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Cable vs. DSL - Competing IT Innovations and

Lock - in from the cu  stomerOs standpoint

Abstract:

Based on the question of technology choice between two competingoMatioms, research
suggests bandwagon effects to explain adoption angstiff of a single dominant techHno

ogy (Leibenstein 1950). However, whenther direct nor indirect networkfetts exert an
infrastructurespecific infuence on the diffusion proceBss in the case of German

broadband consiition between DSL and Cable infrastructubdsandwagon effects cannot
explain the emergence of a single technology standard. Due td dimiteagence and non
proprietary IRinfrastructures network effects work cordpensively for both technologies.

Hence adoption patters should converge, when the two competing technologies are relatively
similar in terms of pgormance and pricing. The gstas therefore to identify and measure
consumer adoption mechanisms responsible for the continuous asymmetries in DSi- and C
ble adoption patterns. We show that information externalities may arise from high uncertainty
involved in the purchase of IT seressuch as broadband. As a result a stableitock

emerges and prevents significant competition between the alternatives by creating implicit
switching costs.



1 Research Question

When considering German broadband penetration it becomes clearly visibBathat
man broadbandiffusion falls far short of international penetration rateshin and outside
the EU(OECD 2004) Even worsgcurrent growth rates in adoptels not make up for below
average penetration rates, continuously widening the existing gap. From an econemic pe
spective higher broadband penetration rates are associated with positive effects on economic
growth, innovative ability and GDP by stimulatingvestments andbstering thediffusion
and use of new applications and service®\([2004).Hence, addressing a critical issue when
consideringsourcesfor aninsufficient economic development, the question arises why Ge
man broadband diffusion rates contbusly remain on a below average level. Research on the
influencing factors on the level of broadband penetration abounds. For the most part, existing
studies agree that the driving force behind fast diffusion lies in intermodal, i.e. infrastructure
compdition (e.g. OECD 2001, 2002, 2003, Aron and Burnstein 2003, Newman 2003, Flamm
2004, GarciaMurillo 2005, Distaso et al. 2006, Elixmann et al. 2007). Although sevaral in
tiatives have been undertaken in Germany, relevant infrastructure compettomoh
emerged yetThe German broadband market exemplifies an unparalleled case of persevering
dominance of a montechnology broadband internet access structure. Rou@ity & all
existing broadband connections are bugtby using the DSL technologyhile Cableinter-
net accesgplays a significant and sometimes even dominant role in several countries, German
performance of Cable broadband remains poor. This result is even more surprising nvhen co
sidering its extraordinary well basic settiBbgvith more thar22 Mio existing Cable conge
tions, representing a 56% penetration quota and a potential of far more than 80%, GermanyOs
Cable infrastructurés the 2" largest worldwide behind the @GfBeckert et al. 2005, Gries
2003).

Researclon the evolution of the Gde market in Germany does not go beyond tracing
back current problems of Cable providers to the idiosyncratic division of the Cableudistrib
tion network levels, the split up of the last levelsO owner structure and finaliffithgt pri-
vatization process (BYllingen and Stamm 2001, Gries 2003, Kurth 2003, DIW 2004, Heng
2005, Beckert et al. 2005, BMVRI005, Fornefeld et al. 2006, BiNgen et al. 2007). In this
sense these works merely illuminate supply side aspects and therefore outline challenging
devdopmental conditions for the establishment of competition from the perspectiveasf a C
ble provider (Beckert et al. 2005)\las, these studieslmost entirely neglect the consumer
side. At the same time it becomes clear gratatizationhas been succesHjucompleted by



2003 and the incumbent Deutsche Telekom is no longer in possession of the Cableanfrastru
ture (BYllingen and Stamm 2006). This in turn means that the continuous lagRififasit
competition among broadband infrastructures can be @it exclusively attributed to the
historically grown supply side structures. Rather, it appears that some mechanisms must be at
work preventing a rapid establishment of contpet. A study conducted by the WIK comes

to similar conclusions by denotingpat possibly path depdencies might constrict Cable
technology from rapid fliusion, remains unclear about the source, mechanisms and nature of
such path ependency, though (Gries 2003). The aim of gagperis to take a closer look at
demand side dynaws evolving from buyindehaviorof innovaive services such as biba

