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A B S T R A C T

Technological developments such as the Internet of Things, and artificial intelligence result in new innovative 
systems. In these systems, ICT is integrated in products, services and processes. Interconnectivity gets crucial and 
standards should facilitate this. New standards complement existing ones and these may originate both from the 
ICT field and from other fields. These fields have different standardization cultures and often, multiple standards 
are competing. The question is which standard, if any, will achieve market success. We relate the success factors 
to the different phases of the technology life cycle. We assess the importance of these factors by using the Best 
Worst Method. In the discussion section, we argue how the importance of certain factors may change and which 
new factors pop up in an increasingly globalized and digital world. This should provide a basis for future research 
on market success of standards in this new context.

1. Introduction

Many systems consist of elements produced by different firms that 
need to be interoperable. Compatibility standards enable this. In many 
cases, there is not just one standard but different standards compete for 
market acceptance. For investment decisions, it is important to know 
which one is expected to win. In most cases, one standard turns out to 
become dominant. The reason is that standards-based markets are often 
characterized by increasing returns to adoption. Due to market mecha
nisms, such as indirect and direct network externalities [1,2], the stan
dard that has an initial lead in installed base attracts more users and 
becomes dominant [3,4].

Companies that sell products in which the winning standards are 
applied have a huge competitive advantage compared to companies 
whose product specifications meet a losing standard. That is why, often, 
fierce ‘standards battles’ are fought in these markets [5,6].

Various technology management scholars have studied such battles 
including, e.g., VHS vs Betamax [7,8] and Blu-ray vs HD-DVD [5,9]. 
They attempt to explain the outcome of these battles by defining factors 
that affect the build-up of an installed base [10–13]. However, these 
scholars predominantly focus on the period from the initial introduction 
of the first product in which the standard has been implemented until 
one of the competing standards has achieved dominance. Yet, this 
dominance process involves other phases before and after this phase that 
have received relatively little attention. For example, before the first 

product in which the standard is implemented is introduced in the 
market, prototypes of that product may have been developed, and after 
standard dominance ‘within-standard competition’ takes place: 
competition between companies using the same standard.

Products are shaped by standards and companies develop, produce, 
market and sell these products. Therefore, factors for success in stan
dards battles relate not only to the standard itself but also to the products 
for which it is used and to the companies designing, producing, mar
keting, selling or using these products. Success of the standard is related 
to the success of these products and the success of these companies, the 
causality is in both directions. The focus of this paper is on success 
factors for standards.

The research question of this paper is: what is the importance of 
factors for standard dominance during each phase of the technology 
dominance process as defined by Suarez [12]? We apply the BWM 
method to structure expert opinions [14,15].

The paper contributes to the literature on standards by assigning 
weights to factors for standard dominance in each phase of the domi
nance process as defined by Suarez [12]. It shows how companies can 
influence the outcome of standards battles to their advantage.

2. Theory

The processes and mechanisms that lead to single de-facto standards 
or dominant designs has been studied by numerous scholars from a 
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diverse range of backgrounds. Evolutionary economists tend to believe 
that standards get established in the market after a period of radical 
change and experimentation which is referred to as the fluid phase [16,
17]. After the dominant standard has been set, the era of incremental 
change sets in. They argue that technological change is cyclical and 
technological discontinuities will emerge eventually resulting in a 
period of radical change and the establishment of a dominant standard 
[18]. These scholars argue that firms cannot influence the outcome of 
the standards battle per se, and the technological discontinuity does not 
necessarily result in a dominant standard in the industry [19].

In the 1980s, industrial economists and network economists have 
explored the notion of network externalities; a mechanism that results in 
products (in which standards are implemented) increasing in value the 
more they are being adopted by users [1,2]. For example, the value of a 
mobile phone to users when it is not part of a mobile telecommunica
tions network is equal to its technological stand-alone value. When it 
becomes part of a mobile network, users can call other users, and the 
value of the mobile phone system will increase by a factor of ½n(n-1), n 
being the number of users that can be reached thanks to having adopted 
the same mobile telecommunication standard. Network economists 
have come up with factors for standard dominance, such as installed 
base, and various factors that can influence the installed base, such as 
setting low prices for products in which the standards are incorporated 
(penetration pricing) [20].

