Pricing decisions of consumer innovators

Tobias Ebbing, Christian Liithje
Hamburg University of Technology

Accepted for publication in Research Policy in December 2020. This is our working copy.
Please cite and find the final published version at: https://doi.org/10.1016/j.respol.2020.104169

Abstract

Increasing numbers of consumers who engage in the development of new products are selling their
innovations on online marketplaces. We contribute to the scarce research on the commercialization
activities of consumer innovators by comparing the consumers’ price decisions with the pricing of firms.
Our predictions build on the baseline assumption that the price decisions of consumers are influenced by
the same motivations that originally prompt them to innovate. We use a sequential mixed-method
approach with a quantitative main study and follow-up qualitative research. The quantitative results draw
on a matched-pair analysis of 4,242 computer games released on the online game platform Steam. We
find that consumer innovators charge lower prices than firms for comparable games and that consumers
and firms show different inclinations in aligning prices with the games’ development costs and perceived
quality. The subsequent interview study with 29 hobbyist game developers provides clear support for the
motivational explanations of consumers’ pricing decisions. The findings contribute to research on
consumer innovation marketing and nascent entrepreneurship. They also improve the understanding of

welfare effects resulting from increasing commercial activities of consumers.
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1. Introduction

Research has documented high levels of innovation activities performed by non-firms, i.e. innovators
who are not directly paid for their engagement and who are not innovating in and for legal entities (Bogers
et al., 2010; de Jong, 2016). There are many names for these individuals, including amateurs, hobbyists,
users, and tinkerers. Recently, they have been termed household sector innovators, encompassing all

innovating members of the consuming population (ESA, 2010; Gault, 2018; OECD, 2018).

We investigate the pricing practices of consumers who seek to capture the economic value of their
innovations by offering them for sale. They can be seen as an intermediate or hybrid innovator type that
is positioned between free innovation, with its purely self-rewarding nature, and traditional firm
innovation, which has the core objective of selling innovations to others (von Hippel and von Krogh,
2006; von Hippel, 2017). Only a small research stream has investigated how entrepreneurial consumer
innovators behave in the pursuit of commercialization. Early studies highlighted the “accidental” nature
of user entrepreneurship activities. It was found that user innovators usually engage in innovation to
meet personal needs and only opt for commercialization after receiving signals that their inventions are
also valued by other users (Shah and Tripsas, 2007). Subsequent research analyzed a few fundamental
aspects of the users’ commercialization approach. Notably, several studies document the importance of
user communities as a complementary asset for industry entry, and empirical research highlights the
tendency of users to avoid direct competition with incumbents by pioneering in emerging fields or
taking unobserved market niches (Baldwin et al., 2006; Haefliger et al., 2010; Fauchart and Gruber,

2011; Shah and Tripsas, 2012; Agarwal and Shah, 2014; Oo et al., 2018).

However, we know little about specific marketing- and sales-related decisions that consumer innovators
take after deciding to sell their innovations. This is particularly true for pricing, which is a key instrument
in the commercialization of new products and services. Pricing is comparatively flexible in use and, in

most markets, pricing effects manifest strongly and swiftly in new product success (Ingenbleek et al.,



2010). To our best knowledge, there has been no empirical study of how consumer innovators set prices
and whether their prices differ systematically from those set by firms. Hence, our objective in this study

is to investigate the pricing practices of consumer innovators relative to those of firms.

Making progress to understand the pricing behavior of consumer innovators seems promising in light
of the existence of numerous online (maker) marketplaces for digital and physical goods (Kuznetsov and
Paulos, 2010; Crogan, 2018; Whitson et al., 2018). These markets open low-cost paths to innovation
diffusion and create opportunities for users to gain monetary returns (Baldwin and von Hippel, 2011;

Halbinger, 2018; Claussen and Halbinger, 2020).

Platform-based markets also provide a favorable context for triggering opportunity recognition and
exploitation as they make the commercialization of consumer innovations visible to a broader public.
These online marketplaces provide an ideal ground to encounter examples of commercially active and
successful consumers. This increases social acceptance of user entrepreneurship and stimulates consumers
to develop own opportunity beliefs (Autio et al., 2013, 2014). All these favorable conditions have boosted
and will probably continue to boost the number of commercially active consumers, which in turn makes

consumer innovators’ pricing decisions a relevant research topic.

