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Abstract

There is controversy among scientists whether staisdand regulations hamper or
stimulate innovation. We investigate the direc¢@fbf standards and regulations on
the development and diffusion of radically new Higth products. The radicalness
and degree of inter-relatedness of the technolagyhese products are found to
moderate this direct effect. The focus is on pistiey standards and regulations,
i.e., the standards and regulations available ia thdustry prior to the development
and diffusion of the products and therefore alsb sgecific for these products. The
effect on development and diffusion is assessestnms of the time interval between
the invention of a technological principle and theroduction of the first marketable
product based on that principle (development phama) the successive time interval
that covers the period up to the start of industnmoduction and large-scale
diffusion (adaptation phase). We analyse fifty togfeneous cases of radically new
high-tech products from the year 1850 onward. Gagults indicate that pre-existing
standards and regulations significantly shorten dgld@ptation phase; this effect is not
found for the development phase. The effect oadhptation phase is moderated by
the radicalness and the interrelatedness of thartelogical system required for the
product. That is, pre-existing standards and regates shorten the adaptation phase
in particular for products that are part of radidgl new (at the time of their
introduction) and interrelated technological systerAs the adaptation phase is often
a time- and capital-intensive phase for industryis taccelerating effect on the
diffusion is highly relevant for innovation managend policy makers.
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1. Introduction

The question whether standards and regulations é&amp enable the development and
diffusion of radically new high-tech products hasated controversy among scientists. The
policy and managerial importance of resolving ttestroversy goes undisputed. The nature
of the relationship needs further clarification.tiMihis paper we contribute towards this goal.
We focus onpre-existingstandards and regulations. Pre-existing standamdsregulations
refer to the prevailing set of standards, rulessland conventions available in an industry
prior to the development of a product. These masehzearing on interoperability between
complementary products and services, compliancgatety and quality requirements in an
industry, and so on. Because these standards audiatien are available prior to the
development of a product they are also not spefofidhat product. Pre-existing standards
and regulations are part of the industry conditionghich a product has to evolve.



We focus on radically new high-tech products. Toet@ceptive pill and Nylon, for example,
have in common that, at the time of their introductthey were radically new in the market and
state-of-the-art in their respective disciplinesdially new in the market means that their
functionality was new to the market or the pricefgrenance ratio was much better than that of
contemporary products. State-of-the-art in thespeetive disciplines means that the products
were based on new technical principles (e.g. coarigon using hormones) or were based on an
existing principle but with a much better pricefpemance ratio. Following the typology
proposed by (Garcia and Calantone, 2002) we thereéder to them as radically new.

In some cases, such as SMS, pre-existing standamds regulations can facilitate the
development and diffusion of radically new highktgaroducts. SMS is a short message text
service sent via the D-channel of the ISDN netwartocol, a channel that was originally
meant for traffic control only. The availability tiiis standard and of regulation regarding the
structure of the telecommunication network easeditvelopment and diffusion process of the
SMS-service (Brusoni and Corrocher, 2006; LacoWéskeford and Pearson, 2003; Taylor and
Vincent, 2005). However, in other cases pre-exgssitandards and regulations can hamper the
development and diffusion of radically new highktgroducts in an industry. Kay (2002) and
Constant (1980), for example, illustrate this wikpect to the jet-engine developments in both
Germany and Britain at the start of the Second 8@rar. In both countries the entire military
air force system was organized around propellergpedvairplanes.

A key issue in the afore-mentioned scientific debsthat some scholars perceive standards and
regulations as limiting variety and, more speciligaas restricting innovation (Temple, 2005)
and product variety (Woélker, 1996), while otherswithem as allowing the build-up of critical
mass and enabling economies of scale (e.g., SvZ&00, Blind, 2004). A possible cause for
these contradictory findings is the lack of speittifi about the timing of standardization and
regulation. Standards and regulations may alreaynlplace at the time of the invention.
However, they may also be developed and effectustadater stage (Egyedi and Sherif, 2010).
Whereas the adverse effects of standardizing andateng too early or too late are well-noted
(Blind, 2004, p.40), no systematic enquiry has beade into the way pre-existing standards
and regulations influence different phases in thecgss of development and diffusion of
radically new high-tech products (West 2003; Temp®5).

From a scientific perspective it is highly relevamtresolve the controversy and clarify in what
situations and manner pre-existing standards agulatons affect development and diffusion.

Better insight into their effect may help desigstitutional and policy frameworks that can

better catalyse development and diffusion processash frameworks are needed to support
more effective innovation policy at the governmeatal company level.

In this article, we aim to clarify a few issuesttblud the debate. In particular, we explore the
effect of pre-existing standards and regulationshentime required for different phases in the
trajectory of development and diffusion of radigalew high-tech products. We investigate this
effect for a heterogeneous set of cases from diftdristorical periods and industries.

The article is structured as follows. In the neatt®n, we address theoretical considerations,
such as the controversy about the impact of stdadard regulations on innovation. In section
three and four we present our methodology and r&sdiadings. In section five, these findings
are then illustrated in two cases. We close withraclusion and discussion section and a section
on future research.



