
 
 

Delft University of Technology

How to Weigh Values in Value Sensitive Design
A Best Worst Method Approach for the Case of Smart Metering
van de Kaa, Geerten; Rezaei, Jafar; Taebi, Behnam; van de Poel, Ibo; Kizhakenath, Abhilash

DOI
10.1007/s11948-019-00105-3
Publication date
2019
Document Version
Final published version
Published in
Science and Engineering Ethics

Citation (APA)
van de Kaa, G., Rezaei, J., Taebi, B., van de Poel, I., & Kizhakenath, A. (2019). How to Weigh Values in
Value Sensitive Design: A Best Worst Method Approach for the Case of Smart Metering. Science and
Engineering Ethics, 26(1), 475-494. https://doi.org/10.1007/s11948-019-00105-3

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1007/s11948-019-00105-3
https://doi.org/10.1007/s11948-019-00105-3


Vol.:(0123456789)

Science and Engineering Ethics
https://doi.org/10.1007/s11948-019-00105-3

1 3

ORIGINAL RESEARCH/SCHOLARSHIP 

How to Weigh Values in Value Sensitive Design: A Best 
Worst Method Approach for the Case of Smart Metering

Geerten van de Kaa1 · Jafar Rezaei1 · Behnam Taebi1 · Ibo van de Poel1 · 
Abhilash Kizhakenath2

Received: 21 March 2018 / Accepted: 3 April 2019 
© The Author(s) 2019

Abstract
Proactively including the ethical and societal issues of new technologies could have 
a positive effect on their acceptance. These issues could be captured in terms of val-
ues. In the literature, the values stakeholders deem important for the development of 
technology have often been identified. However, the relative ranking of these values 
in relation to each other have not been studied often. The best worst method is pro-
posed as a possible method to determine the weights of values, hence it is used in 
an evaluative fashion. The applicability of the method is tested by applying it to the 
case of smart meters, one of the main components of the smart grid. The importance 
of values is examined for three dimensions of acceptance namely sociopolitical, 
market, and household acceptance.

Keywords Best worst method · Technology acceptance · Smart metering · Value · 
Values

Introduction

Technology development is value laden. That is, technological development and 
deployment can undermine or promote certain values (Van den Hoven 2005). Val-
ues-oriented approaches to design such as the Value Sensitive Design or the Design 
for Values approaches rest on the assumption that “explicit and transparent articula-
tion of values” is highly relevant to design and innovation and it will “allow design-
ing for shared public values” (Van den Hoven et al. 2015b, p. 3).

Value ladenness of technology is particularly intricate when it comes to com-
plex technological systems such as electrical grids, in which different technological 
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components and standards are dependent on each other (Suarez 2004; Ligtvoet et al. 
2015). An example of such a system is the smart grid system which is an improved 
version of the electrical grid. The smart meter is one of its key components. This 
paper uses smart grids as the primary example to explicate the methodology used 
in this paper, whereby the focus lies on the acceptance of smart meters as their 
key component. The interdependence of the elements of complex systems requires 
cooperative activities as well as aligning the interests and values of the stakehold-
ers belonging to the complex system’s technological and economic domains (Rosen-
kopf and Tushman 1998). However, stakeholders’ perspectives, understandings, and 
values within these domains may differ and this may result in conflicts (Ligtvoet 
et al. 2015). The smart meters’ mandatory rollout in the Netherlands is an case of 
how failing to include ethical issues (e.g. privacy) can result in societal rejection, 
which in this case ultimately postponed the smart meter’s rollout several years (Von 
Schomberg 2011; Ligtvoet et al. 2015). When complexity of the system increases, 
more stakeholders get involved requiring a better alignment of their opinions for 
society acceptance of the technology (Suarez 2004).

To better understand technology acceptance, a host of values need to be consid-
ered prior to and during the development and implementation of new technology. 
This is in line with the recent focus in the literature on responsible innovation that 
emphasizes a timely assessment and inclusion of social and ethical issues of new 
technology (Hellström 2003; Owen et al. 2013; Stilgoe et al. 2013; Van den Hoven 
et al. 2015b; Von Schomberg 2011). This paper builds on the notion that these social 
and ethical issues are best captured in values defined as “what a person or group of 
people consider important in life” (Friedman et  al. 2013). Responsible innovation 
requires the timely and adequate inclusion of these values in the development of new 
technology (Taebi et al. 2014), assuming that these values represent the main social 
and ethical considerations. A responsible innovation of smart grids requires that the 
values at stake are identified and incorporated in the design to the extent possible. In 
this paper, values are investigated in relation to the acceptance of new technologies. 
Building on previous research (Taebi 2017: 1818), a distinction is made between 
social acceptance, which refers “to the fact that a new technology is accepted or 
merely tolerated by a community”, and ethical acceptability as “a reflection on a 
new technology that takes into account the moral issues that emerge from its intro-
duction”. While acceptance and acceptability are somewhat related, discussing them 
separately allows to emphasize that they both deserve attention for the governance 
of technology. The literature tends to focus more on social acceptance whereas ethi-
cal acceptability remains underdeveloped. The values approach taken in this paper 
allows an examination of acceptability through this specific lens. This, however, 
does not imply that if a technology takes all values into account, it is automatically 
accepted in the society. This paper will investigate how including values (related to 
acceptability) could affect social acceptance.

