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In an economic paradigm where companies think that more is better and resources
are considered infinite, waste, pollution, and environmental degradation are often the
result. This can, in turn, be addressed by companies focusing on offerings that are both
effective and resource efficient. However, this type of offerings can be more uncertain and
complex due to multiple factors such as multiple actors and conflicting objectives taking
place at once. Dedicated design support for the relatively new offerings will be helpful
for designers in industry. Large and small companies could benefit from the dedicated
design support to successfully realize these types of offerings. However, the type of
support they might need is not clear. Differences and similarities among large and small
companies could guide researchers in providing more reliable support. Therefore, the
aim of this research is to present differences and similarities of design support needs
among large companies and small and medium enterprises. This is carried out through
semi-structured interviews and follow-up meetings. The results show that differences
include a formal product realization process for large companies and an informal or no
process for smaller ones. Similarities point at design support for better communication
and management of their offerings with regard to lead time as well as lifecycle and
strategic thinking for decision making. The conclusions highlight the importance for
researchers to provide design support that purposefully addresses specific needs.

Keywords: design, effectiveness, efficiency, method, practice, process, support, tool

INTRODUCTION

It used to be accepted that a product could be defined as “something tangible” and a service as
something “intangible” (see Hill, 1999). This earlier understanding of product vs. service has much
evolved, and today it is more common to see a continuum between products and services or rather a
bundle of them (Baines et al., 2007). Regarding this newer understanding, Spring and Araujo (2009)
discuss the term offering and suggest that this term allows for a flexible combination of product,
services and value to customers who co-produce parts of that offering (see also Matschewsky et al.,
2018). This notion allows for a more encompassing concept with which companies can provide and
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gain value from offering products, services or systems with
customer involvement (Isaksson et al., 2009). Offerings that
are both effective and resource efficient can be described as
those that are successful in addressing customers or users’ needs
satisfactorily (see a discussion in Tukker, 2015) and that use
natural resources efficiently, which is often operationalized by
the ratio of economic value divided by environmental impact
(Huppes and Ishikawa, 2005).

However, offerings that are both effective and resource
efficient can be more uncertain and complex! (Pieroni et al.,
2021) since the knowledge needed to realize them requires new
elements from traditional design (Brambila-Macias and Sakao,
2021) and could be spread across multiple disciplines (Sakao
and Brambila-Macias, 2018). Moreover, more actors could be
involved, for example, to close material flows (see Coenen
et al., 2018), and collaboration with unusual partners, even
competitors, could be required (Brambila-Macias et al., 2018).
These characteristics are clearly essential for a circular system
that is increasingly demanded by our societies (van Hemel and
Cramer, 2002; Sato and Nakata, 2020; Boldoczki et al., 2021)2.
Realizing these new offerings is primarily carried out by design,
similarly with conventional products. Design in industry is often
aided by design support to improve the quality, lead time, etc. and
therefore design support has been an important target of design
research (Blessing and Chakrabarti, 2009). However, few have
looked into the differences and similarities of the design support
used for these offerings in different companies, in particular, in
terms of the sizes; see, for example, Deutz et al. (2013). This lack
of closer investigation of the design support usage in practice
may be one of the reasons for the low uptake of academic design
support in industry (Tomiyama et al., 2009).

Apart from the differences in size (e.g., SMEs with <250
employees), the literature points out that SMEs are limited
with regard to their technical and financial resources (Prieto-
Sandoval et al., 2019), competences (e.g., skills and knowledge)
and capabilities (e.g., unable to identify customer needs) (de
Jesus Pacheco et al., 2019). Based on these inherent differences, a
common understanding seems to be available in that SMEs need
tools designed specifically for their organizational needs and that
those tools differ from those for large companies, as argued in,
for example, Moultrie et al. (2007). The literature, however, also
points out some similarities among large and smaller companies,
including environmental innovations as a source to competitive
advantage (Forsman, 2013) and looking for certifications to
comply with environmental regulations (Borsatto and Amui,
2019). The conclusion is that the community working on® or
design for sustainability (DfS) lacks the knowledge of how useful
design support differs between large companies and SMEs.

!Complexity is understood here as the state of having many parts and being
difficult to understand or find an answer to, and uncertainty as a situation in which
something is not known or something that is not known for certain (Cambridge
Dictionary, 2020).

2The European Commission (2015a) suggests that SMEs are those with <250
employees not exceeding EUR 50 million in annual turnover or an annual balance
sheet not exceeding EUR 43 million.

3In this article, the word ecodesign is capitalized when referring to the area in the
literature. When referring to ecodesign as a design activity, it is not capitalized.