The study framework builds on user innovation research, showing that consumers’ innovation activities
tend to be initially stipulated by a mixed set of expected self-rewards (e.g. enjoyment and learning, solving
own problems) that precede or complement interest of monetary returns (Hertel et al., 2003; Shah and
Tripsas, 2007; Stahlbrost and Kareborn, 2011). We posit that, rather than being obliterated by commercial
interest, these expected self-rewards remain salient and impact consumers’ pricing decisions and
commercialization activities down the road. This compact theoretical logic allows us to develop basic

hypotheses regarding differences in price levels that consumers and firms charge for innovations. We also



develop hypotheses regarding the relative impacts of costs, perceived quality, and product competition on

both innovator groups’ pricing.

We test the hypotheses in an explanatory sequential mixed-method study (Johnson et al., 2007). The
research sequence begins with the collection of quantitative data, followed by a qualitative phase helping
to validate the explanations that underpin the quantitative research model (Creswell and Plano Clark,
2018). The quantitative main study draws on rich data from the computer games marketplace Steam. We
compared 2,121 matched pairs of novel firm-developed and consumer-generated computer games
published on the platform. The analysis confirmed that consumer innovators charge lower prices than their
firm counterparts for computer games of similar size and quality. Our findings also show that innovating
consumers account for key price determinants differently than firms. Development costs are less important
for consumers than for firms, while perceived quality plays a significantly stronger role in consumers’
pricing decisions than in those of firms. Contrary to our expectation, competitive intensity did not show a

stronger effect in consumers’ price setting than in firms’ pricing.

The qualitative follow-up study analyzes data collected in interviews with 29 consumer innovators,
adding in-depth explanatory insights to our model. The analysis of interview responses provided clear
support for our proposed motivational explanation. Most respondents’ innovation efforts were in fact not
dominated by monetary expectations, but driven by a mix of self-rewards. The results also support the
validity of the motivational explanations regarding the weaker importance of cost and the stronger role of

perceived quality as determinants of the consumers’ pricing decisions.

This is one of the few studies on innovating consumers’ exploitation of business opportunities. Thus,
we contribute to research on the motivational basis of user innovation. The results also add to the user
entrepreneurship research by highlighting the role of non-monetary expectations to explain decisions in

value capturing. The findings on different pricing practices of consumers vs. firms also provide a starting



point for a better understanding of innovating users’ effects on competitive dynamics and welfare creation
in markets that are characterized by a mix of amateur consumers and professional firms. After all,
consumers’ pricing has the potential of putting price pressure on incumbent firms and to allow customers
to satisfy their needs at a higher surplus (Jeppesen and Frederiksen, 2006; Markman and Waldron, 2013;
Boudreau and Jeppesen, 2015; Halbinger, 2018). Finally, our study results have practical implications for

firms that compete with an increasing number of innovating consumers in online market platforms.

2. Theoretical Background

2.1 Linking innovation-related motives and pricing decisions

Most research on the subject of pricing is based on normative frameworks that assume rational decision-
making (Tellis, 1986; Diamantopoulos, 1995; for an overview see Kienzler and Kowalkowski, 2017).
Stimulated by the large body of research into behavioral decision-making, a much smaller research stream
found that observable outcomes of pricing decisions often deviate from assumptions of perfect rationality
(Liozu and Hinterhuber, 2013; Kienzler, 2018). One broad theme is that deciders in pricing may not
conform to a standard utility framework that solely includes the maximization of the own monetary payoff.
For instance, it has been shown that several types of social preferences such as fairness orientations or
generosity as well as interpersonal relationships influence how individuals and groups decide on prices

(Kahneman et al., 1986; Uzzi, 1997; Mandel, 2006).

In line with this scant research work, we adopt a behavioral lens to propose differences between
consumer innovators and firms. Personal dispositions can be expected to more strongly influence
consumer innovators’ pricing than that of firms. After all, consumers do not need to align their decisions
to company strategies and organizational structures (Homburg et al., 2012; Liozu et al., 2014). The
theoretical framework of this study builds on the key assumption that consumer innovators’ pricing is

influenced by the same motives that stimulate them to start innovating in the first place (Stahlbrost and



Kareborn, 2011; Hienerth et al., 2014; Stock et al., 2015). Two basic considerations underpin this central

assumption.