Values Sensitive Design (VSD) and Design for Values (DfV) are two main 
approaches that aim to design the technology and its surrounding institutions for 
values. The VSD has primarily been applied to information technology and, specifi-
cally, to human computer interaction (Friedman 1997; Friedman et al. 2002; Flana-
gan et al. 2008; Friedman and Kahn 2000; Van den Hoven 2007), but the approach 
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has later been expanded to address inclusion of moral values in other technological 
domains (Brey 2014; Umbrello 2018; Umbrello and De Bellis 2018; Vermaas et al. 
2010; Van den Hoven et al. 2012). Scholars of VSD argue that the design process 
has value implications because new technology can shape our practice and hence 
undermine or promote certain values (Van den Hoven 2005). The Design for Val-
ues (DfV) approach furthers this discussion and aims to explicitly and transpar-
ently articulate values in design and innovation such that it will “allow designing for 
shared public values” (Van den Hoven et al. 2015b).

Indeed, values need to be compared and ranked, especially when non-compatible 
values point in different directions for the development of new technologies. That 
is, when one runs into value conflicts (Van de Poel 2009, p. 977). In these circum-
stances, two scenarios are possible: “(i) changing the design in such a way that it 
accommodates these conflicting values or (ii) making a value trade-off that decides 
which value should take priority in the design” (Taebi et  al. 2014). Van de Poel 
(2015a) presents several approaches for systematically dealing with conflicting val-
ues in Van de Poel (2015a). One of these methods, for instance, is the Satisficing 
approach, which involves trading off the loss of one value in terms of a gain in a 
different value—satisficing, or satisfying a threshold (sufficient) for each value, and 
trading off only the surplus value above the threshold.

More recently, scholars have presented a novel approach in which value profiles 
of groups of actors are created and subsequently translated into design requirements 
following the principles of constructive dialogue and the constant-sum approach 
(Flipse and Puylaert 2017). Other subjective methods include the Q-sort method 
(Block 1961) and the Delphi method (Linstone and Turoff 1975), which are used to 
rank values more qualitatively. Other methods elicit the weights based on the prefer-
ences of experts/users/decision-makers. These include Simple Multi-Attribute Rat-
ing Technique (SMART), Swing (Edwards and Barron 1994; Mustajoki et al. 2005; 
Edwards 1977), Analytic Hierarchy Process (AHP) (Saaty 1977), Analytic Network 
Process (ANP) (Saaty 1990), and Best worst method (BWM), which has gained 
enormous attention since its introduction (Rezaei 2015). The BWM has been applied 
to many real-world decision-making problems because (1) it is a very structured 
method, which helps the decision-maker/evaluator provide more reliable inputs; (2) 
it uses the pairwise comparison in an efficient, yet sufficient, way, which attracts the 
involvement of the decision-makers; (3) the outputs have been found more reliable 
compared to other methods such as AHP; (4) it is a suitable method for determining 
the weights of the criteria when there is a set of qualitative and quantitative criteria; 
and (5) it has a particular metric to check the reliability of the final outputs.

The BWM facilitates a comparison based on relative importance of values. The 
BWM is a stand-alone method, but it can also be considered as an extension to the 
Satisficing approach. That is, sometimes it may be necessary to set a threshold to 
protect certain values, for instance, because of legally required or otherwise obli-
gated codes and standards (e.g. Van de Poel 2009). The Satisficing approach does 
not specify how trade-offs are facilitated above the thresholds, whereas the BWM 
does.

To devise effective strategies for governing complex systems such as smart 
grids, it is necessary to understand the relative importance of different values from 
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stakeholders’ perspectives. To this end, the main objective of this paper is: to pro-
pose the BWM (Rezaei 2015, 2016) as a weight elicitation method in order to deter-
mine the weights of values with regard to each other. The importance of the values 
for each of the dimensions of technology acceptance for the case of smart metering 
is investigated with the aim of testing the applicability of the method, a unique con-
tribution of this paper.

In this paper it is assumed that the identified values, and more specifically their 
relative ranking, determine the acceptance of new technology. Thus, in this paper, 
a different position towards technology acceptance is presented that relates more to 
values prioritization than how single value are conceived. It is particularly this rela-
tive relevance of values that gives rise to various societal and methodological chal-
lenges (i.e. when considered in isolation many values can be found to be important). 
But when choices among the values have to be made, intricate questions will arise 
regarding the importance of one value, when considered in conjunction or in con-
flict with another value. Technological design often poses these situations in which 
choices must be made between important values at stake. A second assumption 
which is made in this paper is that ethical acceptability can be captured in terms of 
values.