Hence, a better understanding of the differences and
similarities of support needs between large companies and SMEs
can contribute to realizing these new offerings successfully. For
example, SMEs could also be suppliers to larger companies,
and a common understanding of their design support needs
could increase their successful involvement in the final offering
(Silva and Moreira, 2021). Differences and similarities among
larger and smaller companies could provide insights to guide
researchers and practitioners to implement reliable support and
increase the chances of companies providing successful offerings.
In this respect, the aim of this research is to present differences
and similarities of design support needs among large companies
and small and medium enterprises. The following research
question guides this research: What are the differences and
similarities of the design support needs between large and small
to medium-sized manufacturing enterprises to realize effective
and resource-efficient offerings?

The next sections of this paper include relevant earlier
research on support for efficient and resource-effective offerings
(section Design Support for Realizing Effective and Resource-
Efficient Offerings), the methodology used for this research
(section Methodology) and the results showing differences and
similarities among companies (section Results and Analysis).
The analysis and discussion in section Discussion compare the
findings with previous literature. Finally, section Limitations
of the Study provides limitations to the study and section
Conclusions and Further Research the conclusions and
further research.

DESIGN SUPPORT FOR REALIZING
EFFECTIVE AND RESOURCE-EFFICIENT
OFFERINGS

Earlier Research on Design Support

Design support is a term that includes, for example, strategies,
methodologies, procedures, methods, techniques, software tools,
guidelines and information sources (Blessing and Chakrabarti,
2009). Design support has often focused on providing methods
and tools (Wallace and Burgess, 1995). A method can be
described as a systematic procedure to reach a specific goal
(Pahl and Beitz, 1996) or as a goal-oriented rationalization or
simplification of engineering work in the form of a standardized
work description (see Andreasen et al.,, 2015). A tool can be
described as an implement that facilitates the use of a method
(Norell, 1996) or an instrument that enables the performance of
a certain task (Lutters, 2014).

The literature offers different ways in which design support
for effective and resource-efficient offerings can be categorized.
For instance, Baumann et al. (2002) reviewed more than
150 support tools in environmental product development and
divided them into frameworks, checklists and guidelines, rating
and ranking tools, analytical tools, software and expert systems
and organizing tools. Bovea and Pérez-Belis (2012) provided
a taxonomy of support in three large categories, namely (1)
methods for evaluating the environmental impact, (2) tools
for integrating environmental aspects into the design process,
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for example, quality function deployment for the environment
(QFDE), and lifecycle assessment (LCA), and (3) methods for
integrating environmental and other requirements, for instance,
the design matrix, and failure mode effect analysis (FMEA).
More general design support is available; for instance, multi-
criteria decision making (MCDM) (Zavadskas et al., 2014).
Schoggl et al. (2017) categorized support for sustainable product
development into qualitative, for example, 10 golden rules; semi-
qualitative, for example, ecodesign checklist; and quantitative,
for example, streamlined and full LCA. More specifically,
ecodesign support has shown to be highly influential on the
environmental performances of the products and the firms
because design logically determines the performances of the
products throughout their lifecycles. As statistical evidence, Seth
et al. (2018) applied interpretive structural modeling (ISM)
methodology to data from companies in India to show that
ecodesign is a driver for environmental performances to a high
degree with a difference not shown between large companies and
SMEs. Design activity in industrial settings benefits from using
suitable design support.

Design Support for Large Companies and
SMEs to Realize Effective and
Resource-Efficient Offerings

According to the European Commission (2021), in the year
2020, SMEs accounted for 99.8% of all enterprises, 65.2% of the
total employment and 53% of the value-added to the European
economy. Similarly, in the year 2018 in Sweden, SMEs accounted
for 99.9% of all enterprises, with 65% of total employment and
contributed 40% of the value-added to the Swedish economy
(Tillvixtverket, 2021). Additionally, several authors suggest that
SMEs account for ~60-70% of harmful emissions on the global
scale (Parker et al., 2009; Quintds et al., 2018). A survey within a
campaign for electrical and electronics SMEs in Europe in 2005
reported that the application of ecodesign tools and methods
by SMEs is limited (Schischke et al., 2006), and more recently,
the European Commission (2021) reported that SMEs have
stalled in their progress to a green transition in part due to
the lack of support measures in place for SMEs to comply
with environmental regulations. This means that a great degree
of attention needs to be paid to SMEs to help the entire
manufacturing industry move toward global sustainability. An
example of how SMEs benefit from improved environmental
performance is presented by Hussey and Eagan (2007), which,
based on a survey with 458 small manufacturers in the USA,
found that total quality management contributes to pollution
reduction and environmental management systems improve
environmental performance.

