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Abstract 
 
The “lead user construct” was developed to preferentially identify commercially 
attractive innovation-related information developed by users of products and 
services.  In this empirical study of user modifications to Apache web server 
software, we further develop and test lead user theory by studying the 
independent and combined effects of  two key component variables.  We find that 
one component - being at the leading edge of important marketplace trends - 
selectively identifies user-developed innovations having higher marketplace 
potential.  We find that this and other components identify users likely to have 
innovated.  We suggest how our findings can be applied to improve identification 
of lead user innovations having high commercial attractiveness. 
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1. Introduction and overview 

 Research has shown that many major commercial products and services are based upon 

prototypes first developed and field-tested by users.  Theoretical arguments indicate that such 

innovations by users are likely to be concentrated within the “lead user” segment of a user 

population, and empirical research has found this to be the case.  (Lead users have (1) a high 

expected benefit from a solution to their leading edge needs – which may induce them to innovate 

and (2) needs that are ahead of marketplace demand.)   

 Taken together, these two findings suggest that systematic searches for commercially-

attractive user-developed innovations might be both feasible and profitable.  Practical 

applications of the so-called lead user method support this idea, with studies to date finding that 

searches for lead user innovations result in product and service concepts that are significantly 

more commercially attractive than concepts generated by “traditional” methods.   (In “traditional” 

methods, manufacturers seek needs – not solutions - from users in the center of a target market 

rather than from users at the leading edge.  Then, they develop responsive solutions in-house.  In 

other words, they “find a need and fill it” via in-house manufacturer innovation.) 

 Given the apparent practical value of the lead user method, a deeper study of the 

relationship among lead user characteristics, the occurrence of user innovation and its commercial 

attractiveness will be useful.  To this end, we frame the lead user theory in a set of testable 

hypotheses and test these on data drawn from a sample of users of the open-source software 

program Apache.  Overall, we find a strong, positive relationship among increasing levels of the 

two lead user characteristics and (a) the likelihood of innovation and (b) the commercial 

attractiveness of the product innovations developed by lead users.  We also find that, in this field 

at least, adding measures of users’ in-house resources can produce an even better result.  We 

discuss the implications of our findings for theory and also for practical applications, i.e. how 

variables used in lead user studies can profitably be adapted to fit specific study contexts and 

purposes. 

  Our paper is organized as follows.  In section 2 we develop our hypotheses via a review 

the literature on innovation by lead users, commercial value of lead user-developed innovations, 

and variables used to characterize and identify lead users.  In section 3 we describe the research 

setting for our empirical study and the research methods used.  We present our findings in 
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section 4.  Finally, in section 5, we discuss our findings and related deepened insights regarding 

the relationship between innovation and lead user characteristics. 

 

2. Lead User Theory 

Although not characterized as a theory in publications to date, the discussion of 

innovating lead users provided in von Hippel (1986) comprises a set of interrelated, general 

propositions and so clearly meets the requirements of a ‘middle range’ theory (Merton 1949).  In 

this section we give a brief overview of relevant literature and frame lead user theory in terms of 

testable hypotheses. 

 

The phenomenon of user innovation 

It has been found that product modification and development is a common user behavior 

in many fields.  Thus, from 10% to nearly 40% of users report having modified or developed a 

product for in-house use (in the case of industrial products) or for personal use (in the case of 

consumer products) in fields sampled to date1.  It has also been found that these innovation 

activities tend to be concentrated among the “lead users” in a user population (table 1).  Lead 

users are defined as members of a user population having two characteristics.  First, they 

anticipate obtaining relatively high benefits from obtaining a solution to their needs - and so may 

innovate.  Second, they are at the leading edge of important trends in a marketplace under study - 

and so are currently experiencing needs that will later be experienced by many users in that 

marketplace (von Hippel 1986).  The effect size found in studies of the relationship between user 

innovation activities and these lead user characteristics tends to be very large.  For example, 

Urban & von Hippel (1988) found that 82% of the lead user cluster in their sample had developed 

their own version of or had modified the specific type of industrial product they studied, while 

only 1% of the non-lead users had done this. 

 

Insert Table 1 about here 

 

In principle, all this innovative activity by users could be independent of  manufacturer 

efforts to develop new product that satisfy general marketplace needs.  But the fact that user-

innovators tend to be lead users with needs that foreshadow general demand suggests that this 

will not be the case.  In line with this expectation, studies show that many of the major 
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innovations commercialized by manufacturers were first prototyped by users.  Fields in which 

this question has been explored include oil processing (Enos 1962), computer innovations 

(Knight 1963), machine tool innovations (Rosenberg 1976), scientific instrument innovations 

(von Hippel 1976), semiconductor and electronic subassembly processing equipment (von Hippel 

1977) and sports equipment innovations (Shah 2000). 