Social Acceptance, Ethical Acceptability, and Values

Ethics of technology scholars have focused on the questions of what values are and 
why they are important in technological developments. It has been argued that tech-
nological design may incorporate certain values, since new technologies can pro-
mote or undermine certain values (Van de Poel 2009; Van den Hoven et al. 2015a; 
Taebi and Kloosterman 2015). If values are not appropriately included in the design 
or implementation of a technology, it could lead to controversies and ultimately to 
the failure of such projects (Dignum et al. 2016; Pesch et al. 2017). The literature 
on responsible innovation is based on this rationale, namely, that a lack of proper 
(and timely) inclusion of societal and ethical issues in technological developments 
could lead to the non-acceptance of technological innovations. Although it cannot 
be argued that including these issues would ensure acceptance, it would seem rea-
sonable to assume that it could increase the likelihood of acceptance. The focus of 
this paper is not on how to increase the acceptance of new technologies but to inves-
tigate whether there is a link between acceptance and a proper inclusion of the val-
ues at stake.

Take for example the smart meter technology. Some scholars focus on factors 
that affect the implementation of smart meters among consumers (Chen et al. 2017; 
Chou and Yutami 2014), whereas other researchers study smart meters in relation 
to technology acceptance. The latter group mostly agree that the implementation 
of smart meters will lead to privacy concerns (Cuijpers and Koops 2013; King and 
Jessen 2014). Such concerns could be addressed through technological solutions 
and policy interventions. For example, some scholars have discussed various ‘pri-
vacy friendly techniques’ that minimize or avoid the use of personal data (McK-
enna et al. 2012) whereas others focus on policy interventions such as mandatory 
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versus voluntary roll-out targets or privacy and data security policies (Zhou and 
Brown 2017). Recently, scholars have argued that a broader range of moral values 
beyond privacy—i.e. trust, inclusiveness, and affordability of energy—can influence 
the social acceptance of smart grid technology (such as smart meters) (Milchram 
et  al. 2018). What these and other studies have in common is that they implicitly 
argue that incorporating social and ethical values (mostly privacy) into smart meters 
may increase the likelihood of their acceptance. For example, it has been shown 
that if the privacy issues associated with smart meters had been more appropriately 
included in the design and during the implementation of smart meters in the Nether-
lands, these smart meters would have had a higher likelihood of acceptance among 
stakeholders (Ligtvoet et al. 2015). Although various studies [e.g. Van den Hoven 
et  al. (2015a)] have indicated the importance of paying attention to values when 
designing technologies, these studies have not focused on whether it is possible to 
assign a weight to each value. The current study focuses on this.

Various scholars in the field of ethics of technology distinguish between social 
acceptance and ethical acceptability (Oosterlaken 2015; Taebi 2017; Van de Poel 
2016; Doorn and Taebi 2018). Whereas scholars with a background in the social sci-
ences refer to the (social) acceptance of technology, philosophers have long focused 
on its ethical acceptability, which is reflected in values (Taebi 2017). As mentioned 
in the introduction, acceptance refers “to the fact that a new technology is accepted 
or merely tolerated by a community”—and ethical acceptability refers to “a reflec-
tion on a new technology that takes into account the moral issues that emerge from 
its introduction” (Taebi 2017: 1818). In this paper, acceptability is embodied in 
terms of values. In other words, acceptance and acceptability are interconnected. 
It is argued that there is a gap between ethical acceptability and social acceptance 
and that this gap needs to be bridged (Taebi 2017). Social acceptance studies are 
not capable of addressing all the relevant ethical issues associated with technology, 
while philosophical analyses are often conceptual and lack stakeholders’ opinions 
(Taebi 2017). One way to bridge the gap is to conceive acceptability as acceptance 
under ideal reasoning conditions, or to extend acceptance studies to values that are 
ethically important even if they are not explicitly articulated by stakeholders. The 
latter approach is taken in this paper.

The paper focuses on the acceptance of renewable energies and, following ear-
lier research, defines three dimensions of acceptance (Wüstenhagen et  al. 2007a). 
Sociopolitical acceptance is “social acceptance on the broadest, most general level”, 
market acceptance is “the process of market adoption of an innovation”, and com-
munity acceptance is defined as the specific acceptance of new proposed technology 
by stakeholders. This division is similar to a technological artefact’s design process, 
where its value is perceived differently depending upon the stakeholder groups that 
are involved in the process in which value for the artefact is created (Kroes and Van 
de Poel 2015).