2. Theory

2.1 Debate on the effect of standardization and regulation on innovation and diffusion

Past studies are not unanimous about the effecstarfidardization and regulation on
development and diffusion, as overviews of thediigre show (Swann, 2000, 2010; Blind,
2004; SOU, 2007). Some emphasize the terse resfilpietween the two, and in particular
the inherent variety reducing effect of standarntliraon creating novelty, which is a key
characteristic of innovation. Standards can be sagnfreezing or fixing technology
development (Hanseth, Monteiro and Hatling, 1996;\ies, Verhagen and Beerepoot,
2008). Blind’s provides a list of authors that st@ndardization as constraining innovation
(2004, Table 4.1, pp.22-26), and argue that standsron limits product diversity and
consumer choice (e.g., Wolker, 1996). Where deofat@indards are concerned, this may lead
to market concentration and monopolies (Blind, 2004£2). Monopolies impede the
transition from an old to a new technology (vendack-in) and reduce incentives to
innovate. Where committee standardization is caremkrhowever, on closer scrutiny many
of the negative effects mentioned by Blind (2004) ot the consequence of standardization
per se but of wrong timing, an ill-advised choi¢evbat is to be standardized, a ‘politicized’
standards process, or of the way standards aresingpited in products or services. Thus,
Senden and Wadckel (1997) speakimfitexible standardization that “cement[s] the state of
technology” and “cut[s] down on other variationsthe interest of standardization”; and
Salop and Sheffman (1983) point to the possibleiweace of ‘regulatory capture’, whereby
minimum quality standards (e.qg., for safety) aréngel in a way that highly raises the costs
of innovation for rivals. In an attempt to weed dlitargeted standardization and misuse of
standards in their studies of the impact of conmeritstandardization on innovation, some
authors use the term ‘effective standards’ to iaic¢heir focus (Swann, 2000, 2010; SOU,
2007).

Reviews of the field also highlight findings clammgi that standardization enables technology

innovation (Swann, 2000, 2010; Blind, 2004; SOW20 As summarized by Swann (2010,

p.9):
"standardization helps to build focus, cohesion amtdical mass in the formative stages
of a market (e.g., Krechmer 1996; Swann and Wa@)2). Standardization of
measurements allows innovative producers to demaiesto the satisfaction of the
customer that products are as innovative as thaincto be (e.g., Tassey, 1982; Swann,
1999). Standardization codifies and diffuses stdtthe art technology and best practice
(e.g., Krechmer 2000, 2005; Blind and Grupp, 20@pen standards are desirable to
enable a competitive process of innovation-led gho¢e.g., Krechmer, 1998; Swann,
1990)".

The question why standardization enables developraad diffusion, here confined to
committee standardization, seem to hinge on twostanhbially different explanations.
According to the first explanation, standards aensas an infrastructure, a shared basis for
technology development. According to this line @isoning, standards are a means to reduce
transaction costs, facilitate trade, build criticahss and allow economies of scale. The
second explanation focuses on standards as emigesdionmation that spurs development
and diffusion. According to this line of reasonimsgandards codify and share state of the art
scientific and engineering knowledge which is mutise by innovators.

In this paper, we empirically explore the impacipoé-existing regulations and standards on
development and diffusion. In this area, Swann Q2Ghd others (DTI, 2005; King, 2006;



Swann and Lambert, 2010) have done pioneering woddk.address the question ‘Do
standards enable or constrain innovation’, Swaratyaas the response of companies to two
guestions in the Community Innovation Survey (Clg&;jod 1998-2000; DTI, 2005, p.80).

Question 8.1 asks the respondent to comment onge raf factors that may inhibit the enterprise’dighto
innovaté, including the ‘Impact of regulations or standard$e respondent is asked to grade the importance
of these constraints.

Question 12.1 asks respondents to rank the diffex@urces of knowledge or information used in irat@n
activities. The sources include ‘Technical standarHealth and safety standards and regulations, | and
Environmental standards and regulations’.

Swann demonstrates that the two issues are pdgiteerelated. Respondents saying that
standards are a source of information for innovataxtivities also indicate that these
standards and regulations constrain their innoma#ictivities, and vice versa (DTI, 2005;
Swann, 2010, p. 10). Swann and Lambert (2010) thereephrase the research question as
‘Why do standards enab#nd constrain innovation?’

King (2006) specifies why this may be the casengsidditional CIS data on the ‘effects of a

firm’s innovation activity’ (King, 2006, p. 72-73he concludes:
“It is clear that the pattern for the constraint pused by regulations paralleled that (...)
for the use of standards as a source of informatidms suggests that those who make
use of standards to help them achieve a particgtal feel to some extent constrained by
them. Moreover, Swann argued that the ‘informinggl aconstraining’ roles of standards
were complementary, and these results supportlaiscStandards documents provide
guidance and stipulations concerning best practaresnsuring rigorous quality control,
and specifications to enable compatibility and mmiam levels of performance. Hence,
standards inevitably constrain a firm’s activitidghey wish to receive the benefits that
standardization brings. Finally, regulations mayde firms to innovate and adapt their
practices in order to comply with regulation, and such circumstances firms are
necessarily constrained by regulation. In essenag&ing account of standards and
regulations is part of the routine that succes$ifuhs follow.” (King, 2006, p. 76)

In sum, according to this set of studies, the goesthether standards and regulations enable

or constrain innovation contains a false antithéSiwann and Lambert, 2010, p. 371).

Standards and regulations can at the same timecbestraining as well as an enabling force

for innovation.

2.2 Process of development and diffusion

The timescale for the development and diffusioradically new high-tech products can vary
widely. Some of these products show a life cyckt timfolds within a few years while for
other products this may take more than a centuifferént types of life cycles have been
distinguished in the literature. Sahal (1981), dsample, describes how the performance of
technological products progresses over time. Tieesdhat stylized result is the well-known
smooth S-shaped performance curve. The idea thiferatit types of innovations
(incremental and radical) can be distinguished he development and diffusion of
technological systems is widely recognized (Abdmand Utterback, 1978; Tushman and
Anderson, 1986; Tushman and Rosenkopf, 1992; Tuskthal, 1997) and is referred to as
the punctuated equilibrium perspective. Based oesdhconceptual notions, Ortt and

sou (2007, p.143) questions the use of such corgqgsestions in the CIS (i.e., about regulationssaaddards), and the
lack of clarity of these terms (e.g., nothing iglsgbout the existence of different types of stads@r on how they may
inhibit innovation). In a similar vein, Swann andrhbert (2010, p.372) reflect that ‘inhibiting inmdon’ in question 8.1 is
probably not read as ‘preventing’ but rather asm&tmaining’ options — given the research findings.



