
number of articles using analytical models or optimization
tools and methods in this cluster, such as “optimization,”
“simulation,” and “fuzzy logic,” appear with relatively low
frequencies (3, 12, and 2, respectively). Such a result indicates
that more in-depth quantified studies are worthwhile.

Table 10  Top-ranked keywords based on cluster weights for co-word analysis

Cluster 1 (sustainable design  Cluster 2 (sustainable

Cluster 3 (sustainable design

Cluster 4 (sustainable Cluster 5 (sustainable design for

for treatment and disposal of ~ design for energy considering stakeholders’ design considering broader environmental and
end-of-life products) efficiency of product involvement for products’ use) ~ consumers’ behaviors)  economic performance)
use)
Human (s) Sustainable development Product design/development Product design Environmental impact
Recycling Sustainability Supply chain management Surveys LCA
Circular economy Architectural design Design for environment Behavioral research Decision making
Waste management Energy efficiency Green design Consumer behavior Climate change
Environmental sustainability =~ Green buildings Manufacture Planning Cost-benefit analysis
Waste disposal Energy utilization Sustainable products Design strategies Gas emissions
Extended producer Environmental design ~ Economic and social effects Corporate social Carbon footprint
responsibility responsibilities
(CSR)
Packaging Energy conservation Customer satisfaction Textile industry Global warming
Environmental regulations United States Fuzzy logic Ethics Product-service systems
Developing countries United Kingdom Small and medium-sized enter-  Feedback Eco-innovation

prise
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Fig. 4 The heat map for co-word
analysis

Cluster 4 focuses on consumers’ behaviors in the field of
SDfUs, which is in line with the results of cluster 4 from co-
citation analysis. We label this cluster as a sustainable design
considering consumers’ behaviors. “Consumer behaviors”
and “behavioral research” are critical to SDfUs, highlighting
understanding of consumers’ intention, perception of prod-
ucts. Articles in this cluster mainly conduct survey-based or
experiment-based empirical studies. Another finding from this
cluster is that keywords related to practical applications of
sustainable design such as “planning,” “design strategy,”
and “textile industry” are included. Empirical studies on un-
derstanding consumers’ consciousness, perception, and be-
haviors in sustainable design help firms in turning business
strategies to practices. Experiences in the textile industry have
been examined, which can be diffused to other industries.

Cluster 5 examines the field with a broader view beyond
firms, supply chains, and stakeholders. We label this cluster as
a sustainable design for broader environmental and economic
performance. For example, articles in this cluster examine

nanagem
life cycle analysis

Circular economy

china 3 rticle

Sustaina
cost analysis ]
Sustainable design

products’ environmental impact from the “life cycle” view and
explore the role in the products’ design stage. SDfUs can also
serve to the environmental performance improvement in ways of
decreasing “gas emission.” “Eco-innovation” is explored, and
new business models such as “product-service systems” have
been discussed by an increasing number of researchers. With
more data available associated with technologies, it can be ex-
pected that effective approaches and tools can be developed.

Conclusions

Sustainable design, as the fundamental approach to alleviating
environmental impact through the product life cycle, mainly
focuses on the stage of product production. With the increas-
ing awareness of sustainable consumption, studies on sustain-
able design have been extended to the stage of product use.
This study puts forward the concept of SDfUs and reveals the
trends and features of SDfUs study through a bibliometric

Table 9 Research focus areas and

Research focus area

numbers of publications for Cluster ~ No. of publications
clusters in co-citation analysis

1 77

2 45

3 27

4 81

5 42

6 4

7 56

Total 332

Theoretical, exploratory and conceptual development
Green building design
Packaging and recycling

Consumers’ perception, willingness, and behavior on the sustainable design

Products’ energy consumption, sustainable technology
Green ergonomics
Methods and tools for analyzing research questions in the field
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analysis. Totally, 447 SDfUs-related articles published during
1992 and 2019 in Scopus were selected for this analysis.
SDfUs gained limited attention before 2007, but it has become
increasingly popular in recent 10 years. The majority of influ-
ential journals that publish SDfUs studies are environmental
journals such as the Journal of Cleaner Production,
Sustainability, Resources, Conservation and Recycling, and
the Journal of Industrial Ecology. Meanwhile, three design
journals (Journal of Design Research, International Journal
of Design, and Design Journal) and one operations manage-
ment journal (International Journal of Production
Economics) also published several articles. More in-depth in-
terdisciplinary studies are needed.