Sociopolitical acceptance focuses on policies for the technology and its accept-
ance and on the key stakeholders’ trust (e.g. market actors and end users) (Wüsten-
hagen et al. 2007a). To design policies that are appropriate it is needed to adhere to 
technological criteria and to the preferences and demands of end users (Chou and 
Yutami 2014). Many studies argue that technological systems are not value neutral, 
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but that they inherently embrace certain values (and exclude others). For instance, 
technological systems might consistently favor the interests of economically and 
politically powerful people (Friedman and Kahn Jr. 2002).

The key determinant of market acceptance is the possession of an installed base. 
Innovation management and standardization scholars have offered factors that may 
positively influence installed base and technology commercialization (Schilling 
1998, 2002; Suarez 2004; Van de Kaa et al. 2011, 2015; Van de Kaa and De Bruijn 
2015) and have assigned weights to these factors (Van de Kaa et  al. 2014, 2018). 
These are important for grid operators (DNOs), energy suppliers, home energy man-
agement systems (HEMS), and for suppliers and vendors of smart meters. These 
stakeholders will have to make a decision which technology to support and adopt, 
and insights about the importance of factors that affect market acceptance of the 
technologies may decrease the uncertainty that is attached to that decision.

Community acceptance is crucial for siting decisions about renewable projects 
(Wüstenhagen et  al. 2007b). Since smart meters require acceptance by individual 
households, this dimension is renamed to household acceptance. As argued by Ligt-
voet et al. (2015), households “may have a less prominent role in determining the 
development of technologies, but at times play a significant role in the acceptance of 
the technology” (Mitchell et al. 1997). Technology acceptance can be increased by 
meeting both the functional and end users’ moral and social values.

Developing a Methodology for Assigning Weights to Values

Multiple values need to be considered when evaluating technology acceptance. This 
implies that the problem can be formulated as a multi-criteria decision analysis, as 
values can be considered as criteria. There are different multi-criteria decision anal-
ysis methods in the existing literature (for the most commonly used methods see, 
for example, Figueira et al. (2005). In this study one of the most recently developed 
multi-criteria decision analysis methods, called the BWM, is used. This method is 
chosen as it has been shown to be a more reliable weighting method compared to 
matrix-based methods such as AHP, which needs fewer data compared to similar 
methods. This method allows you to assign weights for each value in a dimension, 
showing the importance of the values in each dimension. BWM is applied to deter-
mine weights for values for the three conceptualizations of technology acceptance. 
The methodology consists of two steps: (1) relevant values are chosen, (2) the BWM 
approach is applied.

Choosing Relevant Values

To identify the relevant values, the literature on technology acceptance for smart 
metering is first reviewed to examine the values that may have played a role. Three 
key papers are selected. First, a key paper by Wüstenhagen et al. (2007a) that dis-
cusses sociopolitical acceptance is selected. This paper is considered to be a rep-
resentative paper from the energy policy literature. Second, an article by Van de 
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Kaa et al. (2011) is selected. This paper lists the most complete set of factors for the 
market acceptance of a technology. This list of values mostly comes from the inno-
vation management literature (Suarez 2004). Third, a paper by AlAbdulkarim and 
Lukszo (2011) is selected. This paper discusses household acceptance and addresses 
the acceptance of smart meters in the Netherlands from a user perspective. Their list 
of values mostly comes from the value sensitive design (VSD) literature (Friedman 
and Kahn Jr. 2002) regarding moral and social values and functional values for end-
users of smart meters. For each of these three papers, a forward (papers that cited 
the key paper) and a backwards literature search (references mentioned in the key 
paper) using the search engines ISI Web of Knowledge and Scopus was performed. 
Each paper was carefully read and it was analysed whether a value was mentioned in 
the paper. A value could be mentioned explicitly or implicitly. If so, it was included 
in the list of relevant values. This process was continued until the repetitions of the 
arguments indicated that a sufficient overview of values had been achieved.

As several values have been proposed in the existing literature, a qualitative 
validation was first conducted and the list of values was screened by interviewing 
a panel of experts with extensive knowledge on dimensions of acceptance. Three 
researchers were selected that focus on either smart grid and/or smart meters. They 
were chosen based on their level of expertise on smart meters and smart grid sys-
tems. They all had four or more years of experience in the development and deploy-
ment of the smart meter and smart grid systems. A qualitative validation guarantees 
that the range of values applies to the framework for the social acceptance of smart 
meters (Kheybaria et  al. 2019; Van de Kaa et  al. 2018). One expert was an advi-
sor in the market, as well as an end user (representative of a household) and had 
experience with the institutional design of smart meters. The second expert was a 
researcher on smart meters and smart grid systems, focusing on consumer behavior. 
The third expert was a researcher on the social acceptance of energy projects.

By qualitatively validating the values with these experts, their views and prefer-
ences about the values could be assessed and by comparing their views and prefer-
ences, a clear set of values could be determined for a dimension or group of stake-
holders that was needed to compare the values’ importance (see Tables 1, 2, 3).