Schoormans (2004) propose a model in which threasgs are distinguished in the
development and diffusion of radically new highktgaroducts: the development, adaptation
and stabilization phase (see Figure 1).

Development phase Adaptation phas Stabilization phase
Cumulative
er centage
gf adopti%n Market Introductio
T
T=0 (invention) — Time (in years)

Figure 1: Phases in the process of innovation and diffusion

The development phase comprises the period fronmtreation of a technological principle
up to the first application of that principle inn@w high-tech product in the market. The
invention is defined to be the first time the waigiof the main components of a product is
demonstrated in practice. In many cases, the irerg merely the demonstration of a crude
working principle that is far from a marketable gwot or useful process. The second phase,
referred to as the adaptation phase, begins afdlirst application of the product in practice
and ends when the application of the product takie#\fter the first application, instead of a
smooth S-curve, in practice an erratic processifbfision may occur (Clark, 1985). The
diffusion is often characterized by the perioditraduction, decline and re-introduction of
multiple products in multiple small-scale applicas, as is illustrated with many
telecommunication products and services (Carey Miods, 1985). These products are
produced in relatively small batches. In standaftuglon models the adaptation phase is
often omitted although our previous work shows tha80% of the cases this phase can be
distinguished (Ortt, 2010) and lasts about a decadaverage. The third phase, referred to as
the stabilization phase, begins when the new haegh-product is produced on an industrial
scale and the diffusion of the product takes offisTphase ends when product type is almost
completely substituted. In this phase, the diffnsid a product most closely resembles an S-
curve. Similar phases are distinguished by Agaraval Bayus (2002) and Tushman and
Anderson (1986), however, their phases are spe#ific certain industries, while our
description of the process of development and siifiu is applicable to widely different
industries.

The first phase is called development phase becdussfers to the development of a
marketable product on the basis of the inventinrcdntrast, innovation refers to the creation
of new products, which can happen throughout thieeeprocess. Innovation can refer to the
creation of radically new products (during the depeent phase) and to the creation of
incrementally new products (during the adaptatiod atabilization phases). The second
phase is called adaptation phase because in thseph a kind of trial and error process,
product variants are adapted to meet the needsecffic customer segments. The third phase
is called stabilization phase because in this phlibsetype of product and the customer
segments are more or less crystalized and atteriionses on optimizing production,
distribution and marketing.



It is important to realize that the pattern is genbut in practice can take different forms. In
specific cases of radically new high-tech produhbes development phase or the adaptation
phase does not appear in the pattern. Medicinesexample, often require a long time to
develop, but once they pass all development stepsliffusion can take off immediately. In
that case, the adaptation phase is omitted fronpalftern. Some exceptional inventions can
almost directly be developed into a marketable pctdAn example is dynamite that was
introduced within a year after its invention. Iratltase, both the development and adaptation
phase are omitted. Finally, some inventions nevakenit into the stabilization phase. The
mechanical television, for example, was availabde experimental product but became
outdated before diffusion started. The mechanieddvision technology was completely
substituted by its electronic successor.

In this article we focus on the first two phaseshaf process. These are also referred to as the
pre-diffusion phases. The development phase is rnitapo because in this phase the
technological principle embedded in the inventienfurther refined and turned into a
marketable product. The adaptation phase is impblacause in this phase the product is
matched with the needs and wants of particularooost segments and the system of
complementary products and services is put intotig&a We will focus on the effect of pre-
existing standards and regulations on the lengthexe two phases.

2.3 The effect of pre-existing standards and regulations on the process

‘Pre-existing standards and regulations’ refer he set of standards, rules, laws and
conventions available in the industpyior to the development of a radically new high-tech
product. That is, these standards and regulationsodl specifically target the new product
but can be a basis for its further developmentfeeéht lines of reasoning may explain why
pre-existing standards and regulations might enableamper innovation and, accordingly,
lengthen or shorten the development phase, i.glthee from invention to first introduction.

On the one hand, these standards and regulatiopsoméain requirements that have to be
met and therefore lengthen the development phaseth® other hand, standards and
regulations may also limit the options to be exgtbduring the development phase and
thereby shorten it. The net result of these tweatff is as yet unclear.

In a similar vein, different lines of reasoning che followed to argue why pre-existing
standards and regulations might shorten or lengtte@daptation phase, i.e., the phase from
an innovation’s first introduction up to a prodwcthitial industrial production and large-
scale diffusion. On the one hand, standards andlatgns might facilitate the process of
mutual adaptation of product variants and custorsegments, and they might ease
interoperability between complementary products sediices if they are informative and
contain guidance on the design, construction psyaggplication requirements and/or use of
the radically new high-tech product. This inforroatiwould prevent the emergence of
competition between alternative designs of the pevduct and facilitate its use for specific
applications. Hence, pre-existing standards andlaggns could shorten the adaptation
phase. On the other hand, standards and regulatohd also hamper this adaptation process
if they are incompatible with the new product amsl intended use. Hence, pre-existing
standards and regulations could also lengthendaptation phase.

In sum, there are grounds to argue that pre-egisttandards and regulations can both
stimulate and hamper innovation, and thereforetshaas well as lengthen the development
and adaptation phase, respectively. Pre-existiagdsirds and regulations that can be built
upon (and provide initial clarity about the desgpace, including design requirements) and



are well-aligned with the new product and its aggdion context are most likely to have a
stimulating effect and shorten the developmentadaptation phase.

Hypothesis 1: Pre-existing standards and regustibat can be built upon in developing the
new product will shorten the development and adaptgphase.