Both developed countries such as the USA and the UK and
developing countries such as China have paid attention to
SDfUs, but their focuses are different. The construction industry
is the key area of SDfUs for developed countries. One typical
example is the US LEED program. Developed countries out-
source their manufacturing and even dump their wastes to devel-
oped countries, and thus, the construction industry is the key
industry that brings environmental impact, especially for energy
consumption. Sustainable design can help to significantly reduce
the energy consumption of buildings when they are used.
Differently, developing countries such as China suffer from the
high burden of wastes, and they mainly focus on the reclaimable
use of end-of-life products through sustainable design.
Meanwhile, with an understanding of associated issues from
waste treatment and disposal, China has strictly restricted the
import of used products. Thus, developed countries have also
met big challenges of waste disposal. Therefore, design for reuse,
recycling, and remanufacturing needs more in-depth research all
over the world.

Researchers realize the importance of links between sus-
tainable design and considerations of users. SDfUs-related
studies examine environmental impact during product use.
However, more studies are needed to further link sustainable
design to users’ psychological and habit aspects. Some expe-
riences in the textile industry can be diffused to other indus-
tries. Usually, users are not willing to sacrifice the traditional
advantages of products such as low prices and convenience
for use unless they understand the environmental performance
of sustainable products or have high environmental aware-
ness. Thus, in-depth studies on SDfUs are also needed based
on the understanding of users’ awareness and purchase inten-
tion for sustainable products. Moreover, user’s behaviors can
affect the environmental performance of products when they
are used. Designers need to understand users’ behaviors and
try to adapt designed sustainable products to such behaviors.

Funding information This study was funded by the National Natural
Science Foundation of China (71632007, 71810107001, 71690241) and
the Program of Shanghai Academic/Technology Research Leader
(18XD1402100).

References

Abrahamse W, Steg L, Vlek C, Rothengatter T (2005) A review of inter-
vention studies aimed at household energy conservation. J Environ
Psychol 25:273-291 http://www.sciencedirect.com/science/article/
pii/S027249440500054X

Ahmad S, Wong KY, Tseng ML, Wong WP (2018) Sustainable product
design and development: a review of tools, applications and research
prospects. Resour Conserv Recycl 132:49-61

An XY, Wu QQ (2011) Co-word analysis of the trends in stem cells field
based on subject heading weighting. Scientometrics 88:133—144.
https://doi.org/10.1007/s11192-011-0374-1

Armstrong CM, Niinimiki K, Kujala S, Karell E, Lang C (2015)
Sustainable product-service systems for clothing: exploring con-
sumer perceptions of consumption alternatives in Finland. J Clean
Prod 97:30-39 https://www.scopus.com/inward/record.uri?eid=2-
$2.0-84928758367&d0i=10.1016%2fj.jclepro.2014.01.
046&partnerID=40&md5=1752425e837c1481c24a71f0b766a075

Baumann H, Boons F, Bragd A (2002) Mapping the green product de-
velopment field: engineering, policy and business perspectives. J
Clean Prod 10:409-425 http://www.sciencedirect.com/science/
article/pii/S095965260200015X

Boons F, Montalvo C, Quist J, Wagner M (2013) Sustainable innovation,
business models and economic performance: an overview. J Clean
Prod 45:1-8 http://www.sciencedirect.com/science/article/pii/
S0959652612004209

Chai K-H, Xiao X (2012) Understanding design research: a bibliometric
analysis of Design Studies (1996-2010). Des Stud 33:24-43 http://
www.sciencedirect.com/science/article/pii/S0142694X11000524

Cobo MJ, Lopez-Herrera AG, Herrera-Viedma E, Herrera F (2011)
Science mapping software tools: review, analysis, and cooperative
study among tools. J Am Soc Inf Sci Technol 62:1382—-1402. https://
doi.org/10.1002/asi.21525

Cor E, Zwolinski P (2015) A protocol to address user behavior in the eco-
design of consumer products. J Mech Des Trans ASME 137 https://
www.scopus.com/inward/record.uri?eid=2-s2.0-
84930225638&doi=10.1115%2£1.4030048 &partner]D=40&md5=
ac37b7focd773e4abafdbb7f44d4c98

Daae J, Boks C (2015) Opportunities and challenges for addressing var-
iations in the use phase with LCA and Design for Sustainable
Behaviour. Int J Sustain Eng 8:148-162 https://www.scopus.com/
inward/record.uri?eid=2-s2.0-84930926008&doi=10.1080%
2f19397038.2015.1010630&partnerID=40&md5=
a29f1861b602c3cb8858372a25edd722

Daae JLZ, Goile F, Seljeskog M, Boks C (2016) Burning for sustainable
behaviour. J Des Res 14:42—65 https://www.scopus.com/inward/
record.uri?eid=2-s2.0-84959358800&doi=10.1504%2fJDR.2016.
074784 &partnerlD=40&mdS5 =
199¢453¢782bal 5a4119ca034e4b1b52