Technology management scholars have studied various examples of 
standards battles and have investigated whether it is possible to explain 
and even predict their outcome [10,11,21,22]. They borrowed the idea 
from network economists that a large installed base is crucial for setting 
dominant standards, and they have explored ways of increasing the 
installed base [3]. By, for instance, applying fierce marketing campaigns, 
the expected and anticipated installed base can be positively influenced 
[23]. And as expectations count for a lot in standards battles [4], these 
subjective components of installed base affect actual installed base posi
tively [23]. Other scholars point to the importance of following an open 
standards strategy [24,25]. This basically entails that patents are applied 
as few as possible in standards so the cost of applying the standards in 
products decreases. This enhances the chances of standard dominance, as 
in the case of Sun’s Java standard programming language [24]. Suarez 
[12] distinguishes between five phases of the technology dominance 
process. The first phase, R&D buildup, starts with research and develop
ment. According to Suarez, this can be seen as the start of the ‘techno
logical field’. A new phase, Technological feasibility, starts when the first 
working prototype has been developed. The third phase, Creating the 
market, starts with the launch of the first commercial product (in which 
the standard is implemented). The fourth phase, Decisive battle, starts 
when ‘an early front runner’ emerges. The final phase, Post-dominance, 
starts when a standard has achieved dominance [12].

Standardization scholars distinguish between market-based, com
mittee-based, and government-based standardization [26]. Many 
scholars study market-based standardization and investigate standards 
battles. They have mainly focused on explaining and predicting standard 
dominance in the fourth phase; the actual standards battle [5,6,27,28]. 
They have developed frameworks consisting of factors for standard 
success [10,12,29] and they have applied these factors to various cases 
[5,6,21,30]. The framework developed by van de Kaa et al. is one of the 
most complete frameworks. However, this framework needs to be con
nected to the phases distinguished by Suarez [12]. This was done before 
by Den Uijl [31] on a slightly different set of factors and based on several 
cases, and recently by others [32,33]. However, in this study, we apply a 
systematic approach and assign weights to the factors. We focus on the 
firm-level factors from van de Kaa’s model, as companies can directly 
influence these factors.

The studies that are discussed up until now focus on how companies 
can ensure that their standard is successful given market mechanisms. 
Researchers have also looked at the reasons why companies adopt 
standards [34]. These researchers often use literature on innovation 

adoption to look at the benefits that the standard offers [35]. Further
more, scholars have borrowed from neo-institutional theory to argue 
that companies adopt standards because, e.g., others do so [36].

3. Method

In order to determine the importance of factors for standard success 
per phase of the dominance process, two studies were conducted. The 
first study determines the factors for standard dominance during the 
subsequent phases, using both primary and secondary sources, while the 
second study estimates the importance of these factors using primary 
sources. Primary sources include three expert interviews. Details about 
the interviewees can be found in Table 1.

Secondary sources include literature that was arrived at by forward 
searching two key papers that report on factors for standard dominance: 
van de Kaa et al. [13] and Suarez [12]. The abstracts of the papers that 
were found were scanned and, when deemed relevant, further analyzed. 
Papers were selected when they focus on factors for standard or design 
dominance in one or more stages of the technology dominance process 
as defined by Suarez [12]. Example papers include, Bakker, van Lente 
and Meeus [37] who have studied factors for design dominance in the 
second stage and van de Kaa et al. [38], who have focused on factors for 
standard dominance in the fourth stage.

The primary source used in study 1 included an interview with an 
expert (expert 1 in Table 1) who has comprehensive knowledge on stan
dards battles. He has detailed knowledge about the topic under investi
gation; standard dominance factors per phase of the technology dominance 
process. A factor is considered relevant in this research if it is found in the 
literature or if the factor is mentioned to be relevant by the interviewee.

The methodology used to analyse the relevant factors and determine 
their corresponding weight is the best-worst method (BWM) developed 
by Rezaei [14,15]. This is a multi-criteria decision making (MCDM) 
method that uses pairwise comparison to effectively compare criteria. It 
has been successfully applied to non-standardisation cases such as 
airline baggage handling systems [39] and offshore outsourcing adop
tion [40]. Compared to other commonly used methods for establishing 
weights in an MCDM problem, such as Analytic Hierarchy Process 
(AHP), the BWM requires less comparison data whilst still deriving 
highly reliable weights [14]. Therefore, BWM is chosen as the method 
for this research, as the number of interview candidates with thorough 
knowledge on this topic is very limited.