For certain products, pre-existing standards agdlations are likely to be more important
than for others. In particular, if new products sr@perate within technological systems that
have a high degree of technical interrelatednedsraardependencies, an additional layer of
complexity is involved. We expect that for such quots the effect of standards and
regulations on the length of the adaptation andeldgvnent phase is likely to be more
prominent. That is, we view “interrelatedness dkeehnological system” as a variable that
moderates the effect of pre-existing standards eegllations on the length of the

development and adaptation phase. Furthermore, xpece that for product innovations

based on more radically new technologies, predegigtandards and regulations will have a
more prominent effect.

Hypothesis 2: Increased interrelatedness of thkntdogical system to which the product
belongs, will reinforce the effect of pre-existisgandards and regulations on
the length of the development and adaptation phase.

Hypothesis 3: Increased technological radicalmesbe product will reinforce the effect of
pre-existing standards and regulations on the ten§tthe development and
adaptation phase.

All three hypotheses are shown in Figure 2. Hypaithé indicates a direct effect from the
pre-existing standards and regulations on the teafjthe development and adaptation phase.
Hypothesis 2 and 3 indicate that the strength @& pinevious effect depends on two
moderating variables, i.e. the interrelatednegb®technological system and the radicalness
of the technology involved.

Radicalness of the
technology in the product

Pre-existing standards S Length of the development phase
and regulations Length of the adaptation ph:

Interrelatedness of the
technological system
required for the produt

Figure 2: Model of how pre-existing standards and regulatistnsombination with two moderating variables
determine the length of the development and adaptahases.



3. Method

3.1 Data gathering

To explore the impact of pre-existing standards amgulations on the innovation and
diffusion process, we selected fifty cases of raltihjocnew high-tech product. Because a more
heterogeneous set of cases promised to delivegrrioBights, cases were chosen that differ
with respect to industry sector and time of intrcttin. The selected industries were (1)
‘Materials’, including chemicals, materials and alst (2) ‘Pharmaceuticals’, including
medicine and healthcare equipment’; (3) ‘Telecomications, including telecommunication
products and services, and (4) ‘Electronics’, idatg electronic components and products.
These industries differ strongly in the way newdurcis are developed and introduced. For
example, the (relative) length of their developmemd adaptation phases differs significantly
(Ortt et al., 2009). Regarding the time of introtilmie, to avoid anachronism, cases were
selected based on timeslots from the mid-nineteeethtury onwards. This period can
reasonably be argued to be a starting point forymiadustries. Telegraphy, one of the first
forms of electronic telecommunication, was appfresn then on (Huurdeman, 2003). In the
same period, semi-synthetic materials such as ceiitdose started to be systematically
investigated. These materials are the precursanmsoaiern chemical industry (Friedel, 1983).
Similar arguments apply to pharmaceuticals andreleics.

For each industry we identified radically new higich products. Of these about a dozen
cases per industry were selected for further aisalyor each case we did an extensive
literature search. We systematically searcheddorces using several case-related keywords.
To start with, a wider search was done by combimiffgrent names for the same product
with the keyword ‘history’. More specific searchisglowed that combined the different
product names with the keywords ‘invention’, ‘irdtaction’, ‘diffusion’, ‘innovation’ and
‘development’. From these search results, a seleetas used for further study.

In total, we examined fifty cases. Per case weyaedl and cross-checked multiple sources to
assess the approximate year of invention, intradaand the start of industrial production
and large-scale diffusion. These three hallmarkneethe development and adaptation
phases, the lengths of which are hypothesized taffeeted by pre-existing regulations and
standards. The timeline was further used to analyseactors and factors relevant for the
development and diffusion of the radically new pradinnovations. This resulted in a set of
chronically ordered case descriptions. The casgieglcover unique elements for each case,
but we also decided to gather similar data for ¢hses in order to compare them. To
systematically analyse all cases, we used the Zstases to form a list of questions that
represented characteristics of the new high-tecHymt, its competitors, the characteristics of
the companies involved, and the relevant markegbfacand actors during the development
and adaptation phase. Standards and regulatiores faend to be important market factors
and that is why we added these aspects in our @isalyor all of the aspects alternative
answers were assessed, enabling coding and fumtiadysis of the multi-case study results.
After this analysis tool was completed the set@tases was analysed.

3.2 Variable formation

Pre-existing standards and regulations

For each case, the relevance of pre-existing stdadand regulations was examined,

described and coded. The procedure was as follbws:experts were asked to read the case
description and score the two questionnaire itemstle pre-existence of case-related

standards and regulations (see the box below).dtiee experts typically had expertise in



the case-related industry area. The other expesthetd constant for all cases in order to
ensure a consistent assessment across cases. frointbe cases, the expert evaluations
coincided; yet in some cases discussion was ndededch agreement.

Operationalization of pre-existing standards and regulations

The availability of pre-existing standards on diffiet levels (e.g., OSI for telco system) with retr diverse
aspects of the system that can be used when thediegy is applied.

1. Verylarge

2. Large

3. Not large or small

4. Small

5. Very small

The availability of pre-existing regulation thaihdae used when the technology is applied.
Very large

Large

Not large or small

Small

Very small

arONE

The item correlation was very high (r=0.76; p=0.00he items formed a very reliable scale
(alpha=0.86), which is important as this scale wasd to assess whether pre-existing
standards and regulations have an effect on thelaf@went and adaptation phase.

Interrelatedness of the technological system remglifor the product

Next we formed two subgroups of cases based ofirttegrelatedness of the technological
system required for the product’. This variable viased on three questions (items), with
answers from 1-5. The items formed a very religolde (alpha=0.92).

Operationalization of the interrelatedness of the technological system required for the product

The technology can be classified as:

1. A singular material (like Kevlar).

2. An alloy or a mixture of materials or substancése(imemory metal).

3. Asimple assembled component or product (like aott nut, ski, can, paperclip).

4. A complex assembled component or product (likeip cha car).

5. A system consisting of a combination of many prasland services (like a telecommunication or raflwa
system).

Physical network requirements for large-scale apfibn of the technology.