band. Such dynamics would be generally attributed to the wide array of direct or indirect
network effects Katz and Shapiro 1985, 1986, 19%creasing with availability of the dam
nanttechnology standard. However, considering the two perfectly compatible iBsroess
technologies DSL and Cable, it becomes obvious that no techrspegyfic network effects

may foster the diffusion of one alternative against the other. Communicatwadn users of

the twodifferenttechnologiess problemfree as well as any internet application or serige
accessible and usaldg any of the two infrastructure platforms. Hence, traditional notions of
emerging path dependent patterns as in the alagelS, QWERTY or Windows are nopa
plicable in the present case due to the lack of traditional network effects. We will demonstrate
though that a different type of externalities may explain the continuous adoption asymmetries
and the perseverance of aliaology standard even in the absence of classic network effects.

2 Theoretical Framework

2.1 Micro level broadband adoption  behavior

In order to demonstrate the mechanisms at work an approach purely based g inform
tion economics is employed. The stagtpoint is the conceptual division of inelual buying

processes into three distinctive ideal type phases (Adler 1998):

1) Initial situation , which is characterized by the existence of uncertainty as a result of
asymmetric information. By employing the Sp@radigm, goods and services can berdisti
guished by their relative proportion of search, experience and credence qualities (Nelson
1970, Darby and Karni 1973). Broadband internet access represents an innovative-standar
ized service in the realm of IC®ervices are generally assumed to have high levels of iexper
ence (and credence qualities) and low levels of search qualiggegm| 1981 Parasuraman



et al.1985 Murray 199). Related buying processes are therefore associated with high levels
of quality uncertainty prior to the buying decision.

2) Phase of information gatheringin order to reduce existing uncertainties. Whes fa

ing asymmetrically distributed information and individuals acting boundedly rationag-strat
gies to reduce qualitselateduncertanty arise. They can be summarized under thmgeof
screening and signalinQuality uncertainty stemming from a predominant proportionxef e
perience qualities can be effectively reduced by recurring on experiénoe Experience

serves as an informaticsubstitute for ex ante not assessable qualRelying on experience
thereforerepresents an efficient strategy of information gathering (Nelson 1970, Weiber and
Adler 1995). Taking into account that broadd is treated as an innovatitre overriding
importance of experience of others becomes obvious. When no personal experience exists,
adopters have to rely on information gathered by prior adopters. Communication of this i
formationtype between adopters can generally take two forms: First, prodecited infa-

mation substitutes through personal communication, such as quality assessments and evalu
tions, e.g. worebf-mouth (Grewal et al. 2003). Second, maieicess related data, such as
market share (Hellofs and Jacobson 1999, Tolle 1991), numiberevious adopters
(Vahrenkamp 1991), market concentration (Hauser 1979) or standards (Kleinaltenkamp 1992)
that represent market related (not product) related information substitutes and serve as quality
signals.

3) Phase of the buying decisionwhich desribes the selection and decision of an offer
from a multitude of compable options against a paymehRar that purpose informatiorbe

tained from the preceding information gathering phase is evaluated. This process takes place
up until the consumer reach@n individual aspiration level, which enables him to reach a
buying decision at still existing levels of uncertainty (Weiber and Adler 1995). Orientation on
aforementioned demand side signals can result in macro market movements that age well ca
tured bythe model of information cascad@anerjee 1992, Bikhchandani et al. 199B)e

notion of information cascades (or hdrehavio) offers the possibility to integrate demand
side screening and signaling mechanisms in an information economics framewaookdand
namize them as information externalities. In addition, leidaviorhas been explicitly dt
cussed within the context of a choice between two competing technology stattdesdts to

a marketwide consideration of adoption decisions.



2.2 Macro lev el adoption dynamics

The common notion of all models dealing with the phenomenon of informatsen ca
cades and herflehavioris that rational individuals ignore their personal information and
rather mimic decisions of their predecessors. Theoretically asguansequential decision
process in which every individual must decide between two alternatives, each decision is
made under optimization of BayesO probabilities. For that purpose individuals exgtioitly r
to prior decisions made within their socials®m. Decisions araccessibldn the form of
publicly doservable signals. Taking into account that individuals face identical problems and
wish to access identical information, experience offers asaashg access to information
(Schotter 2003). aPeopbeefer to do what other people do, particularly in areas where quality
is uncertain.O (Kretschmer et al. 1999 p.63) Information gathering processes of such a kind
can be understood as a form of learriegavior, e.g. OobservatiahlearningO, Osocial fea
ingO(Bikhchandani et al. 1998 p.153, Vicente 2003 @a&)well as a special case foée-
riding behavior (Choi 1997) respectively, initiated by the observation of past decisions.