First, we question that commercializing innovating consumers are primarily motivated by expectations
of financial return when they start innovating. This stands in contrast to classical research in
entrepreneurship. In this widely shared view, purposive entrepreneurial processes begin with the
identification and evaluation of business opportunities, followed by the deliberate decision to
commercially exploit the feasible and desirable ones (Shane and Venkataraman, 2000; Carter et al., 2003;
Autio et al., 2013). However, Shah and Tripsas’ (2007) results paint a completely different picture,
suggesting that most end-user entrepreneurship activities can be termed accidental. Consumers often first
discover non-commercial opportunities that do not require compensated transactions on markets; most
start to innovate for self-rewards. It is only after receiving positive feedback to their innovations that
innovating consumers may decide to exploit their innovations’ commercialization potential (Haefliger et
al., 2010; Halbinger, 2018). In other words, even consumers who eventually decide for commercialization
are initially not primarily or not at all driven by the expectation of monetary profits (Shah and Tripsas,

2007; Haefliger et al., 2010; Oo et al., 2018).

Second, we suggest that when consumer innovators embark on a path towards entrepreneurship and
commercialization, the initial innovation-related personal and social goals do not fade away.
Psychological research found that values and preferences, which form the basis for key personal goals or
a person’s social identity, rarely change fundamentally; if they do, such changes take long (Kasser et al.,
1995; Burroughs and Rindfleisch, 2002). Because innovation-related self-rewards and motivations can in
fact be interpreted as direct expressions of central values and internalized norms, we expect that the
original motives cast a long shadow on the commercialization decisions of aspiring consumer

entrepreneurs (Hitlin and Piliavin, 2004).



In this study, we investigate how consumer innovators’ pricing decisions differ from those of
commercial firms. We investigate the extent to which consumer innovators deviate from firm innovators
regarding the price levels charged for similar products and services. Besides the price levels, we explore
factors that are commonly suggested to influence pricing. Most normative economic frameworks describe
price as a function of cost, customer value, and competition (Ohmae, 1982; Hinterhuber and Liozu, 2019).
These three categories of price determinants are colloquially referred to as the 3 Cs of pricing and were
translated into three pricing approaches: cost-informed pricing, customer value-informed pricing, and
competition-informed pricing (Nagle and Miiller, 2018). We structure our expectations along this triad of
pricing determinants and develop expectations of how strongly they affect the pricing decisions of

consumers and firms.

<< INSERT FIGURE 1 ABOUT HERE >>

2.2 Price differences between comparable consumer-developed and firm-developed innovations

The innovation activities of firms and consumers have different rationales. Innovating firms are
rewarded by appropriating economic benefit from their creations (von Hippel, 2017). Realizing profit-
maximizing prices is a key objective for them (Tellis, 1986; Diamantopoulos, 1995; El-Ansary, 2006).
This implies that if companies identify room to increase their profit by setting higher prices, they will

likely exploit this opportunity.

There is reason to believe that consumers deviate from this practice. While consumer innovators’
decision to commercialize can in fact be interpreted as a manifestation of self-interested behavior,

consumers are usually not solely driven by the goal to maximize profits but are rather motivated by a



mixture of different benefit expectations (Raasch and von Hippel, 2013a; Hienerth et al., 2014; Stock et
al., 2015). Some self-rewards are directly tied to the innovation work and rather independent from the
social context. Most notably, many consumer innovators report having started to innovate because they
hoped to develop a solution for their own use (von Hippel, 2005; Hienerth et al., 2014). They often also
indicate seeing their engagement as fulfilling, generating personal enjoyment and offering multiple
learning opportunities (Lakhani and Wolf, 2003; Raasch and von Hippel, 2013a). Other self-rewards that
drive individuals to innovate are linked to the social context insofar that they require interactions with
others. These motivations may include the desire to contribute to a community or to solve others’ problems
(Hars and Ou, 2002; Lakhani and Wolf, 2003). They are often activated by socially endorsed norms (e.g.
altruism or reciprocity) in which appropriate behaviors are instrumental to achieving social rewards such

as appreciation and allegiance amongst peers or communities (Benkler, 2006; Kathan et al., 2015).

In alignment with motivational theories, we propose that innovation-related rewards are in a synergistic,
compensatory relationship to one another: a higher reward of one type compensates for a lower level on
another reward. Rewards constitute elements of an additive or multiplicative utility function (Vallerand,
1997; Cialdini et al., 1998). This implies that the need to set prices to maximize profit is alleviated, because
innovating consumers already benefit in various other ways in the development process (Shah and Tripsas,

2007; Gambardella et al., 2017).