 These findings have attracted the attention of economists and corporate strategy and 

marketing research scholars as well.  In economics, research is exploring the social welfare 

impacts of innovation by users and considering implications for government policy.  In the field 

of corporate strategy, there is an emerging interest “platform” product strategies that invite users 

to build complements to - and add value to - manufacturer-provided platforms.  Finally, 

marketing researcher interest in idea generation methods based upon inputs from lead users is 

driven by accumulating evidence that traditional customer-focused product idea generation 

methods2, while effective at generating ideas for incremental improvements to existing products 

and services, are not effective at generating ideas for major new products.   The perceived 

shortcomings of traditional methods has lead to a growing interest in new approaches to idea 

generation on the part of both researchers and firm managers (Eliashberg et al. 1997, Goldenberg 

et al. 2001).  Specifically, could manufacturers somehow proactively search for commercially-

attractive lead user innovations to serve as the basis for major new products and services?   To 

date, several published studies have reported successful experiments with a lead user centered 

approach to new product idea generation.  Two of these have quantitatively compared the outputs 

of lead user idea generation studies with the outputs of traditional studies, and found that the 

ideas generated by a process using inputs from lead users have much higher commercial 

attractiveness (Urban & von Hippel 1988, Lilien, Morrison, Searls, Sonnack, von Hippel 2002).  

Lilien et al. (2002) also found lead user studies capable of systematically generating ideas for 

“breakthrough” innovations, where breakthroughs were defined as new product lines providing 

new sales representing over 20% of total existing sales of the entity (a corporate division) 

developing them.  

 

Development of hypotheses  

The overall proposition of lead user theory is that lead users tend to generate 

commercially attractive innovations.  As described above, there is broad evidence for the truth of 

this conjecture.  Existing studies are not useful for theory development and test, however, for two 
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major reasons: (1) both the independent and dependent variables are often simplified and (2) the 

independent contributions of the two lead user components is not examined. 

 

Overcoming the simplification of dependent and independent variables.  Early studies such as 

Urban & von Hippel (1988) treated the lead user construct as a binary variable rather than a 

continuous one.  Of course, if the variable is in fact continous, treating it as binary involves a loss 

of information.  Morrison and others analyzed the distribution of a closely-related variable, 

Leading Edge Status (LES)3, among 464 users of library information technology systems and 

found that variable to be continuous with a unimodal, bell-shaped distribution (Morrison 1995; 

Morrison et al. 2002, Morrison et al. (2000).  We therefore note as our first hypothesis: 

Hypothesis 1. The lead user construct has a continuous, unimodal, bell-shaped 

distribution. 

Existing empirical studies have also simplified the dependent variable in lead user theory.  

The lead user construct was originally proposed as a way to understand why users might identify 

commercially attractive innovations and to selectively identify such innovations.  However, 

empirical studies to date only analyze the explanatory power of the construct with regard to any 

form of user innovation.  Thus, Franke & Shah (2003), Lüthje (2003a), Lüthje et al. (2002) and 

Morrison et al. (2000) divided their samples into innovators and non-innovators (dependent 

variable) and showed that lead user characteristics are systematically different in these two 

groups via t-tests and logit analyses.  But, as shown in table 1, user innovation can be a mass 

phenomenon, and many of the innovations users develop might well have low commercial 

attractiveness.  It therefore will be useful on both theoretical and practical grounds to test whether 

the lead user variables can explain innovation attractiveness as conjectured in the literature. 

Therefore: 

Hypothesis 2. A high intensity of lead user characteristics displayed by a user has a 

positive impact on (a) the likelihood that the respective user innovates and (b) the 

commercial attractiveness of innovations developed. 

 

Explanatory contribution of the two lead user components.   To date, no study has explored the 

core of the lead user theory – the independent contributions of component variables to an 

explanation of the occurrence of user innovation and its commercial attractiveness.  Morrison et 

al. (2002) measured the inter-correlation of the two components in the lead user definition and 
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concluded from the significant correlation found  (r = .295, p<.000) that it will be useful to treat 

the two as a single-faceted “lead user construct.”  In our view, this conclusion is premature.  The 

two components have different theoretical backgrounds and were intended to yield different 

explanatory contributions.  The desirability of combining them into a construct or index variable 

depends on the explanatory impact of this decision – a matter still to be explored. 

 The original theoretical thinking that led to defining “lead users” as (1) expecting 

relatively high innovation-related benefits from obtaining a solution to their specific needs and 

(2) experiencing those needs earlier than the bulk of users in a marketplace was built upon 

findings from two different literatures (von Hippel 1986). 

The first component of the lead user definition specifies that lead users anticipate 

obtaining relatively high benefits from obtaining a solution to their needs.  This component is 

derived from research on the economics of innovation.  Studies of industrial product and process 

innovations have shown that the greater the benefit an entity expects to obtain from a needed 

innovation, the greater will be that entity’s investment in obtaining a solution (e.g., Schmookler 

1966, Mansfield 1968).  The benefit component of the lead user definition was therefore included 

under the assumption that users expecting relatively high benefits from a solution will be more 

likely to invest in developing it.  However, there is no reason to assume that an innovation 

expected to yield high benefits to its originator will be attractive to other users as well.  For 

example, a process machine innovation developed to improve the functioning of a process used 

by only one company - and expected to yield high benefit to that user - might well have zero 

appeal to others.  Thus, we do not expect that the “expected benefits” component of the lead user 

definition will predict the attractiveness of innovations developed by lead users.  However: 

Hypothesis 3.  The “expectation of high benefits” component of the lead user construct 

has a positive impact on user innovation likelihood. 