Three experts (see Table 1) were asked to rank the factors on impor
tance by means of a questionnaire. The factors were clustered into four 
categories derived from the framework of van de Kaa et al. [13]. The 
respondents were asked to first rank these four categories by means of 
pair-wise comparison, resulting in weights of the categories. Then they 
were asked to make pair-wise comparisons for the factors within the four 
categories, resulting in the local weights. By multiplying the local weights 
of the factors with the weight of its corresponding category, the global 
weights of the factors were obtained. This process was repeated for each 
phase of the dominance process as defined by Suarez [12]. A more 
detailed overview of the steps involved in the method is discussed below.

To arrive at the weights of factors (and cluster of factors) per stage of 
the technology dominance process the following steps (that are part of a 
typical BWM study) were taken [14,15]: 

1. The relevant factor (denoted by cj, j = 1, …, n) were identified by 
screening the literature and interviewing a key expert.

Table 1 
Background, position, and expertise of respondents.

# Background Position Expertise

1 Academia Professor Management and standardization
2 Academia Researcher Standardization processes
3 Academia Researcher IT standardization
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2. The most important factor B (for best) and least important factor W 
(for worst) were determined.

3. The preference of the most important factor over all the other factors 
was evaluated (by using a number that ranges from 1 (equal 
importance) to 9 (B is extremely more preferred to the other crite
rion)). This results in the ‘Best-to-Others’ vector (aB1,aB2, ……, aBn).

4. The preference of all the factors over the least important factor was 
established. This is again done using a number ranging from 1 (equal 
importance) to 9 (the criterion is extremely more importance 
compared to W). This results in the ‘Others-to-Worst vector (a1W,a2W,

….,anW)

5. Optimal weights are determined by solving the linear optimization 
problem: 

minmax
j

{|wB − aBjwj
⃒
⃒,

⃒
⃒wj − ajWwW

⃒
⃒
}

s.t. 
∑

j
wj = 1, (3) 

wj ≥ 0, for all j.
The model (3) is transferred to the linear programming problem: 

minξL 

s.t. 
⃒
⃒wB − aBjwj

⃒
⃒ ≤ ξL, for all j 

⃒
⃒wj − ajWwW

⃒
⃒ ≤ ξL, for all j 

∑

j
wj = 1 (4) 

wj ≥ 0, for all j
This results in the optimal weights and objective function value 

(consistency indicator) which has to be as close to zero as possible to 
attain high consistency.

4. Results

4.1. Overview of results

The results of Study 1 are reported in Table 2. The column Literature 
lists how many times the factor was mentioned in the literature. A cross in 
the ‘Expert’ column indicates that the expert identified the factor as 
relevant, while a cross in the ‘Relevant’ column indicates that the factor 
was mentioned by the expert or in the literature. All factors mentioned in 
van de Kaa et al. were found to be relevant in at least one of the phases of 
the dominance process. However, it can be observed that the literature 
(sources available upon request) primarily focuses on factors in the phase 
of the decisive battle whereas the expert considers these factors to be 
relevant during most other phases as well. The factors are explained in 
van de Kaa and de Vries [41].

The second study resulted in BWM results for three experts. The BWM 
was used to determine the weights of each factor in the different phases of 
the dominance process. Table 3 shows the weights resulting from the 
BWM. Weights for categories and factors are shown for each phase of the 
dominance process. In Table 4 the global weights are shown. Complete 
data are available upon request (attached as Appendix 1).

To evaluate if each expert’s answers are consistent this method uses 
the input-based consistency ratio. In Table 4, for each expert and each 
comparison, that ratio is reported together with its associated threshold 
value. The consistency ratios are mostly below their associated threshold 
value which signals a high consistency.

4.2. Interpretation of results

In this section, we will discuss the relevant factors in each stage of the 
dominance process. The focus will lie on the most important factors (in 
italics) for standard dominance in each stage.

One of the most important factors during the R&D build up phase 
appears to be learning orientation. Indeed, the eventual dominant design 
is based upon knowledge that is accumulated through R&D during this 
phase. Complementary assets such as financial resources are needed to 
cover the cost of R&D which is the reason for its importance. The R&D 
during this stage aims at getting technological superiority for the design so 
it makes sense that the experts valued these three factors as one of the 
most important ones. If a company cannot do it alone, it is important to 
form an alliance with other companies with complementary expertise 
and strength, thereby increasing the diversity of the network of actors that 
support the standard and the other suppliers offering, e.g., complemen
tary goods. Another reason to form alliances is to prevent others from 
forming a competing alliance that is stronger. In such a strong alliance, it 
should be possible to arrive at a working prototype.