1. Verysmall (no network requirements).

2. Small (like compatibility with some peripheralstopls).

3. Not large or small (like dealer/service networkhngpecial tools for specific cars).
4. Large (like a hardware software requirements foraP video).

5. Very large (like large-scale infrastructure for &Relecom or transport).

Degree to which compatibility of the technology lwitomplementary technologies is important for wédale
diffusion.
1. Very unimportant (technology can function completaiand-alone).

2. Unimportant (technology should be compatible gittme peripherals).

3. Not (un)important

4. Important (technology can function standalone auitha network but should be compatible
with some peripherals and/or software).

5. Very important (technology should be compatiblenvétlarge system consisting of a network,

peripheralther appliances, software, and so on).




Radicalness of the technology in the product

The ‘radicalness of the technology in the produeffers to the degree in which the
functionality provided by the technology is considered as nethénmarket, it refers to the
degree in which thproduct typebased on the technology is considered as neweimtrket
and it refers to the degree in which the technolaylifferent from closest alternative
technology available in the market.

The radicalness of the technology is assessedeatirtie the first product based on the
technology is introduced. We formed two subgroupsases based on the ‘Radicalness of
the technology in the product’. This variable wasnfed by three questions (items), each
item ranging from 1-5. The items formed a reliaddale (alpha=0.79).

Operationalization of the radicalness of the technology in the product innovation

The newness (i.e. newness to the world) of thetfonality provided by technology at the time ofroduction.
The functionality refers to the function that isrfoemed (like moving/transport, communication, gexte or
transform energy, and so on).

1. Standard, well-known functionality (clothing: frasilk and cotton to nylon).

2. Known functionality with minor extensions (storidgta: from gramophone to cd).

3. Known functionality, major extensions (e.g. fromasdic to digital photography).

4. Known functionality changed fundamentally (e.g.nfrgramophone to interactive cd).

5. Totally new functionality (telecommunication: frdetters to telegraphy to telephony)

The newness (i.e. newness to the world) of the ymbithcorporating the technology at the time ofdduction.
The term ‘product’ can also refer to a componenirocess.

1. Same product (new product in terms of price/penorce but not in form).

2. Renewed product (new product likéaager propeller-powered airplane).

3. New product (product is renewed considerabl tthe first jet-powered air-
plane in comparison to airplane with prope)lers

4. New product type (new type of product in existaagegory, like the first

helicopter as a new type of airplane).
5. New product category (new product category is Emtike the first airplane).

In comparison to the closest alternative technolmpilable before the first introduction of the neeghnology,
the new technology is

1. Far more simple.

2. More simple.

3. As simple or complex.

4. More complex.

5. Far more complex.

Length of the development and adaptation phase
Finally, the lengths of the development and adapigbhase were assessed in terms of the
time-interval (in years).

3.3 Analyses

Two analyses were carried out. The first one fodusa the relationship between “the
availability of pre-existing standards and regalas’, on the one hand, and “the length of the
development and adaptation phase”, on the othaes. rEhationship was analysed using both
parametric and non-parametric correlations. Panaeneorrelations (Pearson’s r) are often
used for five-point scales. A parametric correlat@ssesses an effect assuming that the
variables are interval-scaled and the relationskiginear. Non-parametric correlations
(Kendall’'s tau and Spearman’s rho) assume thavahi@bles are ordinal-scaled (which is in
fact the case) and are also able to detect noarlimetationships.
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The second analysis further scrutinized the strenfthe above correlations by taking into
account the possible effect of the two moderatirsgiables: “Interrelatedness of the
technological system required for the product” dRadicalness of the technology in the
product”.

These variables were both formed by adding up tlees of the three 5-point scales. Two
groups of about equal size were formed for each ematohg variable. For the first
moderating variable, products based on a techrmdbgystem with a relatively large and
small degree of interrelatedness were distinguisii@d the second moderating variable,
products based on relatively radical and non-radieehnologies were distinguished. For
both groups we repeated the first analysis, asgp#se correlation between “the availability
of pre-existing standards and regulations”, ane ‘tdngth of the development and adaptation
phase”.

4. Results

4.1 Overview of the cases
The full set of fifty radically new high-tech procts is shown in Table 1 below.

Table 1: Cases of radically new high-tech products

L Time of Industry -
introduction | Chemicals, metals | Medicines Telecommunication | Electronic
& materials equipment equipment
1839-1900 - Nitroglycerine - Aspirin - Telegraphy - Phonograph
- Rayon - X-ray - Telephony
- Celluloid
- Gun cotton
- Dynamite 10
1901-1925 - Cellophane - Salversan - Radio telephony - Magnetic
- Monel - Insulin - Radio broadcast recording
- Bakelite - Vacuum tube 9
1926-1950 - Nylon - Penicillin - Electronic - Microwave oven
- Teflon television - Fluorescent light
- PET
-PVC
-DDT 9
1951-1975 - Kevlar - Paracetamol - GNSS (GPS) - Transistor
- Dyneema - Methylphenidate - Video Cassette
- Nitinol - Polio vaccine Recorder
- Minoxidil - LED
- Microprocessor
-LCD
- Plasma display 14
1976- - Twaron - Viagra - Bluetooth - Computer mouse
- SSRI (Prozac) - SMS -DVD
- Cellular mobile
telephony 8
Total 17 11 9 13 5(

For the 50 cases in the sample, the average |lefgte development and adaptation phase is
about 12.5 and 7.5 years, respectively. That &tithe required for radically new high-tech

products to start diffusion on a large scale afteinvention is roughly two decades.