Each decision taken anadopter produces publicly observable infornratichen -
tering the market. Hence, becoming informative, it produces positive externalities, re. info
mation externalities (Zhang 1997, Moscarini and Ottaviani 1997, Li 2004). Although actions
do not reflect actual costenefit analyses made by the adoptéey suffice to serve as signals
of product quality. For subsequent adopters it is rational to assume, that the predecessor has
not acted against his private signal but rather followed it (Bikhchandani et al. 1998). Although
showing striking resembland® LeibensteinOs bandwagon effects (Leibenstein 1950), the
information cascades approach is neither bounded by the trivial assumption of compliant or
mimetic behaviornor reliant on concepts such as network effects or complementarities in
consumption (Kari and Schmeidler 1989, Narduzzo and Warglien 1996). Rather it employs
an economic rationale behind the underlying mechanisms purely based on information co
siderations. As the herd produces an externality in which personal information remains veiled
(Banejee 1992, Shiller 1995), information cascades are always prone to potential efficiency
losses. The course of actions and thus the winning alternative is merely determined by the
decisions of the very first adopters (Banerjee 1992). Misconduct at thenibggpropagates
in successive decisions. Choices of later adopters dongerdepend on payoff consider
tions between the two alternatives obtained by pergodgments. Rather, theare predete
mined by the decisions of the first decision makers, h@wih virtual certainty, all but the
first few individuals end up doing the same thing.O (Bikhchandani et al. 1998 p.154). The
massive impact of initial conditions on the course of subsequent adoption decisions easily



enables inferior alternatives to emeras the dominant standard. This holds true for any case
when the superior alternative gets initially discarded and the subsequent herd imitating initial
actions. Although every adopter is acting rationally from the individual standpoint and the
majority would collectively opt for the better alternative, each single decision leaith® to
adoption of the domimd standard and therefore prolongs the cascade. Because of the positive
feedback nature of the herd externality the cascade becomes stabilizethBordex with

every ensuing decision (Banerjee 1992). The formation and progression of an information

cascade is therefore essentially path dependent in its nature.
2.3 A macro level model of broadband adoption behaviour

In general the fragile characterfonformation cascades is stressed (Bikhchandani et
al. 1998, Shiller 1995, Watts 2002, Golder and Tellis 2004). As soon as two individuals dev
ate from herdehaviorand follow their private signal an opposite cascade can dwesifhg-
gered (Anderson andolt 1997). This may happen because of small changes in publie info
mation or marginal deviations from Bayesiaghavior However, the fragility of information
cascades crucially depends on two assumptions: First, individuals observe the exact sequence
of preceding decisions and second, all signals are of equal quality. Loosening both of these

rather restrictive assumptions, a more realistic model obtains and leads to following insights:

I. Market -process Related Data

It is rather unlikely that individualsave detailed knowledge about the sequence and
course of single actions within the diffusion process (OrlZan 1995, ,elen and Kariv 2005).
Fully transparent chains of decisions must be rather understood as conceptusicaisston
theoreticmodelingand @n only be simulated under laboratory conditid®s.far, models of
deviations from the full decision sequence have been undertaken by endogenizing the time of
decision taking while not assuming sequential decision ch&no$ §nd Lundholm 1995,
Sgroi 2003. In reality, infamation about past actions does not take the form of a history of
sequential decisions but rathg@paars as aggregated markedcess related data. It thus takes
the form of market\aerages such as market share, degree of diffusioal, &¢\awareness or
industrywide standards (Hauser 1979, Shiller 1995). Preceding individual decisions can be
therefore conceptualized as a function of the relative number of individuals that have opted
for an alternative against another one (OrlZan 1085j et al. 1995). Precisely when oriant
tion is on averages rather then equences, it can be assumed that not all individuals will be

conscious of being part of a herd. Assuming that individuals are unclear, i.e. unconscious



about being part of a castgy both the probability of the advantageousness of thendting
alternative as well as the certainty with which the signal will be assessed as being accurate
will be systematically overestimated (OrlZan 1995) leading to a higher information value of
the cascade.