Ding Y, Chowdhury GG, Foo S (2001) Bibliometric cartography of in-
formation retrieval research by using co-word analysis. Inf Process
Manag 37:817-842 http://www.sciencedirect.com/science/article/
pii/S0306457300000510

Fahimnia B, Sarkis J, Davarzani H (2015) Green supply chain manage-
ment: a review and bibliometric analysis. Int J Prod Econ 162:101—
114 http://www.sciencedirect.com/science/article/pii/
S0925527315000067

Feng Y, Zhu Q, Lai K-H (2017) Corporate social responsibility for supply
chain management: a literature review and bibliometric analysis. J
Clean Prod 158:296-307 http://www.sciencedirect.com/science/
article/pii/S0959652617309435

Fernandez-Alles M, Ramos-Rodriguez A (2009) Intellectual structure of
human resources management research: a bibliometric analysis of
the journal Human Resource Management, 1985-2005. J Am Soc
Inf Sci Technol 60:161-175. https://doi.org/10.1002/asi.20947

@ Springer


https://doi.org/10.1007/s11192-011-0374-1
https://doi.org/10.1002/asi.21525
https://doi.org/10.1002/asi.21525
https://doi.org/10.1002/asi.20947

29836

Environ Sci Pollut Res (2020) 27:29824-29836

Goodman-Deane J, Langdon P, Clarkson J (2010) Key influences on the
user-centred design process. J Eng Des 21:345-373 <Go to ISI>/
WOS:000277576100015

Hart SL (1995) A Natural-Resource-Based view of the firm. Acad Manag
Rev 20:986-1014. https://doi.org/10.5465/amr.1995.9512280033

Hjerland B (2013) Citation analysis: a social and dynamic approach to
knowledge organization. Inf Process Manag 49:1313—1325 hittp://
www.sciencedirect.com/science/article/pii/S0306457313000733

Jin Gam H (2009) C2CAD: a sustainable apparel design and production
model. IntJ Cloth Sci Technol 21:166-179. https://doi.org/10.1108/
09556220910959954

Kahraman C, Cebeci U, Ruan D (2004) Multi-attribute comparison of
catering service companies using fuzzy AHP: the case of Turkey. Int
J Prod Econ 87:171-184 http://www.sciencedirect.com/science/
article/pii/S0925527303000999

Karlsson R, Luttropp C (2006) EcoDesign: what’s happening? An over-
view of the subject area of EcoDesign and of the papers in this
special issue. J Clean Prod 14:1291-1298 http://www.
sciencedirect.com/science/article/pii/S0959652605002374

Kwong CK, Bai H (2002) A fuzzy AHP approach to the determination of
importance weights of customer requirements in quality function
deployment. J Intell Manuf 13:367-377. https://doi.org/10.1023/A:
1019984626631

Lilley D (2009) Design for sustainable behaviour: strategies and percep-
tions. Des Stud 30:704-720 http://www.sciencedirect.com/science/
article/pii/S0142694X 09000301

Lockton D, Harrison D, Stanton N (2008) Making the user more efficient:
design for sustainable behaviour. Int J Sustain Eng 1:3-8 https://
www.scopus.com/inward/record.uri?eid=2-s2.0-
54949128853&doi=10.1080%219397030802131068&partner| D=
40&md5=16fc7d96b54a27f8bb4142454¢2540cf

Mehta C, Wang B (2001) Green quality function deployment III: a meth-
odology for developing environmentally conscious products. J Des
Manuf Autom 1:1-16. https://doi.org/10.1080/
15320370108500198

Nicolaisen J (2007) Citation analysis. Annu Rev Inf Sci Technol 41:609—
641. https://doi.org/10.1002/aris.2007.1440410120

Nissen U (1995) A methodology for the development of cleaner products:
the ideal-eco-product approach. J Clean Prod 3:83-87 http://www.
sciencedirect.com/science/article/pii/095965269598166 L

Ornetzeder M, Rohracher H (2006) User-led innovations and participa-
tion processes: lessons from sustainable energy technologies.
Energy Policy 34:138-150 http://www.sciencedirect.com/science/
article/pii/S0301421504002691

Raghuram S, Tuertscher P, Garud R (2009) Research note—mapping the
field of virtual work: a cocitation analysis. Inf Syst Res 21:983-999.
https://doi.org/10.1287/isre.1080.0227

Selvefors A, Knutsson J, Marx C, Rahe U (2017) Designed to support or
impede energy conservation? How design characteristics influence
people’s energy use. J Des Res 15:43-61 https://www.scopus.com/
inward/record.uri?eid=2-s2.0-85020845319&doi=10.1504%
2fJDR.2017.084504&partnerID=40&mdS5=
40d82f1ef878345b35b61b537d59124