However, how SMEs in comparison to large ones could be
better aided for designing the new type of offerings explained in
section Introduction is unclear in the literature. Literature that
addresses support for effective and resource-efficient offerings
in SMEs often describes barriers and drivers to engage in, for
example, ecodesign initiatives (van Hemel and Cramer, 2002) or
advantages and disadvantages of eco-efficiency (Fernandez-Viné
et al,, 2010). Le Pochat et al. (2007) suggest that lack of expertise

is often a barrier to integrate environmental aspects in SMEs,
more recently also stated by Kasiri et al. (2020). Moreover, it is
common to see large companies and SMEs as presenting opposite
characteristics, hence needing a different type of support. For
example, Nicholas et al. (2011) suggested that large companies
tend to be more hierarchical and have limited top management
visibility. Large companies often have better access to human
and financial resources as well as higher resistance to change
and less encouragement for individual creativeness. In contrast,
SMEs are often characterized by a flatter structure, high top
management visibility and limited access to human and financial
resources (Nicholas et al., 2011). SMEs can also be more flexible,
present negligible resistance to change and have higher degrees of
individual creativeness. Some of these characteristics are reflected
in the study by Short et al. (2012) when comparing Swedish and
UK companies. The authors further suggest that the larger the
company, the more likely it is to adopt sustainability through, for
example, Ecodesign or DfS in its realization process. The authors
conclude that large companies use formal design processes, while
SMEs rely on an informal process or no process at all. The use
of a formal design process in large companies was also found
by Deutz et al. (2013), who, through a questionnaire survey,
concluded that large companies tend to use more of a full design
process compared to SMEs. Finally, Poulikidou et al. (2014)
suggested that successful integration of methods and tools in
the realization process will depend on providing the necessary
education in, for example, environmental requirements and
competence in the use of tools, among other measures, to
increase employee participation in their offerings.

METHODOLOGY

In this research, the semi-structured interview (see the guiding
questions in Appendix A) with multiple case companies was the
method selected. Semi-structured interviews allowed participants
to discuss the general realization process of their offerings as
well as other relevant aspects, such as actors involved and
design support used and further needed. The explorative method
fits well the aim and the research question (stated in section
Introduction) that address the new type of offerings in industry,
as well as the lack of much research performed with the aim
(explained in section Design Support for Realizing Effective
and Resource-Efficient Offerings). The semi-structured interview
is a popular data collection method due to its flexibility and
versatility (Kallio et al., 2016). Advantages of this method are
that it allows reciprocity between the interviewer and interviewee
and enables the interviewer to improvise follow-up questions
when necessary (Galletta, 2013). Disadvantages include the
challenge of listening and taking notes at the same time, the
needed preparation before and after the interviews for planning
questions and transcriptions (Opdenakker, 2006). To overcome
the disadvantages, two researchers were present during the
interviews, one asking questions and follow-ups and the other
taking notes, observing, making sure all questions were asked and
tracking the time.
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TABLE 1 | Participating companies and relevant job positions of practitioners.

Company Industry sector #Employees #Interviews #Participants in Job positions (#interviewees)

(size) follow up meeting

A (large) Health care products 250-500 3 2 Product design (2), Service design (1)

B (large) Heavy duty and off-road vehicles >500 5 2 Product design (4), Service design (1)

C (large) Transportation >500 4 1 Product design (3), Service design (1)

D (SME) Floor grinding and cleaning 31-90 5 2 Product design (2), Service design (3)

E (SME) Electronics 31-90 2 1 Product design (1), Service design (1)

F (SME) Sustainable materials for the <30 3 1 Product and service design (1), Product
construction and paper mill industries design (2)

G (SME) Surface cleaning <30 1 1 Service design (1)

H (SME) Sales and installation services of <50 1 1 Service design (1)

engineering equipment

Note: the symbol # means “the number of”.

A pilot interview was carried out before the interviews with
practitioners to verify that the questions were clear and relevant.
The pilot study was conducted with a product development
engineer with 7 years of experience in manufacturing. During
the pilot study, it was noticed that some wording, structure and
concepts used in the interview may need further clarification.
Hence, the interview structure and specific topics of interest were
sent to all interviewees ahead of the interview (see Appendix B
in the Supplementary Material). Furthermore, definitions for
some concepts were used during interviews when necessary (see
Appendix B).