BWM

After selecting the most relevant values using the above approaches, the BWM was 
used to assign weights to these values. Ten experts evaluated the importance of 
the values for the acceptance of smart metering with the help of the BWM. These 
experts were asked to empathize with the general public and they were asked what 
the general public would think about certain matters. Information about the ten 
experts’ background and years of experience with smart meters and smart grid tech-
nology can be found in Table 4. The BWM will now be described in more detail.

The BWM is a multi-criteria decision analysis method, which has been 
shown to be a suitable methodology to structure highly complex systems so that 
decision-makers and policymakers would be able to better understand the sys-
tem of interest. The method has been applied in many different areas including 
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Table 1  Values for sociopolitical acceptance

Value Definition

Privacy To ensure privacy, the private space of end users should be kept free from 
intrusion and users should be allowed to determine what information 
about themselves can be communicated (Friedman et al. 2013; Warnier 
et al. 2015)

Environmental sustainability To ensure environmental sustainability, energy consumption should not 
burden the environment (Friedman et al. 2013; Taebi and Kadak 2010)

Compatibility To ensure compatibility, the technology should adequately perform its 
function in conjunction with other apparatus (similar products and com-
plementary devices) and the infrastructure (Van de Poel 2015b)

Cost-effectiveness To ensure affordability and its continuation over the course of time (Taebi 
and Kadak 2010)

Trust To promote trust and expectation that exists between the people (actors) 
who can experience good will, extend good will toward others, feel vul-
nerable, and experience betrayal (Friedman et al. 2013; Huldtgren 2015)

Reliability To ensure reliability and to perform without failing and without grid 
malfunctioning (i.e. blackouts) (Van de Poel 2015b)

Autonomy To ensure autonomy so that users have control over the technology to plan 
and execute their actions in way to achieve their goals (Friedman et al. 
2013; Warnier et al. 2015)

Procedural justice To ensure transparency, honesty and as well as timely, full, and unbiased 
information in decision-making (Dignum et al. 2016)

Table 2  Values for the market acceptance of smart meters

Value Definition

Efficiency To ensure efficiency, the technology’s ratio between the degree to which it fulfil its 
function and the effort (data-rate, latency, rang etc.) to achieve that effect should be 
optimized (Erlinghagen et al. 2015; Van de Poel 2015b)

Reliability To ensure reliability and to perform without failing and without grid malfunctioning 
(i.e. blackouts) (Van de Poel 2015b)

Compatibility To ensure compatibility, the technology should adequately perform its function in 
conjunction with other apparatus (similar products and complementary devices) 
and the infrastructure (Van de Poel 2015b)

Flexibility To ensure flexibility and to adapt to changes in customer needs and new technologi-
cal developments (Van de Kaa et al. 2011)

Procedural justice To ensure transparency, honesty and as well as timely, full, and unbiased information 
in decision-making (Dignum et al. 2016)

Ownership To ensure resources and competences for the communication network for smart 
meters, to use it, to manage it, and to derive income from it (Huldtgren 2015; 
Erlinghagen et al. 2015)

Cost-effectiveness To ensure affordability and its continuation over the course of time (Taebi and 
Kadak 2010)

Disclosure To ensure that accurate information about the benefits and harms of the technology 
is provided (Friedman et al. 2000)

Trust To promote trust and expectation between the people (actors) who can experience 
good will, extend good will toward others, feel vulnerable, and experience betrayal 
(Friedman et al. 2013; Huldtgren 2015)
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transportation (Groenendijk et  al. 2018; Rezaei et  al. 2018b), energy (Omrani 
et al. 2018; Zhao et al. 2018; van de Kaa et al. 2019a, b; Kheybaria et al. 2019), 
sustainability (Rezaei et al. 2019; Garg and Sharma 2018; Nie et al. 2018), supply 
chain and logistics (Lo et al. 2018; Rezaei et al. 2015, 2016, 2019; Ahmad et al. 
2017; Ahmadi et al. 2017; Haeri and Rezaei 2019; Onstein et al. 2019; Liu et al. 
2019), ICT (Nawaz et al. 2018; Van de Kaa et al. 2018), water (Nie et al. 2018), 
aviation (Rezaei et  al. 2018a), research assessment (Salimi 2017), and R&D 
(Salimi and Rezaei 2018).