Shi J, Zhou JJ, Zhu QH (2019) Barriers of a closed-loop cartridge
remanufacturing supply chain for urban waste recovery governance
in China. J Clean Prod 212:1544-1553 <Go to ISI>://WOS:
000457952500129

@ Springer

Shluzas LMA, Leifer LJ (2014) The insight-value-perception (iVP) mod-
el for user-centered design. Technovation 34:649—662 <Go to
ISI>://WOS:000345544400002

Small H (1973) Co-citation in the scientific literature: a new measure of
the relationship between two documents. J Am Soc Inf Sci 24:265—
269. https://doi.org/10.1002/asi.4630240406

Steg L, Vlek C (2009) Encouraging pro-environmental behaviour: an
integrative review and research agenda. J Environ Psychol 29:
309-317 http://www.sciencedirect.com/science/article/pii/
S0272494408000959

Sun X, Liu JR, Lu B, Zhang P, Zhao MN (2017) Life cycle assessment-
based selection of a sustainable lightweight automotive engine hood
design. Int J Life Cycle Assess 22:1373-1383

Tranfield D, Denyer D, Smart P (2003) Towards a methodology for
developing evidence-Informed management knowledge by means
of systematic review. Br J Manag 14:207-222 https:/www.scopus.
com/inward/record.uri?eid=2-s2.0-0141888108&doi=10.1111%
2f1467-8551.00375&partnerlD=40&md5=
d094a9d7783d1e74ce44012c444c408e

Tseng M-L, Chiu SF, Tan RR, Siriban-Manalang AB (2013) Sustainable
consumption and production for Asia: sustainability through green
design and practice. J Clean Prod 40:1-5 http:/www.sciencedirect.
com/science/article/pii/S0959652612003538

UNEP (1997) Eco-design: A Promising Approach to Sustainable
Production and Consumption

Uva AE, Fiorentino M, Manghisi VM, Boccaccio A, Debernardis S,
Gattullo M, Monno G (2019) A user-centered framework for de-
signing midair gesture interfaces. IEEE Trans Hum Mach Syst 49:
421-429 <Go to ISI>://WOS:000487061200003

Vezzoli C, Ceschin F, Diehl JC, Kohtala C (2012) Why have ‘sustainable
product-service systems’ not been widely implemented? Meeting
new design challenges to achieve societal sustainability. J Clean
Prod 35:288-290

Waage SA (2007) Re-considering product design: a practical “road-map”
for integration of sustainability issues. J Clean Prod 15:638—649
http://www.sciencedirect.com/science/article/pii/
S0959652605002581

Wang WH, Tian YH, Zhu QH, Zhong YG (2017) Barriers for household
e-waste collection in China: perspectives from formal collecting
enterprises in Liaoning Province. J Clean Prod 153:299-308 <Go
to ISI>://WO0S:000401042100026

Wever R, van Kuijk J, Boks C (2008) User-centred design for sustainable
behaviour. Int J Sustain Eng 1:9-20 https://www.scopus.com/
inward/record.uri?eid=2-52.0-54949104197&doi=10.1080%
2f19397030802166205&partnerID=40&md5=
52a1a389de7675bc5221219tbdd65546

Withanage C, Holtta-Otto K, Otto K, Wood K (2016) Design for sustain-
able use of appliances: a framework based on user behavior obser-
vations. Journal of Mechanical Design, Transactions of the ASME
138. https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84984918844&doi=10.1115%2£1.4034084&partner]D=40&md5=
63d2ea7070b3918ee8c5cbda4200tbes

Zupic 1, Cater T (2014) Bibliometric methods in management and orga-
nization. Organ Res Methods 18:429—472. https://doi.org/10.1177/
1094428114562629

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.5465/amr.1995.9512280033
https://doi.org/10.1108/09556220910959954
https://doi.org/10.1108/09556220910959954
https://doi.org/10.1023/A:1019984626631
https://doi.org/10.1023/A:1019984626631
https://doi.org/10.1080/15320370108500198
https://doi.org/10.1080/15320370108500198
https://doi.org/10.1002/aris.2007.1440410120
https://doi.org/10.1287/isre.1080.0227
https://doi.org/10.1002/asi.4630240406
https://doi.org/10.1177/1094428114562629
https://doi.org/10.1177/1094428114562629

	Sustainable design for users: a literature review and bibliometric analysis
	Abstract
	Introduction
	Data collection and research methods
	Data collection
	Research methods
	Initial statistics of bibliometric analysis
	Network analysis


	Results of initial statistics and discussion
	Descriptive analysis of collected articles
	Authors influence and affiliations statistics
	Keywords and citations statistics

	Results of network analysis and discussion
	Co-citation analysis
	Co-word analysis


	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	This link is 10.1007/s11356-09283-,",
	Conclusions
	References