 The “ahead on an important marketplace trend” variable in the lead user theory was 

included because of its assumed impact on the commercial attractiveness of innovations 

developed by users residing at that location in a marketplace.  This assumption was derived from 

classical research on problem solving that showed subjects to be strongly constrained by their 

real-world experience, via an effect called “functional fixedness.”  Thus, those who use an object 

or see it used in a familiar way were found blocked from using that object in a novel way 

(Duncker 1945, Birch & Rabinowitz 1951, Adamson 1952).  Furthermore, the more recently 

objects or problem-solving strategies had been used in a familiar way, the more difficult subjects 
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find it to employ them in a novel way (Adamson & Taylor 1954).  This effect is visible in real-

world innovation practice (Allen & Marquis 1964). 

 If familiarity with existing product attributes and uses interferes with the ability to 

conceive of novel attributes and uses, it seemed reasonable that users of today’s products and 

services, representative target-market customers, would be poorly situated to envision needs or 

solutions that would be “leading edge” and so presumably increasingly attractive from the 

perspective of a target market.  In contrast, users residing at the leading edge of a market would 

be better situated in this regard: they today experience needs that representative users will 

experience months or years later. 

 The reasoning just described says nothing about innovation likelihood.  It also might go 

wrong as a predictor of attractive innovations for a number of reasons.  For example, users at the 

leading edge of a trend might simply be “too different” from target market users in important 

ways.  Thus, they might have so much more technical sophistication that the solutions they 

develop are simply not appropriate for ordinary users and so not commercially attractive to 

manufacturers.  Alternatively, a market might move forward so slowly that innovations 

developed by users at the leading edge would not be commercially attractive to manufacturers 

within an acceptable time frame.  Nonetheless, in line with the reasoning presented in lead user 

theory we hypothesize:  

Hypothesis 4.  The “ahead on an important marketplace trend” component of the lead 

user construct has a positive impact on innovation attractiveness. 

 

The importance of in-house resources.  Resource-related variables were not included in the 

original discussion of the lead user theory – but we nonetheless think that there is a strong case 

for including them.  Initial lead user theory development included “expected benefit” as the sole 

variable dealing with the likelihood of innovation.  Given perfect information and given that 

innovations under study were being developed for financial gain, expected benefit would be both 

a reasonable and sufficient indicator of the probability that an innovation would be funded.  The 

presence or absence of internal resources would then be irrelevant because, given perfect 

information, external investors will be willing to fund an innovation on nearly the same terms as 

would the innovator itself.  However, ample evidence exists that innovation-related information is 

far from perfectly distributed (von Hippel 1994, Ogawa 1998, Winter and Szulanski 2001).   
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When potential innovators have better information regarding an innovation opportunity 

than can be conveyed to outside investors, internal resources can be obtained on better terms than 

external resources.   Under these conditions, the availability of internal resources will “matter” 

and will have an effect on innovation likelihood.  If the innovation is being developed for 

consumption rather than investment, in-house resources will again matter.  An outside investor 

will require that the innovator have some other source of income or other assets to assure that its 

investment will be “paid back.”  We also expect resources to have an impact on innovation 

attractiveness.  All other things being equal, having better resources such as higher technical 

capabilities, more support from the top management, lower time constraints in the process, more 

funds for testing and refining the innovation should have a positive impact on the performance of 

the innovative outcome (see e.g. Hadjimanolis 2000). 

Finally, note that Morrison et al. (2000) tested the impact of in-house resource variables, 

and found them to have almost as strong an impact on the likelihood of innovation as did a 

construct containing the ahead of the trend and expected benefits variables.  For all these reasons:  

Hypothesis 5. A user’s in-house, innovation-relevant resources have a positive impact on 

(a) the likelihood that the user innovates and (b) the commercial attractiveness of the 

innovations that user develops. 

 

3. Research setting and methods 

The research setting for this study consists of user-developed modifications to security-

related elements of Apache web server software.  Web server software is used on computer 

servers connected to the Internet.  A server’s function is to “service” requests from Internet 

browsers for particular documents or content.  Initial versions of web server software were 

developed in the early to mid 1990’s and offered relatively simple functionality.  Over time, 

however, Apache and other web server software programs have evolved into the complicated 

front end for many of the technically demanding applications that now run on the Internet.  For 

example, web server software is now used to handle security and authentication of users, provide 

e-commerce shopping carts and gateways to databases. Apache software now consists of 

hundreds of specialized programs and program modules that collectively address the range of 

functions that make up a modern web server. 

Apache is “open source” software that is explicitly designed to enable modification by 

users with appropriate programming skills.  When software is “free” or “open source,” users are 
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allowed to download the software from the Internet and use it without charge.  Users are also 

explicitly granted the legal right to study the software’s source code, to modify the software, and 

to distribute modified or unmodified versions to others.  Apache is currently the most popular 

web server software on the Internet.  Version 1.0 of Apache was released on December 1, 1995.  

In the space of five years and in the face of strong competition from commercial competitors like 

Microsoft and Netscape, it has been adopted by approximately 60% of the 37 million World 

Wide Web sites extant (Netcraft 2002).  It has also received many industry awards for excellence. 

In this study we focus only on security-related modifications to Apache made by users.  

We adopt this relatively narrow focus for three very practical reasons.  First, we reduce our study 

space from hundreds of software functions to the more tractable number of 45 such functions.  

Second, the individuals or groups within server-using organizations that have direct needs for the 

security-related features of Apache are the “webmasters” responsible for the secure and reliable 

operation of corporate and organizational websites.  As direct users, they are in a favorable 

position to evaluate the utility and novelty of the innovations that they have developed.  Third, 

webmasters are clearly identifiable within organizations and are relatively easy for us to access 

via the Internet. 