This method helps decision-makers to assess the importance of the factors 
constituting the overall output(s) of the system quantitatively (Rezaei et al. 2015). 
In other words, it is a suitable method to evaluate a complex system when sev-
eral qualitative and quantitative factors/criteria play a role. The BWM is based on 
pairwise comparison, in which two values are compared. In practice, comparing 
values is a challenge, especially when it comes to making consistent comparisons 
between all values. Building on earlier work (Rezaei 2015), it can be argued that 
it is easier for a decision-maker (or an expert) to express the direction of compari-
son than to rate the strength, which is a difficult task and usually the main source 
of inconsistency. The direction defines whether a value is more or less significant 

Table 3  Values for the household acceptance of smart meters

Value Definition

Security/safety To ensure protection from intentional harmful attacks (e.g. cyber-attack, 
burglary) and unintentional effects (loss of user-data) (Taebi and Kadak 
2010)

Usability To ensure that every household can successfully use the smart meter and 
its functionalities (Huldtgren 2015)

Comfort To provide advanced technology to control and manage electricity use 
(Gangale et al. 2013) and to offer technological solutions allowing the 
optimization of comfort and more control over own energy use

Cost-effectiveness To ensure that affordability regarding cost and benefit, when choosing for 
the technology can be guaranteed and to ensure its continuation over the 
course of time (Erlinghagen et al. 2015; Taebi and Kadak 2010)

Trust To promote trust and expectation that exists between the people (actors) 
who can experience good will, extend good will toward others, feel vul-
nerable, and experience betrayal (Friedman et al. 2013; Huldtgren 2015)

Privacy To ensure privacy, the private space of end users should be kept free from 
intrusion, and users should be allowed to determine what information 
about themselves can be communicated (Friedman et al. 2013)

Autonomy To ensure autonomy so that users have control over the technology to plan 
and execute their actions in way to achieve their goals (Friedman et al. 
2013)

Distributive justice To ensure distributive justice, the distribution of the cost and benefits 
and other positive and negative effect of the technology should be fair 
(Dignum et al. 2016)

Environmental sustainability To ensure environmental sustainability, energy consumption should not 
burden the environment (Friedman et al. 2013; Taebi and Kadak 2010)
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than the other, while the strength enumerates how much one value is more sig-
nificant when compared to the other. The pairwise comparison of BWM solves 
this difficulty. Rather than comparing each pair of values, first the most important 
value (which is called the best) and the least important value (which is called the 
worst) of each dimension (set of values) are determined. The rest of the values 
from a particular dimension are then compared based on this reference value.

To determine the weights of the values (which are called criteria here) in a dimen-
sion (set of values) five steps are followed (Rezaei 2015). The method is depicted for 
the values of sociopolitical acceptance (s1, s2, …, sn):

Step 1 The expert (or decision-maker or user) determines the values (criteria) rel-
evant for the sociopolitical dimension of acceptance (s1, s2, …, sn).

Step 2 The expert (or decision maker or user) determines the best (most important) 
and the worst (least important) values of this dimension of acceptance from a sociopo-
litical set of values (criteria) (s1, s2, …, sn).

Step 3 The expert’s (or decision-maker or user) preferences of the most important 
value from the sociopolitical dimension are compared to the other values of this dimen-
sion, using a number between 1 (equally important) and 9 (extremely more important). 
These comparisons result in a best-to-others vector i.e. SB = (sB1, sB2, …, sBn) where 
sBj indicates the expert’s (or decision-maker or user) preference of the most important 
value B over value j of the sociopolitical dimension.

Step 4 Similarly, the expert’s (or decision-maker or user) preferences of all the other 
values of the sociopolitical dimension are compared to the expert’s least important 
value of this dimension using a number between 1 and 9. These comparisons result in 
an others-to-worst vector i.e. SW = (s1W, s2W, …, snW)T where sjW indicates the preference 
of the expert value j over the least important value W of the sociopolitical dimension.

Step 5 The last step focuses on deriving the optimal weights (importance) for each 
value (ws1, ws1, …, wsn). A solution can be found when the maximum absolute differ-
ence for all j is minimized for the following set 

{
|
||
wSB − sBjwsj

|
||
,
|
||
wsj − sjWwSW

|
||

}
 

(Rezaei 2016), which results in the following optimization problem.

This formulation can be translated to a linear programing problem as follows:

(1)

minmaxj

{
|
||
wSB − sBjwsj

|||
,
|||
wsj − sjwwSW

|
||

}

subject to
∑

j

wsj = 1

wsj ≥ 0 for all j
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Model (2) is a linear programming problem which can be solved by sim-
ple optimization tools. The solution to this model is the weights of the values 
(w∗

S1
,w∗

S2
,… ,w∗

Sn
) , in this case for sociopolitical acceptance. For the linear model 

of BWM, �L∗ is considered as a consistency indicator of the comparison system and 
values of �L∗ closer to zero show a higher level of consistency (Rezaei 2016). The 
steps are presented for the sociopolitical acceptance dimension. The weights for the 
other dimensions, market acceptance (w∗

M1
,w∗

M2
,… ,w∗

Mn
) and household acceptance 

(w∗
H1
,w∗

H2
,… ,w∗

Hn
) are derived following the same steps.

Results

The results of the BWM for the importance of values for sociopolitical acceptance, 
market acceptance, and household acceptance of smart meters are shown in Table 5. 
The results of the weights of the values were accumulated and the average was cal-
culated. The average consistency indicator �L∗ of comparison systems is included. 