In the second stage, experts found learning orientation to be one of 
the important factors. Learning is relevant as design improvements are 
based on knowledge. This knowledge can be gained from within the 
company or consortium and from outside. Also, it refers to learning by 
doing and learning from feedback on the prototype. Technological 
characteristics are also relevant in this second stage, and experts rated 
flexibility by far as the most important factor. Based on the first expe
riences internally and the first reactions in the market, companies may 
aim at further improvements and, if needed, re-positioning. User feed
back may be a reason to change initial decisions in positioning. It may, 
therefore, be needed to modify the design based on first experiences, 
both technical and from users, so it is important to listen to the market, 
and think about priorities when changing the initial design.

Companies endorsing the standard that has survived until the third 
stage, have already invested a lot in technology development but might 
not yet have seen much rewards. Continued commitment for the tech
nology (in which the standard is implemented) is required at this stage. 
Furthermore, as competitors have entered with competing standards, at 
this stage it is required to heavily invest in building up an installed base 
before competitors can corner the market. This can especially be 
accomplished by marketing communications, e.g., in the form of pre
announcements and pricing strategy, e.g. in the form of penetration 
pricing. However, such strategies can only successfully be executed 
when sufficient resources are available such as financial resources. As 
expectation counts for a lot in standards-based industries, brand repu
tation and credibility increase in importance in this stage. This factor 
signals strength to the market.

In the fourth stage, only a couple of standards are left and competition 
will become more fierce so that the importance of further building up 
current installed base increases. This can be accomplished through 
increasing the availability of complementary goods, to be connected via an 
interface that meets the standard. Pricing strategy and marketing communi
cations remain important in the fourth stage to further increase the installed 
base. Brand reputation and credibility becomes somewhat less important.

In the fifth stage, the Post-dominance phase, it is more up to the 
individual companies than the consortium to keep the standard domi
nant. At this stage, competition might occur with new entrants that may 
challenge the dominant standard with an alternative one that allows a 
substantially higher level of product quality. Installed base and the 
availability of complementary goods are therefore still important to 
protect the position of the dominant standard against potential chal
lengers. Then, pricing strategy is the most important factor and this does 
not concern the price of the standard itself but of the products that work 
with it. Only companies that own sufficient financial resources can afford 
to do this because such resources are required to decrease the price of 
the technology. It persuades laggards to also buy the technology.
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Table 2 
Results of study 1.

Phase R&D Build up Technical feasibility Creating the market Decisive battle Post-dominance

Literature Expert Relevant Literature Expert Relevant Literature Expert Relevant Literature Expert Relevant Literature Expert Relevant

Characteristics of the format supporter ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
1 Financial strength ​ X X ​ X X 1 X X 6 X X ​ X X
2 Brand reputation and credibility ​ X X 1 X X 1 X X 6 X X ​ ​ ​
3 Operational supremacy ​ X X 2 X X 1 X X 5 X X ​ ​ ​
4 Learning orientation 1 X X 2 X X 1 X X 6 X X ​ X X
Characteristics of the format ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
5 Technological superiority 1 X X 2 X X 3 X X 10 X X 2 X X
6 Compatibility 1 X X 1 X X 1 X X 9 X X ​ X X
7 Complementary goods ​ X X 1 X X 1 X X 7 X X ​ X X
8 Flexibility ​ X X 2 X X 1 X X 7 X X ​ X X
Format support strategy ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
9 Pricing strategy 1 X X 1 X X 2 X X 8 X X 1 X X
10 Appropriability strategy ​ X X 1 X X 1 X X 4 X X ​ X X
11 Timing of entry ​ X X 2 X X 2 ​ X 7 ​ X ​ ​ ​
12 Marketing communications ​ X X 2 X X 1 X X 6 X X ​ X X
13 Pre-emption of scarce assets ​ X X ​ X X 1 X X 5 X X ​ ​ ​
14 Distribution strategy ​ ​ ​ ​ X X 1 X X 4 X X ​ X X
15 Commitment ​ X X 2 X X 1 X X 6 X X ​ ​ ​
Other stakeholders ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
16 Current installed base ​ ​ ​ ​ ​ ​ 2 X X 7 X X ​ X X
17 Previous installed base ​ X X ​ ​ ​ 1 X X 4 X X ​ X X
18 Big fish ​ X X ​ X X 1 X X 3 ​ X ​ ​ ​
19 Regulator ​ X X 2 X X 1 X X 6 X X ​ ​ ​
20 Judiciary 1 ​ X 1 ​ X ​ X X ​ X X ​ ​ ​
21 Suppliers ​ X X 2 X X 1 X X 4 X X ​ X X
22 Effectiveness of the standard development 