 

Samples 

Our empirical study utilizes data pooled from two samples of Apache webmasters: (1) 

webmasters posting a question or an answer on a question at the Apache Usenet Forum 

(http://www.deja.com/group /comp.infosystems.www.servers.unix), and (2) webmasters 

subscribing to a specialized online Apache newsgroup (apache-modules.org).  Both samples are 

likely to consist of webmasters having a higher level of technical interest and skill than the 

average user of Apache software.  Of the two groups, subscribers to apache-modules.org, will 

tend to have a higher level of technical skills than will those posting on the Apache Usenet 

Forum. 

We focused on samples of relatively technically interested and skilled users to ensure an 

adequate representation of users that had in fact modified Apache security software.  Studies of 

Apache and other open-source software shows that much of the new functionality actually 

adopted into the authorized and widely-distributed versions of the code is written by a relatively 

few people (e.g., Mockus et al. 2002).  Of course, innovations actually adopted into the 
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authorized code are drawn from a larger pool of code developments created by users and others 

for their own purposes – and it is the latter that we are concerned with here. 

 

Sample 1: Apache Usenet Posters.   

A total of 1371 postings were made to the Apache Usenet Forum between December 2000 

and April 2001 by a total of 563 different individuals.  We sent e-mails to these 563 and asked 

them to fill out an electronic questionnaire (see Appendix for exact question wording and scales 

used).  To raise the likelihood of a response, our cover letter included a note from Ben Hyde, 

Apache Software Foundation member, explaining that the results of the survey would benefit 

Apache.  We also offered a free MIT T-shirt to all who returned a completed questionnaire. 

We eventually received 75 completed questionnaires.  Since 122 of our e-mails were 

returned by the mail server as undeliverable, our response rate was 17% for messages actually 

delivered to a functioning email address.  The response rate for messages actually delivered into 

recipients hands is probably significantly higher, as it is likely that many messages were delivered 

to email addresses that were no longer being monitored.  Sophisticated computer users often 

change email accounts frequently to avoid ads and other undesirable email collectively known as 

“spam.” The 75 individuals who did respond collectively accounted for 37% of the 1371 

messages posted to the Apache Usenet Forum during our sampled period.  Frequent posters are 

over-represented in our sample of respondents, but this should not bias our findings regarding 

characteristics of innovating users. 

 

Sample 2: Apache-Modules.org Subscribers.   

The apache-modules.org mailing list consists of approximately 600 users of Apache who 

have a general interest in the programming and application of Apache modules.  We sent requests 

via email to all 600 to fill out electronic questionnaires.  These requests contained the same 

inducements to respond as were described for sample 1.  Forty emails bounced back as non-

deliverable and we received 63 completed questionnaires.  Our response rate for messages that 

reached the intended address was thus 11%.  Again this number is biased downward.  Many 

emails probably did not reach the intended recipients for reasons explained earlier.  Active 

subscribers are over-represented in this sample.  Among the active sub-population (only 95 of the 

600 subscribers to the list posted a message between November 2000 and May 2001) we have a 

response rate of 30% while the response rate among inactive subscribers is only 7%.   However, 
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for reasons discussed earlier, we do not think this skew introduces a bias to our findings with 

respect to the research questions addressed in this study. 

In both samples, the webmasters responding to our questionnaire displayed a good 

distribution across website type and size.  Approximately 76% of the sites were run by for-profit 

organizations, and 24% by non-profit groups or individuals.  The number of persons managing 

and maintaining each website ranged from 1 to 50 with a median of 3.  The number of hits per 

day per site ranged from 1 to 100 million, with a median of 2,000.  Respondent webmasters were 

also quite up-to-date in their use of Apache.  Apache has been progressively improved, and new 

versions are periodically released incorporating the latest improvements.  All of our respondents 

reported using the latest major release (1.3), and the great majority (83.3%) reported using a 

relatively recent update of that major release (version 1.3.12 or higher).  Finally, we see no reason 

why the, response rates to our surveys – apparently low but in fact higher than they appear - 

would introduce a bias to our findings with respect to the research questions studied here. 

 

Measures   

Independent variables 1. Lead user variables.   

We use each of the two characteristics of a lead user as an independent variables: (1) high 

benefits from an innovation, expressed in our questionnaire as “Our organization has a high need 

for server security” (7-point rating scale) and (2) experience of needs prior to the mass, 

verbalized as “We experience new server security needs earlier than most other organizations” (7-

point rating scale).  Both variables are operationalized as a continuous measure based on von 

Hippel’s lead user definition (1986).  Additionally, an additive index was constructed that 

measures both aspects at once, i.e. the lead user construct.  

 

Independent variables 2. Resource-related variables.   

Four resource-related independent variables were chosen for assessment in our study.  

Resources in general are known to have a positive effect on the likelihood of innovation.  The 

specific resources measured in our study were selected on the basis of both of two considerations.  

They were argued to be of importance in our exploratory interviews with Apache users and they 

were shown to have a significant impact on the likelihood of user innovation by Morrison et al. 

(2000).  The variables chosen were: (1) level of in-house programming skills (developing 

Apache-related innovations involves programming); (2) time a user firm can devote to 
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programming; (3) funds to pay external programmers; (4) encouragement of innovation by the 

organization. The resources variables are highly correlated and thus were combined to an index 

(Cronbach’s Alpha = 0.67). 