(2)

min�L

|
|
|
wSB − sBjwsj

|
|
|
≤ �L, for all j

|
|
|
wsj − sjwwSW

|
|
|
≤ �L, for all j

∑

j

wsj = 1

wsj ≥ 0, for all j

Table 5  Average weight for the importance of the values for the three conceptualizations of acceptance 
of smart meters

Sociopolitical acceptance Weight Market acceptance Weight Household acceptance Weight

Privacy 0.176 Cost-effectiveness 0.159 Privacy 0.157
Environmental sustain-

ability
0.150 Reliability 0.134 Security/safety 0.147

Procedural justice 0.146 Efficiency 0.129 Usability 0.135
Reliability 0.121 Compatibility 0.124 Comfort 0.127
Cost-effectiveness 0.113 Procedural justice 0.112 Trust 0.111
Trust 0.110 Trust 0.095 Autonomy 0.104
Compatibility 0.093 Flexibility 0.0834 Cost-effectiveness 0.092
Autonomy 0.091 Ownership 0.0830 Environmental sustain-

ability
0.080

Disclosure 0.079 Distributive justice 0.048
consistency �L∗ 0.056 Consistency �L∗ 0.052 Consistency �L∗ 0.053
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The comparisons had high consistency, since the consistency ratio is very low 
(< 0.06) and closer to zero than one.

The results of the BWM show that, according to the experts, privacy is the most 
important value for achieving sociopolitical acceptance and household acceptance 
and cost-effectiveness is the most important factor for achieving market acceptance. 
Indeed, Ligtvoet et al. (2015) has hinted towards the importance of guaranteeing pri-
vacy for smart meters and also explained why privacy incorporation is so important. 
Our study provides the first hard evidence of the importance of guaranteeing privacy 
to ensure technology acceptance. The results also show that cost-effectiveness is the 
most important factor for achieving market acceptance. In other words, the instal-
lation of the smart meter should be affordable for potential adopters. These costs 
should outweigh the benefits. Indeed, in the Netherlands, most households have a 
regular meter. Changing to a smart meter costs about 80 euros. The benefits of a 
smart meter include automatic communication of energy consumption data to the 
energy companies and a better overview of their energy consumption for customers. 
Eventually this could lead to savings, but the initial investment of 80 euros seems to 
be a hurdle for many consumers. One solution could be to apply a form of penetra-
tion pricing whereby the price of the product is considerably lower than the actual 
costs to produce the product. This can quickly lead to a large market share and thus 
to market acceptance (Adams 1996; Katz and Shapiro 1986). Indeed, in the Neth-
erlands the smart meter is installed for free in the period 2015–2020. Since cost-
effectiveness is so important for reaching market acceptance, we believe that this 
will increase the chances that the smart meter will eventually become adopted on a 
large scale.

Discussion

This paper contributes to the literature by providing a methodology that can rank 
values based on expert opinions. It is important to keep in mind that there are dif-
ferences between expert-based methods (such as the one used in this study), and 
data-based methods (such as most statistical analysis) in terms of the amount of data 
needed for reliable results. In statistical analysis, data is usually collected from a 
large sample of observations to find something from the sample and get some ideas 
about the larger population, usually with the purpose of generalizations. In expert-
based methods, one relies on the knowledge and opinions of a limited number 
of experts. In other words, the choice of experts is of utmost importance. At first 
glance, including only ten experts in the study might seem insufficient. However, the 
aim of this study is not to propose a recommendation for policy. The aim is to show 
that the BWM can effectively establish the relative ranking of values, which can be 
helpful when dealing with value conflicts. To that end, the paper has provided evi-
dence that the BWM can be used to better understand the importance of values for 
smart meter acceptance and can help to get a first indication of weights for values for 
the case of smart metering. Expert opinions have been included here to show how 
this method could work, also when applied to broader groups of people.