The semi-structured interviews were later carried out in mid-
2015 with three large companies and five SMEs in Swedish
with a total of 24 practitioners (see Table1). Additionally,
one follow-up meeting with each company was carried out in
early 2016 to validate the interviews and add any additional
information (see Table 1) The companies, all located in Sweden,
were selected based on their interest to provide more effective
and resource-efficient offerings. The interview participants were
chosen based on their involvement in producing or delivering
the offering and categorized into either product or service
design. Interviews ranged from 54 to 112min and were all
sound recorded. Video recording was used in interviews when
permission was granted to capture any drawings made on
paper and corresponding explanations. The semi-structured
interviews were used to first identify how the early stages
of the realization of its offerings worked at each company,
an “as-is state, and second to gather information on how
it could be improved, a “to-be state.” The questions during
the semi-structured interviews covered (1) the early stages of
the realization process, (2) the actors involved early in the
process, and (3) the support used and further needed in this
process. A summary report of the interviews can be found
in the authors’ project report, Brambila-Macias et al. (2017).
Additionally, in follow-up meetings in early 2016, participants
had the opportunity to add information regarding their design
support needs, which were documented in meeting minutes also
confirmed by all participants. Table 1 below shows the type of
companies that participated in the semi-structured interviews
and their industry sectors.

The analysis of the semi-structured interviews consisted of
gathering the data into a spreadsheet and dividing it into
early realization process, relevant actors, current design support
used and further design support needed (see Appendix B).
This was later compared to reports and meeting minutes from
follow-up meetings. The comparison between the data analysis
in the spreadsheet and the reports and minutes from the
semi-structured interviews (validated by interviewees) aimed
at enhancing the quality of the data and add further relevant
information. Coding and theme categorization were used to
group the data in a meaningful manner and whether the
answers were part of the early realization process, the actors
involved, the current design support used and further needs (see
Appendices C-E).

RESULTS AND ANALYSIS

The semi-structured interviews and meeting minutes from the
follow-up meetings provided the necessary information as results
for analysis to obtain a clear view of (1) the early stages of the
realization process, (2) the actors involved early in the process,
and (3) the design support used and further needed by the
participating companies.

Early Stages of the Realization Process
Companies were classified as large or SME according to the
European Commission (2015b) definition. Table 2 shows that
larger companies (A to D) have a well-defined design process
with formal stages, which is often not the case for smaller
companies (E to H). Company D, although classified as an
SME had a well-developed design process. The circumstances
in which companies operate are also important to mention as
they impact the design output and hence possible major changes.
These circumstances are that companies in full control of their
conceptual design output were B, C, D, and F. Companies that
were either subsidiaries or dependent on external actors for their
conceptual design output were A, E, G, and H.
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TABLE 2 | Company size and early realization process.

Company size

Early realization process

A (large) Project management process with checkpoints
B (large) Stage gate and V model

C (large) Stage gate and V model

D (SME) Stage gate process

E (SME) No formal product development process

F (SME) Semi-formal process

G (SME) No formal product development process

H (SME) No formal product development process

TABLE 3 | Actors involved in the early realization process (as-is and to-be).

Company Actors involved (as-is)

Actors involved (to-be)

size

A (large) Project leader, units chiefs from More involvement from
development, quality, production — marketing and customers
and customers, and users

B (large) Suppliers, project leaders, More involvement from suppliers,
designers, steering group, environmental expert for specific
feature leader, purchasing, and tasks, and customers
other experts (e.g., materials and
energy)

C (large) R&D, project leaders, More involvement from
requirement specialists, feature marketing, economy, and quality
leaders, and other experts (e.g.,  departments
feasibility studies)

D (SME) R&D, product board, marketing, =~ More involvement from
service, team leader, designers, marketing, sales, customers,
and steering group and specific role for customer

specifications

E (SME) Steering group, CEO (owner), Suppliers, customers, and IT
and chief of the different
departments (e.g., logistics and
operations)

F (SME) Actors involved depend on the In-house designer and expert
project. Project leader, CEO, with holistic thinking
architect, suppliers, customers,
and sales personnel

G (SME) CEO, Project coordinator, sales,  Expand customer base*
administrator, and customers

H (SME) CEO, project leader, sales, and Expand customer base*

administrative support

*Companies G and H have close contact with customers but wish to expand their
customer base.

Actors Involved Early in Realization
Process

The actors involved in the current (as-is) and desired (to-
be) realization process are summarized in Table 3. Note that
according to interviews from companies G and H categorized
as SMEs, close relationships with suppliers and customers were
already established, and the companies rather wanted to expand
their customer base willing to pay for a premium offering that is
more effective and resource efficient (see Table 3).

Design Support Used and Further Needed
The support used by both large companies and SMEs is provided
in Appendix D. This support ranges from well-known methods
in the literature, such as QFD and FMEA, to pulse meetings used
in the management of their offerings. Differences and similarities
between large companies and SMEs were analyzed by the authors
and depicted by Figure 1 (see the full coding scheme used in the
analysis in Appendix E).

DISCUSSION

Design support needs were obtained by thematic analysis
(see Figure 1). The four themes found for differences include
customer and supplier relationships, product and service
development, job responsibilities, skills and knowledge and the
theme of risks and uncertainties. The themes for similarities
were three: lead time and management of their projects,
communication and actors, and lifecycle and strategic thinking.