11



4.2 Theimpact of pre-existing standards and regulations

To start with, we analyzed the relationship betwkka availability of pre-existing standards
and regulations” and “the length of the developnaard adaptation phase” using parametric
and non-parametric correlation methods (see Tgble 2

Table 2: Correlation between pre-existing standards and tetjons and the length of phases

Development phase Adaptation phase

Pearson Spearman’s | Kendall's Pearson Spearman’s | Kendall's

correlation | rho tau correlation | rho tau
Pre-existing -0.006 -0.147 -0.105 0.299 0.323 0.227
standardsand p=0.483 p=0.154 p=0.163 p=0.018 (*) | p=0.011 p=0.017
regulations N=50 N=50 N=50 N=50 N=50 N=50

(*) Significant correlations are indicated in badé

The results in Table 2 show that pre-existing statisl and regulations are not related to - and
therefore have no clear effect on - the lengthh&f development phase. This finding is
consistent for all three types of correlations.comtrast, a significant relationship is found
between ‘pre-existing standards and regulationsl ‘dme length of the adaptation phase’.
That is, hypothesis 1 is confirmed for the adaptaphase but not for the development phase.

4.3 The moderating effect of interrelatedness and radicalness

To further investigate the relationship betweere-pkisting standards and regulations’ and
‘the length of the adaptation phase’, we included tmoderating variables, interrelatedness
and radicalness of the technological system in whiee high-tech product fits. For both
variables, cases were divided in groups with loa high values (see Table 3).

Table 3: Case groupings based on interrelatedness and rauisa of the technological system.

Relatively low score on Relatively high score on
radicalness radicalness
Relatively low Kevlar Monel Nitinol Viagra 27
scoreon Nylon Teflon Aspirin Methylphenidate
interrelated- Bakelite Nitroglycerine | Penicilin Insuline
ness Dyneema Celluloid
Magnetic Paracetamol
recording DDT
(wire) Twaron
Dynamite Polio medicine
Cellophane Minoxidil
PVvC Salversan
PET
Rayon
SSRI
Relatively high | DVD LED GNSS Computer 23
scoreon Bluetooth Fluorescent Microwave mouse
interrelatedness | Transistor lamp oven Vacuum tube
SMS Guncotton Cellular Telephony
mobile Microprocessor
telephony LCD
(Electrical) Radio
Telegraphy broadcasting
Plasma tv Radio telephony
VCR Phonograph
Electronic
television
X-Ray
28 22 50
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Cases that are relatively low on interrelatednessnaostly coming from two industries:
Chemicals, metals & materials and Medicines. Catlet are relatively high on
interrelatedness are mostly coming from the telenanication and electronic industries. For
the other moderating variable, radicalness, a amdivision across industries cannot be
found. This means that all of the industries haases that are both high and low on
radicalness.

Our next step was to look at the relationship betwere-existing standards and regulations’,
on the one hand, and ‘the length of the adaptati@se’, on the other, for different values of
the moderating variables.

Table 5: Correlation between ‘pre-existing standards andulegions’ and ‘the length of the adaptation phase’
for cases with low and high values on the modegatiariables

Correlation between pre-existing | Products in systems with a Products in systems with a
standards and regulations and the relatively low score on relatively high score on
length of the adaptation phase interrelatedness interrelatedness
Pearson correlation 0.076; p=0.353; N=27 0.512;p=0.006; N=23
Spearman’s rho 0.024; p=0.453; N=27 0.643;p=0.000; N=23
Kendall's tau 0.016; p=0.457; N=27 0.463;p=0.002; N=23
Products with a relatively low Products with a relatively high
score on radicalness score on radicalness
Pearson correlation 0.216; p=0.270; N=28 0.389;p=0.074; N=22
Spearman’s rho 0.214; p=0.275; N=28 0.466;p=0.029; N=22
Kendall's tau 0.160; p=0.273; N=28 0.322;p=0.052; N=22

The results in the second row are consistent: fodyrcts in a technological system with
relatively low interrelatedness no effect of preésérg standards and regulations is found;
whereas for products in a technological system witklatively high interrelatedness a very
large and significant effect is found.

The results in the last row show that for prodwats relatively low scores on radicalness no
effects of pre-existing standards and regulatiores faund; whereas for products with
relatively high scores on radicalness a modestef$efound (almost significant effect for the
Pearson correlation and Kendall's tau and sigmtiedfect using Spearman’s rho).

5 Why do pre-existing standards and regulations shorten the adaptation
phase and not the development phase?

The goal of this section is to illustrate why preéséing standards and regulations can shorten
the adaptation phase while they do not have awrtedfethe length of the development phase.
Or conversely: To illustrate why a lack of pre-e¢ixig standards and regulations can lengthen
the adaptation phase while they do not have awctaffethe development phase.

We selected two completely different cases, cellolabile telephony and plasma screen.
Both cases are invented in the early 1960s and ahrelatively radical and part of a
relatively inter-related technological system. Prio the invention and introduction of
cellular mobile telephony, many pre-existing staddaand regulations were available. In
line with the results from the statistical analydigr this case the adaptation phase is
relatively short. In contrast, prior to the invemtiand introduction of plasma screens a
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limited number of pre-existing standards and retguia was available. In line with the
results from the statistical analysis, for thisectige adaptation phase is relatively long.

Table 6: Pattern of development and diffusion for two cases

Name Invent | Intro Start Length Length Industry Pre-
large- | development | adaptation existing
scale phase phase standards

regulations

Mobile telephony 1962 1983 1983 21 0 Telecom Many

Plasma tv 1964 1971 2001 7 30 Electronics Few

1 The score can range between 2 and 10. A scoreeBsrief the situation that many pre-existing stathsland
regulations are available, a score 10 refers tosihetion that almost no standards and regulatianmes
available.