 

Dependent Variable 1: Innovative activities.   

Recall that Apache is a software product consisting of “open source” software.  Such 

software can be modified by programmers with appropriate skills.  In our questionnaire, we asked 

each of our respondents about the level of modification they had actually made to the Apache 

code used at their website.  We found that 22.7% of our sample of 132 respondents had installed 

versions of Apache incorporating custom code they had developed themselves in their security 

modules.  30.3% reported carrying out a lesser level of customization (custom selection of 

modules) and 46.9% reported simply adopting a standard version of Apache and doing no 

customization at all.   For our study of the predictive value of the lead user construct, we elected 

to focus only on the most significant category of user innovations in our sample: users that 

reported having installed versions of Apache incorporating user-developed code in their security 

modules.  Thirty respondents (22.7% of the sample) were included in this category.  When 

respondents reported making multiple modifications to their Apache security modules we asked 

them to focus only on their “most important” modification, and to evaluate both its novelty and 

its general marketplace applicability (market potential).  As can be seen in table 2, our sample 

incorporates a useful level of variability on these two matters. 

 

Insert Table 2 about here 

 

The “most important” modifications making up our sample of innovations ranged from 

minor to major improvements in Apache software security functionality.  However, in our 

analyses of the occurance (as opposed to the attractiveness) of innovative activities we treat it as 

a binary (dummy) variable.  Here are two examples of the user-developed modifications in our 

sample: 

• “We built our own security module, a cookie-based authentication system.  The Apache 

plug-in would verify that the user had a properly crypto-signed HTTP cookie, then extract 

the username from the cookie, pop it into REMOTE_USER, verify that the user in 

question has access to the requested URL, and then allow the request to proceed.  
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• “For the last twelve years, our organization has had a Rdb database in which all user 

accounts are registered, and then a complex Menu and Security system.  This allowed for 

Applications to perform data-level and task-level security checks, so we can say, for 

example that “User X is only allowed to view student payment information for College 

123.”  We had a number of requirements to extend that concept to the Web world 

(intranet) and so I wrote an Apache Module that did those checks based on URL patterns 

and HTTP Parameters.  The Apache module has been bug-free and very robust in 

operation. 

 

Dependent Variable 2. Commercial attractiveness of most important innovation.  

Innovations can differ greatly with respect to commercial attractiveness.  In our questionnaire, 

we asked the user-innovators to evaluate the likely attractiveness of their most important 

innovation.  Specifically, we asked them to self-assess its novelty (7-point rating scale with 1 = 

small improvement to an existing product; 7 = completely new product) and also the likely 

marketplace potential (7-point rating scale with 1 = very small, 7 = very big) of their 

modification.  As these two scales proved to be highly correlated (r = .684***), they were 

combined into an index.   

Self evaluations of innovations clearly carry the risk of systematic bias (e.g.,“My innovation 

is marvelous.”).  It is especially important for us to evaluate this risk, as accurate evaluations of 

innovation attractiveness are an essential component of this research.  And we particularly must 

take into account the possibility of a common source bias (i.e. the self-evaluation of both the 

degree of being a lead user and the attractiveness of the innovation).   Accordingly we asked two 

very well-qualified Apache experts, Ben Hyde and Randy Terbush, to independently evaluate the 

commercial attractiveness of the user-developed innovations in our sample. Ben Hyde is the 

leader of the Apache Development Foundation server group (the official “owners” and 

maintainers of Apache open source software).  Randy Terbush is is one of the original eight 

members of the Apache development team and also the founder and CTO of Covalent 

Technologies, a vendor of add-on modules for the Apache web server.  

Thirteen of 30 user-innovators provided us with written descriptions of their innovations.  

This gave us 26 data points (13 for each of the two factors evaluated for each innovation) for the 

independent evaluations.  Cronbach’s Alpha for the three evaluations of each innovation (one by 
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the user himself, one by Hyde and one by Terbush) is 0.65 which indicates a reasonably high 

reliability.   

Biased self-evaluations can occur when innovators have biased information and/or have a 

reason to apply a bias to information they have.  With respect to the first point, we have reason to 

believe that the innovators at least had access to unbiased information regarding their 

innovations.  User-innovators participating in open source software projects regularly receive 

evaluative feedback regarding their innovations from members of their “user communities.”  (In 

the case of open source software and similarly-functioning user innovation communities in other 

fields, innovators generally freely reveal their innovations to other users and get quick feedback 

from their peers regarding novelty and utility (Raymond 1999, Franke & Shah 2003).   With 

respect to the second point, suppose that users did, consciously or unconsciously, apply a bias to 

their self-assessment of their innovations when responding to our questionnaire.  Any such bias 

would affect our findings in a non-conservative direction only if users that had developed more-

attractive innovations had a systematic higher positive self-assessment bias than did users that 

developing innovations that were objectively less attractive.  In fact, studies in psychology show 

that variation in self-assessment bias runs the opposite way.  Thus Kruger & Dunning (1999) 

show that competent people, if biased, often slightly underestimate their performance, whereas 

incompetent people are much more likely to overestimate their performance.  If we assume that 

the innovators in our sample developing the more attractive innovations were in general the more 

competent innovators, this finding directly supports the view that any self-assessment bias in our 

samples is likely to be in a conservative direction with respect to our study findings.    