Differences Among Large Companies and
SMEs

Customer and Supplier Relationships

SME:s in this research showed that they rely on closer relations
with customers and suppliers to build trust and seem more
flexible to adapt to customers’ needs. For example, SMEs G and
H emphasized that trust is needed for customers to understand
the benefits of a premium offering specifically adapted to the
customer, and they have close relationships with their customers
and suppliers. An interviewee from SME G suggested that one
must always be present in place to know if the customers have
a need and mentioned that gatherings with stakeholders, for
example, suppliers, for informal social events are common.
Interviewee from SME H was interested in knowing more
specifically how their offering benefits their customers’ internal
operations regarding costs. In contrast, large companies tend
to emphasize clearer requirements specifications (see Table 3).
This is in line with previous research suggesting that smaller
firms have a different customer and purchasing behavior than
larger ones. Morrissey and Pittaway (2006) and Ferndndez-Viné
et al. (2010) have previously highlighted the role of trust for
SMEs when seeking to create effective customer and supplier
relationships. In contrast, larger companies are governed by
formal arrangements with regard to, for example, contracts and
credit terms (Morrissey and Pittaway, 2006; Fernandez-Vifié
et al., 2010).

Product and Service Development

Another difference corroborates the results obtained by
Schischke et al. (2006), Short et al. (2012), and Deutz et al.
(2013) that point at larger companies having a formal product
design process for the early offering realization, while SMEs
tend to be informal or have no process at all. An interviewee
from SME D suggested that the requirements specifications are
not that detailed adding that There is no template for how we
should work. SME H said something similar in that there is
no declared process. Also, this is in line with a proposal for a
general framework, based on collaboration with 16 Colombian
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*Codes Companies Categories
| Codes | Company

customer/user
| value for customers carlier

| customers involvement

customer involvement

Themes

Similarities (S) and Differences (D)

(s)

*see full list of coding scheme in Appendix E

FIGURE 1 | Coding tree showing the analysis of the resullts.

Communic
Codes | Company uio:t and
involve suppliers |8 : actors
support to select the right | B i
| material
(D)
| Codes | Company Customer
communicate specifications | A end
more meetings |8 5 relationshign
match between need and C
factual specification (0)
better communication with | D
| purchasing N
documentation F > ":‘_":'"
certifications H deveicpment
 Codes | company
to do specifications earlier A
timeline in advance C Shorten
timeline E time
faster working G
Codes Company
project participants and A Process
methods > \
organized structure not c A m e
implemented today P e oa'm';eme:
simplify project E roject - pro}
development
better planning G
(s)
Codes Company
look up for patents A 0b responmitlities,
Skills o] s snd knowtedge
an actor/role to work with B / v
environmental parameters
after sales work with ener, D Oecls //
efficiency * Roles id ing/Str
— - mak ategy
in house designer F
(0)
) . )
Codes Company Knowledge > Lifecycle
resource efficiency in life A
_cycle N

SMEs for sustainable product-service systems in a leather
manufacturing industry, rather than a rigid one, readymade
procedure or tool (Hernandez-Pardo et al., 2013). For instance,

a comment from a staff member in an SME regarding FMEA
was that it takes too much time and makes no difference. In
contrast, large companies have a wider range of support used
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than SMEs. This could be the case since little to no training
is given in SMEs, reflected in the often-encountered barrier of
lack of knowledge and skills (Kasiri et al., 2020). The support
used in large companies covers a wider range, while support in
SMEs seems to have more limited use of design support (see
Appendix C).

Furthermore, it is worth noting that one relevant factor
resulting in the difference in the development processes between
SMEs and large ones is that of the complexity of the offering
that the focal firm contributes to; a large company tends to
need a large organization because of the higher complexity of its
own offering, while a small one tends to be highly specialized.
Note that the contribution of a firm differs from involvement;
many small firms are involved in highly complex offerings (e.g.,
a part of a gas turbine may be manufactured by a small supplier).
Therefore, offerings by large companies tend to involve multiple
domains, and their designers tend to specialize in areas such
as mechanics, software, service and systems. In this type of
setting, coordination, cooperation, and collaboration are more
relevant, requiring pre-defined procedures; Gericke et al. (2016)
stated that ease in understanding across the areas is required in
general product development processes. This is reflected upon
the tools used: Gericke et al. (2016) showed, after interviewing
seven SMEs (design studios and consultancies) and four large
engineering companies, that smaller companies use common
methods applicable to smaller groups such as user interviews,
videos and personas, while larger ones tend to use more advanced
or specialized methods such as lifecycle assessment, TRIZ,
and FMEA.