process
​ X X 1 X X ​ ​ ​ 4 ​ X ​ ​ ​

23 Diversity of the network 1 X X 2 X X ​ X X 8 X X 1 X X

G
. van de Kaa and H

.J. de Vries                                                                                                                                                                                                            
Computer Standards &

 Interfaces 95 (2026) 104043 

4 



Table 3 
Global weights of factors for standard dominance during each stage of the TLC.
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Table 4 
Consistency ratio result.

Phase R&D Build up Technical feasibility Creating the market Decisive battle Post-dominance

Expert 
1

Expert 
2

Expert 
3

Expert 
1

Expert 
2

Expert 
3

Expert 
1

Expert 
2

Expert 
3

Expert 
1

Expert 
2

Expert 
3

Expert 
1

Expert 
2

Expert 
3

Categories Input-Based CR 0,17 0,13 0,20 0,20 0,20 0,35 0,20 0,17 0,19 0,20 0,15 0,50 0,19 0,10 0,33
Associated 
Threshold

0,27 0,27 0,20 0,20 0,20 0,20 0,20 0,15 0,25 0,20 0,20 0,17 0,25 0,27 0,20

Characteristics of the format 
supporter

Input-Based CR 0,22 0,15 0,20 0,19 0,17 0,35 0,17 0,19 0,20 0,21 0,19 0,33 0,00 0,00 0,00
Associated 
Threshold

0,27 0,27 0,20 0,25 0,27 0,20 0,15 0,25 0,20 0,25 0,25 0,20 ​ ​ ​

Characteristics of the format Input-Based CR 0,20 0,15 0,12 0,00 0,20 0,26 0,20 0,45 0,17 0,20 0,21 0,20 0,20 0,00 0,10
Associated 
Threshold

0,20 0,27 0,25 ​ 0,20 0,25 0,20 0,20 0,17 0,20 0,27 0,20 0,20 ​ 0,20

Format support strategy Input-Based CR 0,20 0,15 0,21 0,21 0,17 0,21 0,22 0,21 0,30 0,22 0,22 0,31 0,20 0,00 0,35
Associated 
Threshold

0,25 0,33 0,32 0,31 0,35 0,31 0,35 0,31 0,31 0,35 0,35 0,31 0,20 0,17 0,20

Other stakeholders Input-Based CR 0,22 0,15 0,73 0,19 0,21 0,19 0,21 0,17 0,14 0,21 0,21 0,21 0,20 0,17 0,31
Associated 
Threshold

0,35 0,35 0,34 0,30 0,33 0,30 0,31 0,35 0,34 0,36 0,36 0,36 0,20 0,27 0,25
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5. Discussion and conclusion

This paper relates factors for standard dominance specified by van de 
Kaa et al. [13] to the different phases of the dominance process as 
defined by Suarez [12]. We find that experts believe that at the begin
ning of the technology life cycle, it is important to use financial re
sources to invest in R&D so that a technologically superior prototype can 
be developed. At the moment that the first prototype has been intro
duced, it is important to constantly adapt that prototype and therefore 
keep it flexible. We conclude that when standards are developed in these 
first two phases, they should not be too restrictive and, e.g., leave 
enough room open for adaptations. At the moment that the first product 
(in which the standard is implemented) is launched all factors for 
standard dominance are equally important but as the battle progresses 
the importance of increasing installed base and the supply of comple
mentary goods becomes greater. Once a standard has achieved domi
nance it is important for companies producing products in which this 
standard is being used to maintain that dominant position through 
marketing and pricing of their standard-based products.

5.1. Theoretical contributions and practical implications

This paper shows that most of the factors for standards dominance 
are relevant during all phases of the dominance process but that their 
relative importance differs. This is the first study to attach weights to 
these factors in all dominance stages. We contribute to the literature on 
standards battles in two ways. First, this is one of the first times that 
empirical research has been conducted on factors for standard domi
nance in the different stages of the dominance process (exceptions being 
[9,33,42]). It appears that most factors mentioned in van de Kaa et al. 
[13] are not only relevant in the actual market battle but also before and 
after.