5.1 Mobilecdlular telephony (many pre-existing standards and regulations)

In the history of telecommunication many relatedt ybfferent systems of mobile
telecommunication are developed, ranging from raelegraphy, telex to radio broadcasting
(Huurdeman, 2003). Mobile cellular telephony isaatigular technology that can be defined
in terms of its functionality:

Two-way voice contact (instantaneous and interagtiv

Mobility (car or pedestrian can carry mobile unit)

Interconnection with wired telephone system (apiiit call normal telephones)

Switching (ability to connect to a particular teheme)

Roaming /hand over (more seamlessly from one celhbther during contact)

agrwnE

The case of the cellular mobile telephony is charaed by a pattern of development and
diffusion with a long development phase (21 yearg) an extremely short adaptation phase
(O years). Many factors are found to be importantexplaining this particular pattern. We
are particularly interested in the effect of présérg standards and regulations.

Why a relatively long development phase?

After the first demonstration of the cellular ma@bielephony system in 1962, it took a long
time to introduce it in the market in 1983. At fisght it seems logic that a long period is
required for introducing a complex system that nexguan extensive infrastructure. However,
for the entire dataset of 50 cases we found naddnedationship between the length of the
development phase and the adaptation phase onnthéhand and the complexity of the
technology or the required infrastructure on theeothand. This means that complexity and
infrastructural requirements are generally notré@son why either the development phase or
the adaptation phase will become relatively longisTgeneral finding seems to be confirmed
for the particular case of mobile cellular telepion

We found several other reasons why the developmlease for cellular mobile telephony
took so long. In short, the perceived interests &mel leadership of the incumbent
telecommunication company (AT&T) in combination kithe influence of the FCC
responsible for allocating scarce spectrum delayed introduction of mobile telephony
considerably. These reasons will be explored inendetail.

AT&T, although it had all the resources to introdunobile cellular telephony, was not eager
do to so. Several authors describe this lack oéeegs. “AT&T had no incentive to develop
a wireless system of communication that would ¢iffety compete with what was arguably
the best landline telephone system in the worldgr@&on, 2003, p.177-8). “The leadership of
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the new AT&T organization simply never saw cellutetephony as a competence they
owned and could exploit” (King & West, 2002, p. 197

Several institutions blocked a swift introductiohroeobile cellular telephony. “(..) the FCC
contributed to the delay by failing to grant theessary spectrum in order to kick-start the
industry. This, in turn, limited the number of migbcustomers and thus prevented any new
service from fully developing. Some observers hargued that the FCC’'s lack of
responsiveness delayed the start of cellular tdoggpdoy as much as 10 years.” (Gershon,
2003, p. 178). The reason that FCC was reluctangrémt spectrum was its scarcity.
Television broadcast, emergency service such agdinee and the fireworks and the military
forces all required part of the spectrum. On toghat, spectrum for private and industrial use
of mobile telecommunication was also requested texhe public use. Furthermore, FCC
was reluctant to grant AT&T a monopoly position.vida(1988) describes how the FCC
because of that reason required the manufactundgsarvice providing part of AT&T to
break up in 1974. So, institutional constraints §¢y2000) together with a lack of leadership
by the AT&T management (King & West, 2002) delaykd introduction of mobile cellular
telephony.

It is interesting that, at the time when spectrurasvallocated, a strong market need
stimulated a swift process of building up. As autetarge-scale diffusion appeared almost
directly after introduction of the service meanthgt the adaptation phase was left out.

5.2 Plasma screens (few pre-existing standards and regulations)

In contrast to cellular mobile telephony, the caé¢he plasma screen is characterized by a
few pre-existing standards and regulations. Theepabf development and diffusion shows a
relatively short development phase (7 years) anelaively long adaptation phase (30
years). Several factors can be mentioned to exgharpattern.

“Looking back, the period from the initial inventiof the plasma panel in 1964 until the first
product delivery in 1971 was a remarkably shortetifiVeber, 2006, p. 271). This period
from 1964 to 1971 could have been even shorter ahgatent was granted earlier than 1971.
This is remarkable because the technology, atithe of its invention was fragile and not
ready to be introduced. “The devices made by thevdysity of lllinois proved the
fundamental concepts, but they were too fragilectonmercial products” (Weber, 2006, p.
270). This case shows again that complexity ofcartelogy is hardly the reason for a long
development phase.

The period from 1971 to 2001 required to enterphase of industrial production and large-
scale diffusion, is exceptionally long. “The techlogy struggled for decades and faced many
challenging problems” (Weber, 2006, p. 268). Contipet between alternative plasma
displays might be an important factor (Weber, 20@andardization could have possibly
removed that factor and thereby reduced the lenftthe adaptation phase. In addition,
competition with another technology, the LCD-scrgamved an important factor (Uchiike,
2002;Mently, 2002). “Monochrome plasma displays acquameputation for reliability and
later for low cost, but the market for monochronpthys was generally ceded to LCDs in
the 1980s” (Mently, 2002, p. 456).

5.3 Tentative conclusions from the two cases
The goal of the description of the two cases, tallmobile telephony and plasma screens, is
to explain our finding that pre-existing standaea&l regulations are related to a relatively
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short adaptation phase, while they are not haviegndar effect on the development phase.
These cases do provide a tentative explanatiomitutigsns in general, and standards and
regulations in particular are a considerable huml¢he development phase, but they can
speed up the diffusion process.

Especially in the case of mobile telephony, thestxg standards and regulation were all
geared towards existing (tele)communication sesvike television broadcasting and mobile
communication for military forces and emergencyw®es. It took a while to overcome that
barrier, but once the standards and regulationscpkarly for the new cellular technology

were in place it proved to speed up the diffusiorcpss.

In the case of the plasma screen, regulation amlatdization were less important. The first
products were introduced very quickly, but the cetitpn among alternative types of
plasma screens and with other technologies sutheasCD-screen slowed down diffusion
after the first market introduction. As a resufte tadaptation phase became relatively long.
The two cases indicate that (pre-existing) stargland regulations are a kind of hurdle
during development but, once there, stimulate diffa.