In addition, setting fairly low prices, with its effect of increasing adoption, is also directly instrumental
to satisfying socially activated motivations, since harvesting these self-rewards is enhanced by diffusion
(Harhoff et al., 2003; Hau and Kim, 2011). For instance, increasing one’s status within a community of
peers is not possible without positive feedback from other users. Similarly, satisfying altruistic motives
needs a minimum level of adopters to benefit from an innovation. Innovating consumers should be inclined
to charge lower prices to increase the number of adopters, even at the costs of pecuniary profits. Thus, we

propose:



H1: Consumer innovators charge lower prices than firm innovators for similar products.

2.3 The relationship between development costs and prices

Cost-informed pricing starts from the variable and fixed costs for the development, production, and
marketing of a product, and adds a profit margin to arrive at the sales price (Ingenbleek et al., 2003; Nagle
and Miiller, 2018). Since information about costs is fairly easy to collect, this approach enjoys constant
popularity, despite its frequently discussed theoretical inferiority (Hall et al., 1997; Larson, 2019). Thus,
there is very likely a strong correlation between the innovation-related costs and the prices that firms

charge for their innovations.

While consumer innovators also incur costs of development, production, and diffusion, they have been
found to operate in low-cost corridors in the design and development stage of their innovation projects
(von Hippel, 2005; Hienerth et al., 2014; Liithje and Stockstrom, 2016). For innovators whose primary
purpose is not return on investment, it does not seem appropriate to invest heavily in the acquisition of
new and dedicated resources (Riggs and von Hippel, 1994). Making considerable investments may even
be detrimental for achieving high self-rewards. For instance, designing solutions that can only be
developed at high risk and high expenditures may decrease the prospects of successful completion and
thus the likelihood to benefit from the innovation process and the innovation outcomes (Csikszentmihalyi,

2000).

Consumer innovators’ tendency to rely primarily on available or easily accessible resources implies that
the largest share of innovation-related costs should be associated with the time consumers spend on
development activities (Hienerth et al., 2014). This is particularly so for digital products that are typically
associated with low or no production and distribution costs and primarily incur development costs in the
form of human effort (Huang and Sundararajan, 2010; Jones and Mendelson, 2011). The time consumers

invest in the creation of innovations constitutes costs, but primarily has the character of opportunity costs



rather than de facto payouts. Other than firms with employees, developing consumers don’t need to
compensate their innovation effort by cash inflows in order to ensure financial solvency (Bowman and

Ambrosini, 2000; Baldwin and von Hippel, 2011).

Innovating consumers can be assumed to not consider the opportunity costs of time at all when thinking
about appropriate prices. Most consumers innovate in areas of high personal involvement and interest
(Bogers et al., 2010; Roszkowska-Menkes, 2017), such as sports and other leisure time activities (Liithje
et al.,, 2005; Hienerth, 2006). The high enjoyment and learning motivation should influence the
interpretation of innovation effort and move opportunity costs of time out of the set of factors that
consumers use when making their pricing decisions (Csikszentmihalyi, 2000; Shah and Tripsas, 2007;
Raasch and von Hippel, 2013b). The cost of time and effort may even be perceived as negative by

consumer innovators (Harhoff et al., 2003).

In sum, consumer innovators incur fairly negligible monetary expenses in the development process,
alleviating the need to charge cost-covering prices. Further, consumers rarely consider their working time

as a cost that should be compensated by revenues. Thus, we conclude:

H?2: Consumer innovators relate prices less strongly to the development costs than firm innovators.

2.4 The relationship between perceived quality and prices

Value-informed pricing has gained high popularity among marketing researchers and practitioners
(Ingenbleek et al., 2003). This approach puts the benefits that are created for customers at the center of
pricing decisions (Hinterhuber, 2008; Kienzler and Kowalkowski, 2017). In the consumer behavior
literature, customers’ perceptions of the gross benefits of a product or service are termed perceived quality,
defined as the subjective evaluation of excellence of goods that excludes the disutility or cost to obtain

them (Zeithaml, 1988; Priem, 2007). Notably, by excluding the price to pay for the benefit, our



conceptualization and that of others differs from the concept of net value or the colloquial notion of value
for money (Bowman and Ambrosini, 2000; Li and Hitt, 2010; Liozu and Hinterhuber, 2013). According
to this definition, perceived quality reflects an overall assessment or second-order construct, that results
from a multi-attributive evaluation of all attributes that are important for a consumer to accomplish

favorable ends (Zeithaml, 1988; Woodruff, 1997; Stylidis et al., 2020).