To empirically test the model, categories must be identified that allow for visibility of
former decisions by successive individuals as well as presentability of aggregated market
data. Markefprocess related data satisfies both of these consitConsidering the presence
of a new technology, the degree of diffusion is used as an appropriate measure. Degree of
diffusion levels resemble the relative market share of a technology. However, while the term
market share is usually associated wittompanybased measuréhe term degree of diif
sion rather hints towards an industnyide measure of the aggregated number of participants
or users of a technology. It therefore better suites the intuition of a cumulated amowat of pr
vious public adoptiordecisions, while abstracting from uncertainties as regards particular

suppliers.

. Heterogeneous Signal Qualities

Attempts to distinguish the quality of signals can be summarized into those that focus
on information costs (Burguet and Vives 2000, Feltod082, Kraemer et al 2006) and those
who focus on heterogeneous preferences (Zhang 1997, Grenadier 1999, Smith and S¢rensen
2000, Goeree et al. 200Based on the latteapproachthis paper aimso make a twdold
distinction in private preference®n the one hand, it can be assumed that individasads
generallyprone toattach more value tiheir ownpersonal prate signals than to alien private
signals, hence raising the issue of heterogeneous signal qualities (Goeree et al. 20087). Conf
dence in onesvn ability to judge further expands the gaps between signatigsgDassiou
2000). On the other handn adequatenodelingof the decision process at hand requires a
knowledging that individuals may experiendegferent magnitudes of uncertainty ext@ms
well asthey may come to different evaluations and therefore face signals of different-intens
ty. This leads to a distinction of two separate dimensions of signal quality: Signal intensity
and signal precision. Signal intensity relates to the poWwtreosignal and delineates the e
pected level of payment when choosing one of the options against the other. Signal intensity
is therefore appropriate fonodelingheterogeneous consumer preferences. Signal precision in
turn relates to the probability éicing a correct and accurate signal, respectively. It i®ther
fore closely associated with the former conception of signal quality. However, in opposition
to the classic model, signal precision is assumed to vary across individuals, too.



Including signaintensity and thus heterogeneous signal qualities results in fugher d
viations from Baysian optimizatiobehavior However, in opposition to the consideration of
aggregated adoption decisiohgrethe deviation translates into assymatic overvaluatioof
oneOs own private signals. As soon as adopters are aware of the fact that decisioirs are mot
vated by different preferences, the value of public signals decreases in relation to oneOs own
private signal. Consequently, different preferences may proddéiegedt utility ratios le-
tween the two alternatives and therefore have different preference outcomes. These may bring
countercascade decisions into life as an appropriate reaction to individual utility optimization
processes (Nelson 2002). Accounting tlus relation, the model is now able to explais-ca
cade deviatindpehaviorwithout invoking exogenous shocks. Rather, fragility becomesa po
sible and model endogenous feature of the cascade.

From an information economics perspective the individual lefsskearch utility can
be interpreted as an appropriate measure for signal inte8sigethe utility of a product is
defined as the value of the combination of its search, experience and credence qualities and
search qudties are the only ones ex anssessablesearch utility is the assessment3silt.

Search utility is initially the sole ground for individually formulating a prefiee for one of

the existing alternatives based on the evaluation of their quality. Taking into accounsthe exi
tence oftwo alternatives, signal intensity for one alternative can be expressed ascthedgoe

utility ratio of the two alternatives. As perceived utility purely stems from evaluation of
search qualitiessignal intensity can also babeledasthe ratio of seah utility. By meast

ing individual costbenefit analyses of search qualities one can renounce presenting abstract
pre determined signal quiés in a given empirical design.

Decreasing levels of signal precision on the other hand can be expected toagd in
with undervaluing oneOs own private signals, assuming that former adopters had more precise
signals (Huang and Zang 2003). The propensity for imitation is therefore assumed to rise with
decreasing levels of signal precision and increasing levelsublicpinformation quality
(Hirshleifer and Teoh 2003).