6. Conclusion and Discussion

On average, for a wide range of radically new higgh products, pre-existing standards and
regulations are associated with a short time iadeinom first market introduction to large-
scale diffusion and industrial production (refertedas the adaptation phase). A similar effect
is not found for the time interval between the mven and the first introduction of a
radically new high-tech product (referred to as tleelopment phase). So, pre-existing
standards and regulations have no overall effectthen development but can have a
shortening effect on the diffusion of new high-tgrhducts.

The direct effect on the length of the adaptatibmge is moderated by two variables: the
interrelatedness of the technological system irvland the radicalness of the technology in
the product. The effect of the second moderatimiplte is weaker. In short: the effect of
pre-existing standards and regulations on the lleafithe adaptation phase is very strong for
products based on interrelated and radically newrtelogical systems.

Methodologically, these results indicate a strond aonsistent effect. The direct effect of

pre-existing standards and regulations on the lengtthe adaptation phase is significant.

This is remarkable, especially if one realizes ttte variable ‘interrelatedness of the

technological system’ has no direct effect on #grgth of this phase. This interrelatedness, in
practice meaning that extensive infrastructuradragements and complementary product and
services are required for the product, would seanolavious cause of a long development
and adaptation phase, but again, that effect i$austd. The effect of pre-existing standards
and regulations is also remarkable taking into antthe relatively small sample size and the
heterogeneous character of the cases. In suchuatiait, the statistical power to detect

relationships is relatively small and only stroregationships can be detected. The results
regarding the moderated effect further confirm stgmificance of pre-existing standards and
regulations.

Scientifically, our starting point was Swann andmbeert's (2010) conclusion that the
guestion whether standards enable or constrainvatiom contains a false antithesis. The
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explanations offered by King (2006) and Swann aathhert (2010) indicated the enabling
and constraining influence of pre-existing standanad segulations. Our work further refines
this notion by indicating that pre-existing stardaand regulations can have different effects
in subsequent phases of the pattern of developarehtiffusion. We found that pre-existing
standards and regulations are related to a rebatsreort adaptation phase while a similar
effect for the development phase was not foundthEamore these effects are found to
depend on the characteristics of the technologigstem, in particular its interrelatedness and
radicalness.

But why do pre-existing standards and regulatiom®arily have an effect on the length of
the adaptation phase rather than the developmerstefhin order to interpret our statistical
findings we explored in more detail what happenedwo selected cases, mobile cellular
telephony and plasma screens. We found, for thalentsddephony case, that regulations and
standards in combination with the interests of mbant companies, can significantly delay
market introduction of new systems. We also found,the case of plasma screens, that a
lack of these regulations and standards may alleift ;itroduction, but a long adaptation
phase can then be expected because the lack dastaration will lead to a de facto battle
between competitive technologies. Further researateeded to verify these notions for a
wider set of cases.

The managerial and societal implications of thalifig that pre-existing standards and
regulations shorten the adaptation phase are mignif On average this phase lasts long — in
our sample the average duration of the adaptatiaseis 7.5 years - and can be a disastrous
period for pioneering companies attempting to coneiaéze their radically new product.
Many companies fail in this phase (Ortt, Shah aed\v2ld, 2007), especially pioneering
companies. The high failure rate among pioneeromgpanies is referred to as ‘the burnout
of the pioneers’ (Olleros, 1986). For radically névwgh-tech products this failure rate is
significantly higher than for companies that inwod incrementally new products (Pech,
2003; Tellis and Golder, 1996). Societally a lomg@tation phase is expensive and creates
much uncertainty about and delay in the applicabfovaluable innovations.

Furthermore, the finding that the benefits from-pxésting standards and regulations are
most significant for products requiring interrethtend radically new technological systems
deserves further scrutiny. Our results indicaté pine-existing standards and regulations have
a strong effect on the length of the adaptatiorsphia the telecommunication and electronics
industry. Additional analysis shows that the need dompatibility largely explains these
results. For products based on non-interrelatetintdogical systems compatibility with
complementary products and service is significalgbs important than for those based on
interrelated technological systems. This impliesatththe need for and presence of
compatibility standards, which are most commonhi@ telecommunication and electronics
industry, may play a determining factor for thedémof the adaptation phase. Follow-up
research is needed to further explore the diffeedigicts of different types of standards on
innovation.

7. Futureresearch
Our findings offer several avenues for future resieaFirst of all, we want to further explain

why pre-existing standards and regulations shdhieradaptation phase. Moreover, also the
development phase deserves our interest. Our sesdiicate that the development phase is
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rather long (for our sample the average lengthisf phase is about 12.5 years). Apparently
pre-existing standards and regulations do not ehdttis period. Our preliminary case-study
findings deserve further analysis by adding cases.

Second, while cross-checking our findings we fotimat the shortening effect on the length

of the adaptation phase was not only found fomdéads and regulations’ together but also
for ‘standards’ separately. We therefore proposallaw-up study that refines the variables

and their interrelations to increase insight irite timpact of standards on innovation. Thus,
the difference between pre-existing regulations staddards and their distinct effect should
be further examined. Where standards are concewedgcommend differentiating between

categories of standards, that is, between prodiegc(iptive) and performance standards;
measurement standards, minimum/maximum requirenséatsiards, classification standards
and compatibility standards. Of interest is whettestinct categories of standards have a
different impact on the development and diffusidémaalically new high-tech products.

Third, the previous provides a stepping stone &search on the key question ‘Does the
effect on innovation depend on the timing of conteatbased standardization?’ and for
contributing to the debate about standardizingstmon or too late. It would entail expanding
the current research from pre-existing standardsstendardization efforts during the
innovation trajectory, that is, during the devel@mt) adaptation, and stabilization phases.
These phases roughly coincide with anticipatoryndaads (agreed on in the development
phase), enabling standards (agreed on during tlaptatbn phase), and retrospective
standards (agreed on during the stabilization phd$es should be cross-checked with the
type of innovation involved (Egyedi and Sherif, 201 Does the effect of timing in
standardization depend on the kind of innovatiostaite?
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