Consistent with our baseline assumption, we propose that the tendency to focus on perceived quality in
pricing is particularly high among consumer innovators because their behavior is partially driven by
socially activated motivations such as receiving approval and respect from the peer group (Hars and Ou,
2002; Hertel et al., 2003; Lakhani and Wolf, 2003). Consumer innovators can be expected to care about
how their pricing decisions are interpreted by other users, particularly by the future buyers of their

innovations.

One of the most salient interpretations of prices by customers is perceived price fairness (Maxwell,
2002; Bolton et al., 2003). Buyers subjectively assess whether a price is reasonable, acceptable, and
justifiable (Bolton et al., 2003; Xia et al., 2004). Such distributive justice is assessed if the perceived
quality is at least proportional to the payment. To benefit from diffusion and to maintain social rewards,
consumer innovators should avoid dissatisfaction, altruistic punishment, and negative word-of-mouth
from adopters that could result from unfavorable ratios of perceived quality and asking price (Campbell,
1999). On the contrary, consumer innovators should have a high inclination to set prices that are
interpreted as a fair reflection of quality so as to maintain a positive self-image (Halpern, 1997; Mendes-

Da-Silva et al., 2008).

In contrast, in a classical economic business logic, implementing prices is mainly a competitive zero-
sum game in which suppliers and customers fight to maximize their own surplus: “What is gained by the

firm is lost by the customer and vice versa” (Hinterhuber, 2004). A profit-oriented firm is less likely to
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strongly socially identify with prospective buyers. Thus, socially endorsed norms are unlikely to

complement the orientation towards clear financial performance indicators of firms (Burkert et al., 2017).

This does not imply that quality-informed pricing is irrelevant in firms’ pricing decisions. However,
even firms that wish to deploy quality-informed pricing often lack the intimacy with their customers to
develop a valid understanding of the drivers of perceived quality, whereas consumer innovators are in a
much better position to arrive at accurate estimations of the customers’ quality perceptions (Liozu et al.,

2012; Toytéri et al., 2015).

We therefore propose that consumer innovators charge prices for their innovations that mirror the

perceived quality more accurately than prices set by commercial firms:

H3: Consumer innovators relate prices more strongly to the perceived quality of their product than firm

innovators.

2.5 The relationship between competitive intensity and prices

Most theoretical models of imperfect competition predict that a higher number of substitutes correlates
with lower price levels by putting more competitive pressure on suppliers in a market (Day and
Montgomery, 1999). One explanation for this effect is that vendors are willing to accept lower margins to
uphold their sales volume and market shares (Shipley and Jobber, 2001; Liu, 2010). Yet, reacting to higher
competition levels with lower prices can lead to price battles, with economically devastating
consequences. Thus, commercial suppliers tend to consider other options before adjusting their prices
(Geylani et al., 2007; Cachon and Swinney, 2008). Firms can for instance take advantage of economies of
scope in communication activities to increase their brands’ reputations. They also use their marketing
budgets to build a stronger awareness about the differentiation value of their products. By achieving a
unique position on customers’ perceptual maps, innovators can work on partly detaching from the number

of available substitutes to avoid having to reduce prices (Leuthesser and Kohli, 1993).
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We propose that firms will more often decide for these nonprice-related marketing measures, whereas
consumer innovators have a higher inclination to adapt their prices to competitive intensity. De-
commoditization of own products via marketing activities should not be a viable option for consumers
who widely lack appropriate assets (e.g. sizeable financial resources and managerial execution excellence)
to conduct such activities beyond their communities (Burger-Helmchen, 2008; Agarwal and Shah, 2014).
Even more importantly, consumers should not even have a high interest in eluding competition as a factor
in their pricing decisions. Some of the most salient reward expectations can only be met if a consumer
innovation reaches a minimum adoption level in the market. Direct competition negatively impacts on the
likelihood of widespread adoption when own prices are higher than those of the substitutes. Thus,
consumer innovators may tend to purposefully react to competitive intensity by setting lower prices to

boost the adoption of their innovations. To conclude, we expect:

H4: Consumer innovators relate prices more strongly to competitive intensity than firm innovators.