Job Responsibilities, Skills, and Knowledge

Staff in SMEs are fewer, and employees will carry tasks in
different functions as opposed to large companies, where more
well-defined responsibilities are in place. In large companies
B and C, several experts are involved in the offering, whereas
in smaller companies, one employee can be responsible for
various tasks (e.g., CEOs and owners of companies are involved
in daily operations, owner-manager). For instance, in SME
G, one staff member works as sales support, administrator,
and in finance, a key staff member, it was suggested. This
was similar for SME F, where one person had varying tasks
from functioning as the link between sales and administrative
tasks to production calculations and contacting subcontractors.
In SMEs E to H, CEOs and owners are involved in their
companies’ daily operations, which is not the case for
large companies.

Moreover, SMEs lack knowledge on how to address
environmental aspects with, for example, LCAs, whereas large
companies have access to experts. These findings also corroborate
previous research (see de Jesus Pacheco et al., 2019) pointing out
that SMEs face competency barriers. The need for staff training is
an important issue not only for SMEs, as stated by many papers
including Knight and Jenkins (2009), but it ought to be extra
important for SMEs lacking resources in general compared with
large companies.

Risks and Uncertainties

Risks and uncertainties are addressed more formally in large
companies with, for example, FMEA and environmental impact
description for projects (see Appendix C), whereas smaller ones
tend to be more informal or even go for intuition or gut feeling.
For instance, in Company B, a steering committee exists where
uncertainties can be lifted and discussed, and risk analysis is
systematically carried out to identify possible risks early in the
projects. In company C there is on-going planning of future
scenarios, 10-15 years ahead. In contrast, SME F suggested that
some risk analysis is performed but that it is not done in a
systematic manner. SME H suggested that risk identification is
carried out by technicians when visiting a customer but that there
is no method to analyze or evaluate their offerings and that rather
risks and uncertainties are based on discussions with customers
and what they want to have as a service. SMEs G and H also
pointed out that it is difficult for them to provide any service
guarantees to their customers as the circumstances of their
services vary in each project. The lack of formal management of
risks and uncertainties in SMEs has been previously researched.
For example, Henschel (2006) stated that risk management
in German SMEs was rather “rudimentary” and that the link
between risk management and business planning in most SMEs
was not well-developed. This more intuitive type of problem
solving is also found by Giroux (2009) when researching in
Canadian SME:s. It is also worth noting that smaller companies
do not make use of as many methods or tools for the analysis
and evaluation of their offerings as larger companies do (see
Appendix C), and not having in place a more formal design
or project process could contribute to difficulty in identifying
sources of uncertainties and risks as well as their management
resulting in a serious threat to their survival (Marcelino-Sadaba
et al., 2014). Note that successful application of an extended
FMEA method in the context of a circular system was reported
through collaboration with an SME by Kimita et al. (2021).

Similarities Among Large Companies and
SMEs

Lead Time and Management of Their Projects

Both large and small companies mentioned that lead time is an
important constraint and that clear goals are needed to realize
their offerings. This could be explained by the fact that the
practitioners interviewed work in a project format. A project
is temporary; it has a defined beginning and end, with defined
scope and resources. A project is also unique; it is not a routine
operation, but a specific set of activities performed to accomplish
a goal (PMI, 2000; Turner and Miiller, 2003). This observation
could support a conclusion obtained by collaboration with a
manufacturer in the UK (Knight and Jenkins, 2009), where it
was stated that design support ease of use and limited resource
(i.e., staff time) are highly interesting to practitioners irrespective
of the firm size, as there are other pressures during the design
process. Knight and Jenkins (2009) even stated that addressing
other pressures in a given setting may be the greatest obstacle. An
important similarity is then found in the need for management
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skills for the companies’ projects to improve lead time. This
implies knowing which actors, when and why should be included
in the project.

Communication and Multiple Actors

Communication was a recurring theme for both types of
companies for internal and external purposes. For example,
Company A and C had needs for better communicating customer
requirements inside the company and SME F was interested in
implementing GRI standards to better report the environmental
benefits of its offerings as a way of branding to its customers.
Better communication included aspects such as the need for
better documentation of product specifications e.g., Company
B, or implementing digitalization i.e., SMEs E, G, and H.
Research in design communication has looked at internal and
external communication as well as the use of technology (see
Eckert et al., 2005), pointing out that causes of communication
breakdown can be attributed to, for example, the difficulty
for an individual designer to fully understand a complex
product/service, designers not being told what they need to
know or the producer of information not knowing what the
needs of the recipient are, which could result in delays (Alink
et al., 2011) or even mistakes (Gericke et al., 2016). Hence,
communication support seems imperative. Moreover, both types
of companies make use of standards, for example, ISO 14001
and need to communicate their environmental sustainability to
different stakeholders.