Signal precision in turn can be interpreted as the individual proportion of search qual
ties of a product oa service. As broadband is generally characterized by relatively hagh pr
portions of expednce and credence qualities, the level of uncertainty is ex ante expected to
be rather high. Hence, private information only indicates with some probability significantly
lower than 1 the accurateness of oneOs own utility considerations and therefoedathie p
nance of one technology over the other. The probability directly depends on the lewel of u
certainty which results from the perceived proportion of experience and credence qualities.



The higher the proportion of search qualities, the more likelyakigiensity will be aca-

rately assessed. This probability can therefore easily be translated into the relative proportion
of search qualities and thus represents a measure for signal precision. It shows with which
certainty the adopter can rely on his le@sion and the resulting search utility ratio. Consider

the case when broadband is conceived of being a 100% search ptrsigasd precision in

this case becomes 1 and is at its maximum. In this situation no uncertainty remains after the
evaluation ofthe two alternatives. The decision is purely geared to the alternative offering a
higher utility level. Again, information economics foundation allow for individual measures

of signal precision without requiring the use of predetermined stimuli in a givgirical

design.

Iii. Consequences for the Buying Decision

Given the two opposing effects on cascade fragility resulting from the modal exte
sion the question arises which implications ensue for mdevidual decision. Now, the pr
vate signal quality isantrasted with the subjectively assessed value of the pafdienation
from the cacade. Basically, decisions in such a model are reached by considerations of e
pected utility values. In other words, utility ratios stemming from the two alternatives are
evaluated under the prevalence ofenmainty. Herdoehaviorariseswhen individuals adopt an
alterretive in opposition to their private signal, thus implying expected utility derived from
the wimulated public adoption signals is higher than expectedyudérived from the private
signal. Hence,mlogenous change in adoptibahavioris only feasible when the ratio at-e
pected utility turns around. In this case, the private signal of an individual must be ¢apable
overcompensathe cumulated public sigls.

The fact that two opposing effects are considered leads to the supposition of a trade
off relationship between those two variables. Consequentgrvals are expected to be mde
tifiable in which the quality of the private signacompenses$or the quality of the public
information leading to cascade deviatibghavior On the other hand, intervals will exist,
where the value of the public signals is associated with levels of private information quality
leading to decisions perpetisy the herd. Havever, identifying such relationships can never
take place without considag the specific market and the related market participants. In the
present case the task is to find such relationships for the binary decision problem between the
choice of DSL andCable technologyTherefore thesubsequenempirical study aimedht
identifying transient probabilities for the adoption decision between DSL and Q@dble

taking into account the quality of private and public informatlodividual threshold levels



were measuredt which a switchindpehaviorcould be projected and wéakely to beobsev-
able. Based on the above thoughts, following research hypotheses can be stated:

H1: Broadband buying processes are associated with higher levels of experiencegjtizditi credence qualities.

H2: Broadband buying processes are associated with higher levels of experience qualities than search qualities.

H3: Broadband buying processes are associated with higher levels of credence qualities than search qualities.

H4: The adoption probability increases with increasing degree of diffusion levels.

H5: The influence of the degree of diffusion level on the adoption probability is lower with existing experience of

broadband purchasing.
H6: Signal precision is highefior adopterswith existingexperience of broadband purchasing.

H7: Levels of uncertainty associated with purchasing processes of broadband decrease with rising levels of signal

precision and are lower for adopters with experience of broadband purchasing.
H8: The adoption probability increases with the level of private signal quality.
H8.1:  The adoption probability increases with rising levels of signal intensity.

H8.2:  The influence of signal intensity on the adoption probability increases with rising #vsignal pree

sion.

H9: Individual threshold levels of signal quality and degree of diffusion combinations can iéedehat lockin the

market on one of the two technology alternatives.

3 Research Design, Sample and Methods

The aim of the empical study was to find evidence for the existence of herding
mechanisms in the adoption of broadband technologies in Germany and to analyza-their st
bility and persistence. The study has been conducted with the help oflzasexbtool with
424 students andssociates from the FU Berlin, TU Chemnitz, LMU MYnchen and tiie Un
versitSt ZYrich. It can be separated into three distinct parts:

1. Questionnaire
The survey part consisted of 7 items in total. Most of the item formulations were based
on Weiber andAdler (1995) and Adler (1998). However, original formulations weoe-
verted to suithe domain oforoadbandpurchasesThey aimed at measuring the following
concepts:
I.  The magnitude of individually perceived proportions of search, experience end cr
dence qualitise with broadband buying processes.
ii.  The magnitude of individually perceived uncertainty with broadband buying processes.
lii.  Existing personal experience with broadband buying processes.