Finally, we note that two other empirical studies of user innovations in user communities 

in which innovations were widely shared have also tested self-assessments of user-developed 

innovations with assessments by independent third parties.  No significant self-assessment bias 

was found in either study (Lüthje, Herstatt & von Hippel 2002, Morrison et al. 2000). 

 

4. Findings 

In this section we will test the hypotheses developed earlier.  We begin with some basic 

characterizations of the three types of variables we will use in our analyses – leading edge, high 

benefit and in-house resources (section 4.1).  Next, we explore the ability of each of these three 

variables taken singly and in combination to filter innovators from non-innovators (section 4.2).  

Then we explore these variables’ ability to differentiate among the innovations found in terms of 
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commercial attractiveness (section 4.3).  Finally, we integrate both steps by testing the capability 

of our three variables to directly filter a set of users and identify the subset of the most 

commercially attractive innovations they have developed. 

 

Characterizing the lead user construct 

We find that the two components of the lead user definition are continuous variables that follow 

the pattern of a normal distribution. The Kolmogorov-Smirnov test clearly rejects the null 

hypothesis that there are differences between the observed and a normal distribution (Z = 1.096, p 

= .18).  We also find that the two components of the lead user construct are correlated (r = 

.51***).  These findings support hypothesis 1 and confirm the findings of Morrison et al. (2002) 

mentioned earlier. 

 

Testing explanations of innovative activities  

We now test the explanatory power of our variables with regard to the occurrence of 

innovative activities (assumed to be a binary variable).  The independent variables included in our 

tests are the two components of the lead user definition; an index variable combining these two 

components; and the index variable that measures innovation-relevant resources in the possession 

of potential innovators.  In order to test our hypotheses, we estimate nine logit models (Table 3). 

 

Insert Table 3 about here 

 

In overview, table 3 findings show that both components of the lead user definition, 

expected innovation benefit and being ahead of marketplace trends, have significant explanatory 

power with regard to innovation likelihood (models 1, 2, 3, 6, 7, and 8), with the benefits 

component having a somewhat higher impact (model 3 and 8).  In model 4 we test whether the 

explanatory power of the two components is shrouded when they are combined as an index.  The 

results show that the combination of the two components into one index does not affect the 

explanatory power of model 4 as compared to model 3.  

We also note that resources have greater explanatory power with respect to the presence 

of user innovation than the lead user index or its component variables (models 5 vs. 1-4).  The 

highest explanatory power results from using both resources and the first or both of the lead user 

component variables or the lead user index variable (models 6-9).   
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 We see from these findings that the lead user theory as characterized in our hypotheses is 

confirmed.  There is a clear association between the independent variables of expected benefits 

(hypothesis 3), the lead user index (hypothesis 2a) and innovation-related resources possessed by 

potential innovators (hypothesis 5a) and the dependent variable of innovation likelihood.  

Additionally, we found a positive association between a user’s position ahead of a trend and the 

likelihood of innovation.  Based on the extant literature, we had not expected such a relationship.  

We will provide an interpretation of this finding in the discussion section. 

 

Testing explanations of innovation attractiveness 

Next we test the explanatory power of: the two components of the lead user definition; a 

lead user index variable; and the index of innovation-related resources held by potential 

innovators with regard to assessing the commercial attractiveness of innovations developed by 

the users in our sample.  For this test, we drop non-innovator data and use only data from the 30 

innovations our sample to estimate 9 OLS regression models (Table 4).    

 

Insert Table 4 about here 

 

 In overview, table 5 findings show that only the second lead user component – being 

ahead of the market trend - delivers a strong explanation of innovation attractiveness.  The 

expected benefits component only provides some explanatory value when the ahead of trend 

component is omitted (model 1 and 6) - because these two variables are correlated.  Resource 

variables do not show any explanatory power with respect to innovation attractiveness (models 5-

9).  They therefore appear helpful for innovation identification only.   

One should note, however, that the lead user index variable does show decreased 

performance relative to the use of the ahead of the trend component alone (model 2 vs. 4).  This is 

reasonable: the blending of a good and a bad predicator should naturally perform worse than the 

good predicator alone.  However, the poorer performance of the index variable does suggest that 

it may not be advisable to create a “lead user construct” for the purpose of classification of 

innovation attractiveness.  

In sum, the lead user hypotheses are confirmed. There is a clear association between a 

user’s position ahead of a trend (hypothesis 4) and the lead user index (hypothesis 2b) on the one 
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side and innovation attractiveness on the other side.  Hypothesis 5b is clearly rejected.  We will 

deliver an interpretation of this finding in the final section. 

 

Integration: finding commercially attractive user innovations  

To this point we have carried out a two-step analysis.  First we identified a set of user 

innovations (section 4.2) and then we classified them according to relative attractiveness (section 

4.3)  In real-world practice, however, manufacturing firms will not care how effective lead user 

variables are in identifying all user innovations – they will care only about selective identification 

of the most commercially attractive ones.  In this section, therefore, we test which component(s) 

of the definition and innovation-related resources are most effective at identifying commercially 

attractive user innovations in a “one step analysis.”  To conduct this test, we will focus only on 

the “top 12” most attractive innovations in our sample of 30.  These innovations have 

attractiveness index values ranging from 9 to14. 