 G. van de Kaa et al.

1 3

The methodology has some limitations. First, the paper assumes that accept-
ance is determined by stakeholders’ perspectives on acceptance, which in turn are 
influenced by whether stakeholders’ values are sufficiently considered in the design. 
However, the question is whether single experts can sufficiently represent a group 
of people (such as households) and whether they can take into account the values of 
others. Each individual stakeholder in a group (dimension) can have different sets of 
values, which are important for the decision to accept a smart meter. Assessing the 
opinion of each individual and aggregating their judgments would be impossible. 
And there is a fundamental objection against this from an ethical perspective, since 
an aggregation of individual values does not necessarily constitute broader shared 
or societal values. Nevertheless, future research that aims to use the methodology 
could assess the acceptance of smart meters in each category of acceptance in more 
detail by further segmentation. For example, household acceptance refers to all the 
smart meter customers holding the same values. This segmentation could give infor-
mation about which values are shared in a certain segment. Scholars have suggested 
that end user groups should be further segmented, and have identified four smart 
meter customer groups for the Swiss market (Kaufmann et al. 2013). Experts who 
evaluated the values also called attention to the idea that it might be possible to fur-
ther segment household acceptance into different group interests, such as price sen-
sitive, technically skilled or end users who want autonomy of the network. These 
and future segmentations will provide information that can lead to specific values 
for smart meter acceptance, which can be used to offer different service options for 
each end user segment. In a follow-up study, further segmentation could provide 
insights and design requirements for specific services of smart meters and could 
foster more customer involvement. In conclusion, although the method could be 
expanded to include the opinions of various groups of stakeholders, challenges are 
likely to arise when applied to a broader group of individuals. These include how to 
deal with diverging opinions that represent different interests and whose opinion to 
include in the analysis. However, these challenges are general for all methods that 
aim at including stakeholders’ values in the analysis [see for example Taebi et  al. 
(2014)].

Another limitation is that the paper has assumed trade-offs between the values 
that cannot be achieved simultaneously. Philosophical and psychological literature 
suggests that trade-offs between values are sometimes considered taboo by peo-
ple, or that trade-offs are impossible because values are incommensurable (Chang 
1997; Raz 1986; Tetlock 2003; Van de Poel 2015a). It has been suggested that in 
such cases, values may be constraints on what options (technologies) are acceptable, 
rather than being criteria that can be traded off (Van de Poel 2015a). If values indeed 
act as constraints in such cases, it might be possible to select acceptable options by 
first leaving out the options that do not meet certain constraints derived from the rel-
evant values, and then applying a multi-criteria decision method like the BWM. This 
resembles the Satisficing method as discussed in the Introduction, in that certain 
values will then have to be met completely and are positioned outside the trade-off 
zone. In this sense, the BWM could be considered as a method that complements the 
earlier mentioned methods in the literature.
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Finally, two remarks are in order. Firstly, the paper does not claim that a quanti-
tative analysis should completely replace a qualitative analysis. Rather, a quantita-
tive analysis alludes to the direction in which a qualitative assessment should be 
made. For this paper, it helps to identify the most important values for dimensions 
of acceptance. Qualitative assessments have been presented in the first place as a 
response to quantitative mostly aggregate methods such as cost–benefit analysis, 
which have also been proposed in the literature for dealing for value conflicts (Van 
de Poel 2015a). This type of analysis has been criticized for wrongly eliminating 
all the complexity in decision-making by reducing all values into one single value 
of utility, which is then expressed in monetary terms (Hansson 2007). Rather than 
brushing aside all the complexity, the BWM method aims at clarifying the choices 
by hinting in the direction of how stakeholders are inclined to make such choices. Of 
course, this is just the starting point of the discussion on a comprehensive qualitative 
analysis. Secondly, the BWM has been shown to be a suitable methodology to struc-
ture highly complex systems for decision-makers and policymakers. This method 
is applied to assess the opinion of experts and as such it should be considered as a 
proof of concept and as the first step towards a comprehensive assessment of values 
in smart metering.

Conclusion

This paper investigates the relation between social acceptance and ethical accept-
ability of new technologies. It is assumed that the ethical acceptability could be 
sought in the realm of values at stake. This paper’s case study was the acceptance of 
smart metering, in which the values that stakeholders found important were inves-
tigated in their development and introduction. Indeed, sometimes values cannot be 
achieved at the same time, which gives rise to a value conflict. For appropriate deci-
sion-making on new technologies issues, it is important to properly understand the 
multitude of values and also the potential conflicts that could arise between these 
values. In ethics of technology, a number of methods for dealing with value con-
flicts have been proposed. The proposed method in this paper fits well in the existing 
methods and complements different methods, all of which could facilitate a better 
and more informed way of dealing with conflicts. The method is, therefore, poten-
tially relevant for both decision-makers and policymakers, since such an analysis 
can assist them in better understanding the system, and most importantly, anticipat-
ing conflicts and finding responsible approaches to resolve such conflicts. Expanded 
versions of what has been shown here could facilitate actual policy-making. It has 
been shown how analytical hierarchies between these sometimes-conflicting val-
ues can be operationalized. The paper provides a first indication that the BWM is a 
proper methodology for establishing the relative relevance of values.

The first assumption that was made in this paper refers to the notion that values, 
and more specifically their relative ranking, determine the acceptance of new tech-
nology. That assumption could be empirically tested in future research. Also, the 
second assumption which was made in this paper referring to the notion that ethical 
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acceptability can be captured in terms of values could be empirically and conceptu-
ally tested in future studies. Can all ethical concerns of stakeholders, but also the 
broader concerns that are not directly linked to existing stakeholders (e.g. intergen-
erational justice) be captured in terms of values?

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, 
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate if changes were made.
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