Iv. Broadband technology temporarily used by the participant.

2. Simulation of Broadband Buying Decisions

In the center of the studhe influence of the degree of diffusion on the buying-dec
sionwas investigate@gainst varying levels of cebenefit ratios of broadband offesshile
simultaneously accounting for a high uncertaiaetwironment. For that reas@ach partie
pant was successively confronted with five buying decisions between two alternative product
offerings of DSL and Cable technolggespectively. Bchoffering varied as regardss de-
gree of diffusion and codteneit ratio. By using a projective design, the participant was
asked taassista friendin his product choicéy indicatingthe better product from Hgerin-
dividual standpointFor this purpose, both DSL and Cable product cards were displayed,
dicatingvarying levels ofspeed, price and contract duratisith three distinct parameterlva
ues for each product featui®election of these features was based on pretests from over 50
broadband qualities potentially associated with broadband. However, introduciegainty,
guestion marks were indicating no available information on values for interference liability
and customer service, as information on these features was ex ante not availabightlLeft
positioning between the DSL and Cable product card aragomly alternated as well as the
order of the presented product features on the cards to avoid systematicBaasdson p&-
test conjoint analyses two fiygair card combinations were chosen from a total number of
729 potential card pairs to be indivally presentedTo increasing variance in the perceived
utility ratios of the presented product cartygp groupswere differentiatedased orformer
experience with broadband purchasBse goal was to approximagx antedefinedvariance
producingratio levels of 0.75, 1, 1.2and1.5. The last pair represented identigatameter
valuesexcept for technology. The sequencettw individual pair@ presentationwas kept
randomfor each participant

In addition,both product offerings varied in terms okthdegree of diffusion, repr
sented bywritten figures as well as in graphical form (as a pie cbaltredin blue and
greer). Note that both figures summed up to 100% and DSL diffusion degrees ranged from
50% to 97% with corresponding Cable diffusiomgaes from 50% to 3%. The figures were
randomly assigned within 5 groups of 5@%%, 60%70%, 70%80% and 80%97%, so that
eachparticipant faced one deasi within each of the intervais arandomized interval order.

3. Conjoint Analysis



In order to obtai individual measures of the presented -tx@stefit ratios, a classic
conjoint analysis with a partial profile approach was conducted following the buyingasimul
tion. The conjoint measurement only served as a tool for estimating individual utility ratios
within the buying simulation and did not aim at identifying optimal product designs fer ma
keting broadband services. In order to avoid survey-dudp due to time length, hierarchical,
choicebased or adaptive conjoint procedures were disapproved. Intorlleep desireda+
lidity and reliability high, the number of presented stinmiistbe kept low (Green and SkHn
vasan 1990). Thus, considering a 3x3x3x2 design with 54 potential stimuli, an asymmetrical
reduced design with nine stimuli to evaluate ol#dirBased on approximations of real
broadband offers, following valuegereselected to represent values of product features:

1. price (29,90!; 34,901!; 39,901

2. speed (1 Mbit, 4 Mbit, 8 Mbit)

3. contract duration (1 month, 12 months, 24 months)
4. techndogy (DSL, Cable)

Ranking of stimuli was chosen as an appropriate evaluation method of the preference
order. The reason was mainly to gaibetter manageability by the participants and higher
validity (Green and Srinivasan 1978). Ranks were assignédlds numbered from 1 to 9
and representing the preference order, leaving the participants to assign each field with the
respective product casdf desireThis further enables a metric interpretation of the assigned
values. In order to reach a high@rogness of fit in measurement, participants were asked to
do an exercise work in conjoint analysis before undertaking the actual task. After successfully
finishing, the main task was to order nine different broadband offers in accordancerwith pe
sonal preérences. Therder of the stimuli displayed as well as the order of the cardsO product
features wergandomized. Eventually, after successfully finishing the preference ordering,
participants were asked to accomplish a tmlt taskbased orchoosing firstbest and s
ondbest alternatives from a set of four stimuli (Huber and HahS86).