3. Method

This research is based on a sequential explanatory mixed-methods design in which the main quantitative
research is followed by a qualitative study (Creswell et al., 2003; Johnson et al., 2007; Creswell and Plano
Clark, 2018). First, we rely on quantitative data gathered in a large sample of new product releases to
statistically compare the pricing decisions between consumers and firms. Second, we conducted open-
ended interviews with consumer innovators to illuminate the rationales behind their pricing decisions by
revealing the consumers’ underlying motivations. These qualitative results not only validate the theoretical
explanations that underpin the quantitative study, but they also expand the quantitative findings by
highlighting interesting differences among consumer innovators and by illustrating some outlier results

(Morgan, 2017).

3.1 The empirical setting and the quantitative dataset
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We chose the product area of computer games as our research setting. The computer games industry
has seen a surge of platform-based marketplaces on which amateurs and hobbyists offer their games
alongside professional computer game companies. The games market platform Steam, which is run by the
Valve Corporation, is by far the most prominent among them and has received increasing attention from

other researchers in different fields (Sifa et al., 2014; Lin et al., 2018).

Soon after its establishment in 2003, Steam was opened to third-party developers in 2005. At first, the
submissions were manually evaluated and selected for publication on the platform. In 2017, Valve decided
to publish games without extensive evaluation against a recoupable submission fee of USD 100 per game.
Following this change, individuals, amateurs, and hobbyists, i.e. developers that fit our definition of

commercially active consumer innovators, increasingly populate the Steam marketplace.

For the quantitative main study, we compiled a cross-sectional dataset of 13,969 computer games
available on the US Steam platform in April 2018. The API of the Steam store was used to extract relevant
game information (e.g. game titles, developer names, game genre). We blended this data with information
extracted from the third-party sites Steam Spy and Steam DB (e.g. average playtime, rating score, price
history). We identified 11,986 games that at some point were sold for a non-zero price and offered no in-

game purchases. These games form the basis for the following three-step screening process.

To categorize the game developers as consumer innovators or firm innovators, we used the foundation
of a legal business entity administered as per corporate law as the key criterion. In step 1, we linked the
developer names to information from three further game developer databases (Indiedb, Moddb, Wikipedia
entry titles). By reading through 500 randomly selected developer profiles, we created a list of terms
describing a legal institution in the business sector (e.g. firm, corporation, enterprise) and legal company
suffixes (e.g. LLC, GmbH, S.A., Ltée, N.V.). Next, we machine-scanned the profiles and categorized all

entries that matched at least one list term as a firm. For now, we categorized all game developers with no
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match as consumer innovators. This led to a preliminary categorization of our sample into 1,426 firm

developers with 3,535 games and 5,916 non-firm developers who had created 8,451 games.

The next step 2 was an extensive manual screening to reduce the risk of false positives in the consumer
innovators group. A random subsample of 3,001 developers, representative of the preliminary identified
consumer innovators regarding size and game ratings, was drawn and manually controlled. We entered
the developer names in combination with ‘game’ into a search engine and read the first 10 search results
for any indication for an existing firm. In the 520 cases of matching indications, the developers were re-
assigned to the group of firms, yielding 1,946 confirmed firms (1426 + 520) that are responsible for 4,412
games. After this second screening, we confirmed 2,481 developers (83% of the pre-identified sample) as

consumer innovators, having published 3,622 games.

In step 3, we excluded all games commercialized by publishers rather than the games’ originators.
Handing a project to a publisher moves the pricing decision away from the game developer and thus
decouples the innovation work from commercialization decisions. This should have significant effects on
the pricing of games. For instance, the prices are likely to be affected by strategic considerations of
publishers managing a broad portfolio of games from different game development entities. Further, most
publishers have no own game development costs. This makes it less likely that the development costs
influence the publishers’ pricing. The exclusion of publisher game titles left us with 2,649 firm-developed
and 2,725 non-firm-developed games. These two sub-samples constituted the basis for the subsequent

matching procedure.