Another similarity is found in the various actors involved
in the early realization process. These are not only engineer
designers but also project managers, buyers, and, when possible,
even suppliers. It also shows that decision-makers (often non-
engineer designers) have a strong influence on the final offering.
The literature relevant to more complex product/services points
at a wide range of actors involved in the offering, which
means different areas of knowledge and expertise (see da
Costa Fernandes et al., 2019), which could, in turn, cause
communication breakdown as different understandings of the
product/services could emerge. Gericke et al. (2016) report
that both small and large companies use methods such
as brainstorming, storyboarding, requirements lists, use case
modeling, mock-ups and prototyping. Such methods hint as
necessary for effective communication.

Lifecycle and Strategic Thinking

Long-term strategy, understanding the whole picture and
lifecycle thinking were terms mentioned by both large and small
companies; various ways for implementing these features are
proposed and an example of strategic product design is found
in Vanegas et al. (2018). Lifecycle thinking seems needed to
address economic vs. environmental impacts and make choices
to, for example, invest in recycling (see an example research
for recycling in Gigli et al., 2019) or remanufacturing (see
categorized measures for remanufacturing proposed by Sakao
and Sundin, 2019). A practitioner from Company B stated CO,
is no longer the only important issue ... [it is] time to look at
other environment-related challenges such as material use. SME
D mentioned that the real value lies in making the machines’

designs so that they are adapted to service so that they are easy
to service on the worn parts. Company C addressed the need for
calculation models to see the value of developing certain products
for remanufacturing and that today’s calculations do not include
environmental values. Likewise, a practitioner from SME F stated
the need to weigh costs between environmental materials and
what customers want and that environmental aspects should be
an important factor in the economic assessment of offerings. This
shows substantial knowledge also exists in SMEs: the lifecycle
perspective is spread as an important notion and might be an
indication of the advancement in industry compared with one or
two decades ago (Schischke et al., 2006).

Moreover, the analysis of interviews also showed that strategic
thinking is needed to prioritize requirements and decide on the
most importance aspects of an effective and resource-efficient
offering. A practitioner from an SME wished for a requirement
specification at a high strategic level. It is worth noting is that in
both types of companies, decisions are made in board meetings or
steering groups where project continuation, the scale of a project
or offering niche are decided. These decisions are mainly based
on the profitability of the offering, hence a need for more strategic
thinking that includes environmental aspects to prioritize the
most relevant ones. However, neither large companies nor SMEs
seem to apply MCDM methods as reported in the literature
which points at an opportunity to apply these methods to address
companies needs.

Differences Between Large Companies
and SMEs From Other Subjects

This section aims to explore the inherent characteristics of
SMEs that may cause the differences observed in this research
field (described in section Differences Among Large Companies
and SMEs) by taking advantage of the differences found in
other scientific subjects. A large number of publications address
the differences in other subjects, for instance, entrepreneurship
and business management. In the subject of entrepreneurship,
Birley and Norburn (1985) summarized SMEs" characteristics
as (1) control, (2) reporting systems, (3) size and complexity,
(4) experimentation, and (5) time scales. What is relevant to
Ecodesign is the first three items. Birley and Norburn (1985) use
the metaphor of a tanker captain (manager of a large company)
vs. a yacht sailor (the owner of an SME): “The tanker captain
relies on his instruments, the sailor on his contact with the
elements” (p. 86), meaning the difference in terms of the size
and complexity is implicative also to Ecodesign. This coincides
with a perception that in SMEs, the management is more
centralized, and a person plays multiple roles simultaneously
(Giroux, 2009). In large companies, a tendency is that managers
on multiple levels are relied on by the management and given
individual freedom. On the other hand, this freedom could be
understood as combined with heavier reporting systems. This
way, their characterization of SMEs could be factors toward such
differences observed as the development processes as well as skills
and knowledge.

In the realm of innovation, Wagner and Hansen (2005)
studied the role of innovation in large vs. small companies with
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the US wood products industry through 43 interviews with top
executives. They found that the firm size impacts the innovation
type pursued by companies; large companies clearly outrun
smaller ones in process innovation, while small ones level the
field with larger ones when considering all three innovation
types (process, product, and business systems). For instance,
large wood products companies invest intensively in cutting-
edge facilities to keep up with process innovation. Their analysis
regarding the emphasis by large companies on the process
innovation could be a source of the more developed ecodesign
process of large ones. Giroux (2009), in the subject of small
business management, performed an interpretive study of 11
small firms in Canada about general problem-solving processes.
The authors showed an intuitive, improvised and non-linear
nature of how problems are actually solved in small firms, in
contrast with well-defined and delineated steps in the problem-
solving process. Many elements of design activities are a kind of
problem-solving (see Simon, 1996). This also supports that the
phenomena that defined ecodesign processes are barely observed
within SMEs.