In standards-based markets, the uncertainty that is attached to 
choosing the ‘right’ standard can be very high. This study decreases that 
uncertainty by providing an indication to managers which factors are 
expected to be important during which phase of the dominance process. 
By applying our results, companies can evaluate their position with 
respect to each factor in each phase of the dominance process and they 
might adjust their strategy by influencing certain factors, enhancing 
their chances to win the standards battle, or conclude that they have no 
serious chance of winning, the latter can be an important insight as well.

5.2. Limitations and future research recommendations

The method used makes use of pair-wise comparisons by three ex
perts, familiar with both theory and empirical cases. However, other 
experts might have complementary experiences and insights. Therefore, 
ideally, the approach should be replicated with other experts, both from 
industry and academia. Involving them will not be easy, however, 
because the number of real experts is very limited, and making the 
comparisons took each expert several hours, so it is uncertain if other 
experts will be willing to spend this amount of time. They would need 
even more time if they also commented on their evaluations, but this 
would be great because it would provide the story behind their 
assessments.

From Table 1, it appears that most studies focus on the fourth phase. 
However, our results also point to the relevance and importance of 
factors for standard dominance in phases 1, 2, 3, and 5 of the technology 
dominance process, a topic for future research. A next step could be to 
re-study existing cases, using the findings of our study or, even better, 
also using findings from replication studies, would allow not only to 
better understand those historical cases but also to test our model [43]. 
Finally, although most researchers focused on one specific stage in the 
technology dominance process some papers focused on multiple stages. 
For example, a paper written by Amankwah-Amoah [44] on standards 
for the mobile data storage (floppy disks) discusses the importance of 

technological superiority during the 3rd, 4th and 5th phases during the 
demise of the standard. The most relevant paper was Den Uijl and de 
Vries who have studied the battle between Blu-ray and HD-DVD and 
address all subsequent phases of the technology dominance process. De 
Uijl [31] also studied the case of MP3 (compressed audio files) and the 
battle between SA-CD and DVD-Audio (high-definition audio platforms). 
In a more or less similar way, other scholars studied the competition 
between enterprise reference architectures [32,33]. Our paper contrib
utes to these studies by adding weights of factors for design dominance 
in each of the five stages. Future research is encouraged to study more 
longitudinal cases of standards battles focusing on multiple stages of the 
technology dominance process.

Another question is to which extent these factors and their weights are 
case-specific and develop during the years. Case descriptions suggest that 
indeed, factors differ per case, and it is plausible that this applies to 
weights as well. But they do not differ at random. Patterns do apply and 
the weights we found reflect these patterns. Some of these patterns may 
change over time. On the one hand, our approach can be used to inves
tigate old standards battles like the ones between direct and alternating 
current or between different railway gauges. Next, standards battles were 
often related to ‘duo products’ in consumer electronics (a core product 
related to a complementary product, like a cassette desk and an audio 
cassette). Meanwhile, the digital revolution has lead to complex systems 
for which standards are indispensable and for which standards battles will 
continue to occur. Another move, from linear economy to circular econ
omy, further enhances the need for standards for interfaces between el
ements of the system. Here ‘Design for X approaches’ apply: a current 
design that prepares for the future, e.g., Design for Maintenance, Design 
for Disassembly and Reassembly, Design for Remanufacturing or Design 
for Adaptability [45]. Such approaches relate to the ‘Rs’ in circular 
economy (Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanu
facture, Repurpose, Recycle and Recover), and to the main concepts in 
Product Variety Management: Component commonality, Modularization 
and Platforms. These concepts rely on stable interfaces between parts of 
the system, thanks to standards. The circularity extends the variety of 
relevant stakeholders and the time period during which these standards 
preferably remain unchanged (while innovation can continue for the 
interconnected system parts). Future research could follow a similar 
approach as the one applied in this paper for different cases in different 
time frames and compare the results, investigating whether weights differ 
during the years and in these different increasingly complex contexts. 
First candidates would be technologies with different ‘generations’, such 
as game consoles [46,47], For complex systems, ‘smart’ systems are 
candidates. Examples include smart homes, smart industry and smart 
cities. Related to circular economy, this topic is notably missing in the 
current standardization roadmaps [48]. Machine-learning provides 
interesting opportunities for forecasting the outcome of standards battles; 
Dai, Qualls and Zhu do a first attempt [49].
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