 

Insert Table 5 about here 

 

As can be seen in table 5, the expected benefit component of the lead user definition and 

resource variables are less important when it comes to selectively identifying commercially 

attractive innovations than is the second lead user component, being ahead on marketplace trends 

(model 3 and 8).  Combining both components into an index variable slightly reduces explanatory 

power (model 4 and 9).  The best explanation comes from using the second lead user component 

in the lead user definition together with the resource index (models 7 and 8). 

 

5. Discussion 

In this study we have for the first time empirically confirmed the hypotheses that 

comprise the lead user theory.  We have found that a high intensity of lead user characteristics 

displayed by a user has a positive impact on the likelihood that the respective user innovates.  We 

also found a positive relationship between intensity of lead user characteristics and the 

commercial attractiveness of user’s “most important” innovation.  We confirmed that the two 

components of the lead user definition – being ahead of the trend and obtaining a benefit from the 

innovation – work as postulated in the lead user theory: high benefits expected are associated 

with innovation likelihood and a position ahead of the trend is associated with innovation 
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attractiveness.  In addition we found that innovation-related in-house resources contribute to 

explaining user innovation likelihood.   

Unexpectedly, we also found that a single component of the lead user definition – being at 

the leading edge of a marketplace trend – predicts both user innovation likelihood and innovation 

attractiveness.  Extant literature had suggested that the “ahead of the trend” variable would 

predict innovation attractiveness only.  We speculate that the “ahead of marketplace trends” 

component of the lead user construct also predicts the likelihood of user innovation because it 

addresses the “supply side” of the innovations desired by lead users.  Lead users experience needs 

for products ahead of others in the marketplace, and the “leading edge” of markets are by 

definition small and in addition may be uncertain.  As a consequence, manufacturers are unlikely 

to have a product on offer when lead users encounter a need for it – and those that do want the 

product early are likely to have to innovate rather than buy.  The further ahead of a trend a user is, 

the lower the likelihood of an existing solution and so the greater the likelihood this “supply side” 

motivator will contribute to inducing innovation.  Future studies are needed to test this new 

hypothesis in an independent sample to determine whether this effect constitutes a general 

extension of the lead user theory or is restricted to our study only.  (We ourselves believe it will 

be determined to be quite general, because the cause we propose seems quite general in nature.) 

A second important matter is the confirmation of the finding by Morrison et al. (2000) 

that in-house resources have a major impact on the likelihood of innovation by users.  However, 

we found no correlation between in-house resources and innovation attractiveness  (hypothesis 

5b).  Thus, resources appear necessary but not sufficient for yielding attractive innovations.   

Due to reasoning discussed earlier (section 2) we propose that innovators’ in-house 

resources will be found to be important predictors of innovation likelihood when either or both of 

two conditions hold: (1) information about the potential returns of an innovation held by a 

potential user-innovator is “better” than the information on that opportunity obtained by outside 

investors and; (2) investment in an innovation is not expected to create an innovation-related 

profit stream that could be used to repay an outside investor.  In contrast, in-house resource 

measures will not predict innovation likelihood under conditions of perfect distribution of 

information and profit-making innovations.  (Recall that, given perfect information about an 

innovation that would generate an attractive stream of profits, financial resources would be 

available from the user or outside sources on equal terms, independent of the amount of resources 

held by the innovator itself.)   
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In sum, our empirical research has shown that lead user theory is empirically quite robust.  

Even a simple index variable containing only the two variables integrated into the lead user 

definition works quite well to identify user-developed innovations having commercial promise 

for a wider marketplace 

With respect to practical applications of the lead user theory, our findings suggest that the 

variables that will be most effective for identification commercially-attractive user innovations 

will differ depending upon study conditions and goals.  When the goal is to identify as many 

user-developed innovations as possible independent of commercial promise, then this can be 

achieved by adding resource variables to the innovation benefits variable.  However, the more the 

innovation type under study is justified by measurable financial outputs - “If I improve the 

performance of process machine X by developing a modification at the cost of $Y I can expect to 

make $Z more profit per year.” - the better expected benefit variables will perform relative to in-

house resource variables for to identification of user innovations.  Adding an “ahead of the trend” 

variable adds very little more to innovation-identification performance.  In contrast, when one 

only wishes to identify the user innovations having the highest commercial attractiveness, using 

only a trend variable works quite well, with a modest additional increase in performance coming 

from – in this sample – in house-resources.  

Finally, we offer two suggestions for further research.  The first springs from the 

observation that the empirical study presented here was focused on users innovating with respect 

to Apache, an open source software product.  The open source software context differs from that 

of most product types in that users are explicitly encouraged to modify the product – indeed, the 

entire product is the net result of many innovations freely contributed by users and others.  We 

see no reason why this unusual aspect of our study context will affect the generalizability of our 

results.  However, only similar studies carried out in other product and service arenas can 

determine this with certainty.   

Second, we note that in this study we focused on how one might selectively identify the 

most promising innovations among lead users within a target market.  However, Lilien et al. 

(2002) have found that innovations by users offering “breakthrough” potential for a target market 

will often be found among lead users entirely outside of a target market population facing needs 

that are more intense than and/or ahead of all members of the target market.  Those seeking 

“breakthrough” innovations developed by lead users will therefore find it very important to 
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explore how to incorporate promising groups of “outside” lead users into empirical research on 

innovations developed by lead users.   
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TABLE 1 
User innovation tends to be frequent and concentrated among “lead users” 

Innovation area No. of users sampled % Developing 
innovation for in-
house use 

Innovating 
users were 
“lead users”?