4.  Empirical Results

Results were achieved by employing quantitative statistical methods including
ANOVA, MANOVA, conjoint analysis ad logistic regression analysis.
To evaluate H1, H2 and H3 29 participants were sorted out from the final analysis for

showing inconsistent answers relating to the measurement of search, experience and credence



gualities. Overall, 365 valid observations obgégirResults show no signimtdifferences (&
statistics = .417, p=.677) between the average magnitude of perceived experience (31.35%,
sd= 15,05%) and credence qualities (31.96%+4®,77%). The relative proportion of search
gualities (36.69%, se 21,39%) lies significantly alve the proportions for experience and
credence qualities (at the 2% level) leading to rejection of H1, H2 and H3. However, H2 and
H3 can be found be confirmed for female subjects (significant at the 1% level). The same
holds true for subjects with purchag experience (significant differences at the 5% level and
1% level, respectively). Thus, H6 can be found to be confirmed as well.

PearsonOs correlation coefficient between uncertainty and signal precision of 0.612 at
the 1% level shows strong support fbe first statement of hypothesis H7. Furthermorb; su
jects with prior purchasing experience show significantly lower levels of uncertainfy of a
proximately one third than subjects without (significant at the 1% level) leading to canfirm
tion of the secod statement of H7 as well.

To test hypotheses H4, H5 and H8, aggregated data analystaiasl outtreating
each individual decision as a separate case generating 1,196 observations in total after data
cleansing. Hierarchically well formulated lny logistic regression modelsere estimated
(Jaccard 2001 p. 15ff) with stepwise inclusion of additional explanatory varidblesnal-
els aimed ameasuing the effect of signal intensity and degree of diffusion est-dirder n-
dependent variabless well agmoderating effects @on and Kenny 1986 p.1174) by signal
precision and prior purchasing experience on the adoption probabilities for DSL and Cable,
respectively, as the dependent variabkege, gender and field of study were used as control
variables.Log-Likelihood-Ratics based on Chidistributionsservedto compare successive
nestedmodels (McCullagh and Nelder 1989). As adoption decisions stemmingofrterpa-
ticipantcannot be treated asdependent, robust estimators were employed by clustedig in
vidual decisions (Hosmer and Lemeshow 2000 p. 308ff).

Results show strong support for the final model specification accounting for alt post
lated firstorder effects as well as thmoderating effects. Nagelkerk&8 of .403 indicates
good model fit. 41%f formerly not explained variance can be elucidated by the modeé! sign
fying good prognostic efficiency as well (Menard 2001 p. 28). CoefficientsO estimates confirm
H4, H5 and H8.1 and H8.2s can be seen in Chartl. An increase in signal intensitgh{wh
translates into an increasd the Cable offering utility relative to the DSL offering utility)
reduced the adoption probability, whereas an increase in the degree of mifU&&L n-
creases the adoptigirobability of DSL. Both coefficients are high$ignificant. However,
the effects of signal intensity and degree of diffusion are both dependent on the moderator



variables signal precision dmprior experience. The first interaction term indicates that higher
signal precision is associated with strongiects of signal intensity on the adoption decision.
The second interaction term indicates that the effect of the degree of diffusion on the adoption

decision is intensified when no prior purchasing experience exists.

Chartl : Regression results of finemodel (fully specified)

Signal

. . . . - Degree of
Gender Age AL @i _Slgne_ll Dggre_e i Slg_nz_al Experience mtgnsny diffusion* Constant
Study intensity diffusion precision Signal .
L Experience
precision
-0,14234 0,00364 0,39741 -0,01279 0,0542 0,03131 2,23021 -0,00034 -0,03174 -1,91602

(-0,19692)  (-0,02417)  (0,16982)*  (0,00474)**  (0,01014)***  (0,01245)* (0,85304)**  (0,00011)**  (0,01178)**  (0,97601)*