Regarding closer fields of study, Beheshti and Lollar (2003)
state that the focus of the scientific literature in quality
management has been on large organizations. Mendes and
Lourengo (2014) point out a shared perception that smaller
firms did not have the resources necessary to implement
complex quality programs effectively. They then identified factors
that hinder quality improvement programs’ implementation in
SMEs through 95 responses from Portuguese companies on a
questionnaire regarding top management’s education/training
level and priorities, costs and actual performance, lack of support
from external agents, human resources’ overload, aversion to
change, lack of resources, and culture and training. This list
shows a variety of hindrances, and some of them are common
to ecodesign, especially relating to resource limitation and
training issues.

Keeping in mind that the research question of this paper
concerns the differences and similarities of the support needs
between large and small to medium-sized manufacturing
enterprises to realize effective and resource-efficient offerings,
investigating the factors to the differences is beyond the paper’s
aim. Nonetheless, some of the differences obtained from this
research are found to be related to those found in other subjects.
This topic requires further research, and the authors invite the
readers to carry out research on it.

Managerial Implications

Section Discussion thus far discussed theoretical contributions
of the results and analysis from this research onto earlier
scientific publications. Several managerial implications are
present: A company is recommended to choose design support
to be implemented depending on their own practices for, e.g.,
communication, internal management, and customer/supplier
relationship management, which are considered influenced by
their size. More specifically speaking, a design support that has
shown effective in a large company may not provide the same
effect in an SME, and vice versa, because of different ways
of practice. When a company develops a design support with

academia, they are recommended to give requirements on the
support based on their own practices.

LIMITATIONS OF THE STUDY

This research had several limitations. The first is the number of
companies contacted and staff interviewed, three large companies
and five SMEs, with a total of 24 interviews carried out. This
is a small sample of how both large and small companies
develop their offerings; research that includes a larger sample
could provide more conclusive evidence of the differences and
similarities of these types of companies. The second limitation
is that of the Swedish context. All companies interviewed
are located in Sweden, and although an effort was made to
compare the findings of this research with other literature
in other contexts, a comparative study could provide more
accurate results. Lastly, the qualitative nature of this research
limits the findings to the interviewees’ personal experiences and
interpretations of the realization process of their offerings.

CONCLUSIONS AND FURTHER
RESEARCH

It is common to see large companies and SMEs presenting
opposite characteristics, possibly needing a different type of
support. However, this paper shows that there are also several
similarities in their needs, for example, lead time, communication
and lifecycle thinking. The research question that guided this
research was stated as follows: What are the differences and
similarities of the design support needs between large and small
and medium-sized manufacturing enterprises? The answer to
the research question is that differences corroborate previous
research, which showed that larger companies tend to have a
formal product design process as shown in previous literature,
while SMEs have a less formal process or none. Staff in SMEs have
multiple responsibilities, and the business owners and CEOs are
active in the daily business operations, which is not the case in
larger companies. Similarities include making use of standards
and a need to communicate their environmental sustainability
to different stakeholders. However, in both types of companies,
environmental aspects do not seem to be demanded by
customers but rather by legislation. These findings are the main
contribution to the existing body of knowledge; see an example in
Seth et al. (2018). The discussion in section Differences Between
Large Companies and SMEs From Other Subjects aiming to
compare the findings with those from other subjects is one of
the first of its kind, and therefore it is also the contribution
of this paper. The answer to the research question is that
differences corroborate previous research, which showed that
larger companies tend to have a formal product design process
as shown in previous literature, while SMEs have a less formal
process or none. Staft in SMEs have multiple responsibilities, and
the business owners and CEOs are active in the daily business
operations, which is not the case in larger companies. Similarities
include making use of standards and a need to communicate their
environmental sustainability to different stakeholders. However,
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in both types of companies, environmental aspects do not seem
to be demanded by customers but rather by legislation. These
findings are the main contribution to the existing body of
knowledge; see an example in Seth et al. (2018). The discussion
in section Differences Between Large Companies and SMEs From
Other Subjects aiming to compare the findings with those from
other subjects is one of the first of its kind, and therefore it is also
the contribution of this paper.

Further research could take the findings from this paper and
purposefully address practitioners’ needs, for example, support in
the form of methods or tools that provide better communication
among actors about the lifecycle of their products and services.
Further research could also look at differences among large
companies and SMEs in other countries as the research presented
here only covered the Swedish context. Another important aspect
is that researchers could also look at the domain knowledge and
skills of the users of the support (see Brambila-Macias and Sakao,
2021) to find a better match between the user of the support and
the support itself.
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