Industrial Products    
Printed Circuit CAD 
Software (a) 

136 user firm attendees at 
PC-CAD conference 

24% Yes 

Pipe Hanger Hardware (b) 74 Pipe hanger installation 
firms 

36% n.a. 

Library Information 
Systems (c) 
 

102 Australian  Libraries 
using computerized library 
information systems 

26% Yes 

Apache OS web server 
security features (d) 

131 Apache users 19% Yes 

Medical Surgery 
Equipment(e) 

261 clinic surgeons 22% n.a. 

Consumer Products    
Outdoor Consumer Products 
(f) 

153 outdoor specialty mail 
order catalog recipients 

10% Yes 

“Extreme” sporting 
equipment (g)  

197 expert users 38% Yes 

Mountain bike equipment 
(h) 

291 expert users 19% Yes 

TABLE 1 (CONTINUED) 
Notes to table 1 

 
Sources of Data: (a) Urban & von Hippel (1988); (b) Herstatt & von Hippel (1992); (c) Morrison, 
Roberts & von Hippel (2000); (d) Franke & von Hippel (2002); (e) Lüthje (2003b); (f) Lüthje 
(2003a); (g) Franke & Shah (2003); (h) Lüthje, Herstatt & von Hippel (2002). 
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TABLE 2 
Commercial attractiveness of user innovations 

 1 2 3 4 5 6 7 
Newness a 6.7% 16.7% 20.0% 16.7% 20.0% 16.7% 3.3% 
Market 
potential b 

0.0% 13.3% 16.7% 33.3% 20.0% 6.7% 10.0% 

a Rating scale (1 = small improvement; 7 = completely new) (n=30) 
b Rating scale (1 = very small; 7 = very big) (n=30)
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Variable 
 

Measurement 

Motivational Variables 
Lead User  • “We experience new server security needs earlier than most other 

organizations” (7-point rating scale) 
• “Our organization has a high need for server security” (7-point 
rating scale) 
• “Our organization has benefited significantly by the early adoption 
and use of Apache security features (e.g. new modules)” (7-point 
rating scale) 
• “Our organization would benefit significantly from building new 
Apache security features (e.g. new modules)” (7-point rating scale) 

Resources  
Programming 
skills 

• “Some people in our server maintenance group are able to do some 
modifications of Apache that involve coding” (7-point rating scale) 

Encouragement 
by organization 

• “Our organizational policy encourages “home-made” changes to 
Apache” (7-point rating scale) 

Time • “Our group has the time to work on possible improvements to 
Apache” (7-point rating scale) 

Funds • “Our group has the funds to pay external programmers to help us 
improving our version of Apache” (7-point rating scale) 

Innovative activities 
Likelihood of 
innovating 

• “Are you currently using additional security related modules of 
Apache in your organization?” 
• Answer scale: (1) no, standard version only (downloaded from e.g. 
Apache or purchased from Red Hat) (2) no, security enhanced standard 
version only (purchased from e.g. Covalent or Stronghold) (3) Yes, we 
added security related modules (downloaded from e.g. 
www.modules.apache.org (4) yes, we used a customized version 
(security related modifications that involved coding).  Only 
respondents who checked (4) were treated as innovators 

“Attractiveness” 
of the most 
important 
innovation your 
webmaster 
group has 
developed 

„Please rate the most important product idea/improvement on the 
following dimensions“ 
• newness (7-point rating scale: 1 = small improvement to an 
existing product, 7 = completely new product) 
• market potential (number of potential users) (7-point rating scale: 1 
= very small, 7 = very big) 
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ENDNOTES 

1 In some studies shown in table 1, the proportion of users innovating in the general user 

population will be lower than that reported in the study due to intentionally-introduced sample 

biases.  For example, the study of mountain biking by Lüthje et al. (2003) was intentionally 

directed towards mountain bikers who were members of biking clubs located in a known “hot 

spot” for user innovation.  Other studies without such biases, however, also report high 

proportions of users innovating.  Thus a study of the entire population of Australian libraries 

found that 26% had made in-house modifications to the computer software of the “OPAC” 

systems they use for record-keeping and patron information searches (Morrison et al. 2000).  On 

the basis of present data, therefore, it seems safe to conclude that “many” users do engage in 

product development and modification in many fields. 

2 “Traditional” customer-focused idea generation methods have two characteristics in common.  

First, they obtain data from representative users or customers at or near the center of the intended 

target market.  Second, they obtain need information only, and assign the task of generating ideas 

for solutions leading to new products to manufacturers (Griffin, 1997, Haman 1996, Rangaswamy 

& Lilien 1997, Eliashberg, et al., 1997, Lonsdale, Noel & Stasch, 1996).  

 
3 The LES contains four component measures, three of which are very closely related to the 

components of the lead user construct. The first two, Benefits Recognized Early and High 

Benefits Expected, represent the two components of von Hippel’s original lead user definition. 

The third represents direct inquiries regarding of the level of these two components in 

interviewees’ own firms, and in other firms with which the interviewees are familiar. The fourth 

set represents measures of innovative activities that have been hypothesized to be associated with 

Benefits Recognized Early and High Benefits Expected. 
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