* p<0.05, ** p<0.01, *** p<0.001; robust standard errors in paenthesis

To test hypothesis H9, conjoint analysis results were utilized to examine decisions on
an individual level. The basis idea was to estimate individual levels of compensating utility of
the Cable technology for given degree dfudiion levels of the DSL technology. After data
cleansing 21Xemainingcases were analyzed by making use of the following procedure: To
calculate individual threshold levels, the value of each decisionOs signal ifberssiy &-
pression of the relatevutility advantage of the Cable technology to the DSL techndogys
divided by the value of the degree of diffusion level of DSL inrdspectivedecision. Diw-
sion generates an expression of the relative advantage of Cable vs. DSL accounting for both
signal intensity and degree of diffusion leireleach decision. Summing up all individua-d
cisions for DSL and Cable and dividing by the number of decisions in favor of DSLaand C

ble, respectively, R&neand RAys, for each individual j obtain dsllows

SearchUtility 4., Search Uﬁlilyc‘able;f;j
SearchUtility g, .., SearchUtility g ...
1 "’ DegreeofDiffusionLevel ,, ..., 2 & DegreeofDiffusionLevel g .,
' RAcope,; = ] ‘RAyg,.; = E
i n; g n,
J j
with n; = the total number of decisions of individual j m = the number of decisions in favor of the Cable technology

The estimation of individual relative advantages for both teldgnes is based on
mean formulation. Though desirable, no linear relations can be considered as the maximum of
decisions in favor of one of the two technology alternatives does not exceed the number of
four, turning attempts to estimate nlomear relatimships futile. As linear relationships are
estimated, the resulting values for R#feand RAys. can easily be interpreted as the slope of
a compensating lineedding to the following interpretations: On the one haady point



above theRAcapieline represents combinations of search utility ratios and degree of diffusion
levels at which the participant would opt for the Cable ofteon average. On the other hand,
any point below th&kAps, line represents combinations of search utility ratios and defree o
diffusion levels at which the participant would opt for the Of#fering on average. The range
between the two lines contains combinations which represent stochastic uncelttaiaty
thereforebe considered an interval which theindividualO®ehavor cannot beredictedby
the estimatesbtainedrom the survey.

Accounting for cases with five decisions only which split up into four groups of 4:1,
3:2, 2:3 und 1:4 decisions of Cable vs. DSL, ANOVA testing does not display significant
group differenes (F= 1.055, p=.370 and = 1.694, p=.170), hence allowing for aggrag

tion of the individual data of the remaining 193 participants as depicted in Chart 2.

Chart 2: Utility compensation levels
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5 Discussion and Conclusion

From information cascades theory it follows that private signals for technology choice
can be neglected ifavor of information stemming from predecessorsO adoption decBions
this information can be obtained by communication and obsenagioavior Based on that,
the contribution of thipaperis to show that suchehaviorcan trigger path dependent pro
esses leading to stable leckpatterns. Later adopters are more likely to obtain information
about the previously more intensely used technology.céleaduction in uncertainty and
therefore aincreasdn expected utility for this alternative augmetite probability of opting
for the formerly more frequented alternative. At the same time adoption decisions form an



informational feedback in the sertbatan adoption decision increasgglee publicly obser-

able relative markeshare of this technology anjlthe number of potential providers ofpe-

rience information for subsequent adopters. This in turns raises the probabilitydaintixe
nanttechnobgy to be chosen by the subsequent adopter, leading tostad®lizing increa-

ing returns mechanism at which one technology comes to dominate the Baskétis the

case of the German Broadband Market. A crucial assumption for such path depenclent pro
esses is the initial advantage of one alternative over the other.

The empirical model reveals broadband buying processes being associated with high
levels of uncertainty, thus making the market vulnerable to informational feedback generated
by initial adzantages. Although H1, H2 and H3 were globally not confirmed, the average rel
tive proportion of broadband qualities ex ante not assessable makes up for roughly two thirds
(65.5%) of overall product qualities, thus substantially preserving the natudeigi ance-
tainty good. Degree of diffusion levels and signal quality were shown to have an effect on the
adoption probabilities. Applying the empirical results to the actual degree of diffusion level of
DSL on the German broadband market of 97%, a minimuraughly 16% more utility for a
Cable offering vs. any DSL offering is required to be taken into consideration by the adopters.
This figure represents the minimum leicklevel. At the same time, Cable offerings providing
a 117% benefit will certainly behosen on average. This figure in turn would represent the
maximum lockin level of the DSL technology. Any benefit beyond that would trigggs si
nificant Cable adoptions. In this respect the model offers an approach of measurimg lock
levels by simultaaously offering implications of how to overcome existing technological
paths.
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