3.2 Sample of matched-pairs

As common in retrospective categorization in cross-sectional studies, our units of analysis are not
randomly assigned to the different categories of consumer innovator games and firm games (Brazauskas

and Logan, 2016). To reduce the likelihood of receiving biased estimates owing to imbalanced observable
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variables between the two game categories, we built a matched-pair sample by applying nearest neighbor
propensity score matching (Rubin, 1979). We selected the game size in MB and the average user ratings
of the games as continuous matching variables. These characteristics are important in our study and
showed the largest deviation in means. The resulting sample of 2,121 pairs of games is free of significant
group differences between mean game size (t(4238.9) = 0.696, p = 0.486) and ratings (t(4215.3) = 1.1055,

p =0.269). For descriptive statistics, see table 1.

<<INSERT TABLE 1 ABOUT HERE >>

3.3 Variables of quantitative research

3.3.1 Dependent variable: Game prices
New computer games are often published at a discounted introduction rate to encourage early purchases
before they are sold at a regular price (Nair, 2007). To avoid distortion by these short-term promotional

prices, we chose the first undiscounted price in USD as dependent variable in our analysis.

3.3.2 Independent variables

Developer type: Consumer innovator vs. firm innovator

As indicated in 3.1, we employed a formal criterion to distinguish the two focal game developer types.
We categorized all legal and separately identifiable entities as firm innovators; these serve as the reference
level in the analysis. We classified all game developers for which we found no indication for the existence
of a company as consumer innovators. By this, we followed the definition of the statistical office of the
European Union Eurostat (2010): “[..] the households sector consists of individuals or groups of
individuals as consumers and as entrepreneurs producing market goods and non-financial and financial
services (market producers) provided that the production of goods and services is not by separate entities
treated as quasi-corporations. It also includes individuals or groups of individuals as producers of goods

and nonfinancial services for exclusively own final use."
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The foundation of a legal entity is not a perfect separator between the two focal innovator groups. The
world is hybrid and the wide range of users, hobbyists, amateurs, indie developers, professional
innovators, entrepreneurs, start-ups, innovating SMEs, and large corporations makes it difficult to draw
an exact line between consumer innovators and firms. The creation of a legal commercial entity is still the
clearest observable event that signs a move toward a paid, professionally organized, and more time-

consuming development activity aimed at profit generation.

Programming effort: Games’ file size

Assessing software development costs is deemed to be a difficult task (Jargensen, 2004). In the IT
project management literature, the most frequently mentioned measurable cost driver is software program
size (Mislick and Nussbaum, 2015). However, there are valid criticisms of the use of software size as an
indicator of the programming hours it required (Boudreau, 2018). For instance, it is noted that a
comparatively smaller file size can be the result of the developers’ attempt to create elegant and clean
code, which in turn is usually associated with a higher programming effort (Boehm and Papaccio, 1988).
However, resources like disk space are no longer very limited, so that using extensive programmer time
in order to lower the amount of code is not the first priority in games anymore (Koster, 2005). Further, in
today’s game development, a very high share of the total game development time is consumed by the
creation of complex multi-media content to design immersive game scenarios. A higher sophistication in
the self-programmed graphics closely relates to the required time to render them and translates into a larger
file size. Thus, in multimedia development, there is a strong relationship between development effort and
file size. The validity of the file size as effort indicator has further increased by the widespread use of
development engines. A study by Koster (2018) shows that the emergence of popular development engines
led to fairly uniform cost per byte ratios across game developers. Consumer innovators can be expected
to program with these professional game development engines too, since license fees are only imposed

when games generate substantial revenues.
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In sum, the file size of a computer game captures the effort invested in its development. We used the

minimum disk space needed to install a game as our measure of development effort.

Perceived quality: User ratings

Following the outlined conceptualization, perceived quality is defined as a consumer’s global judgment
relating to the superiority of a product or service (Parasuraman et al., 1988; Zeithaml, 1988). The overall
quality perception results from the subjective evaluation of the array of attributes that a consumer
considers relevant. Thus, the overall game ratings given by the players constitutes a valid measure of the
perceived quality of games. On Steam, game ratings can be either positive or negative, represented by a
thumb up or a thumb down. The total Steam score is calculated as the percentage of positive ratings on all
the ratings of a game. We employed this percentage of positive evaluations as the measure of perceived

quality.

Notably, there is substantial discussion in the literature on the validity of unidimensional ratings as a
measure of quality perception. A problem would arise if ratings did not only reflect the gross benefit
derived from the game but were also significantly influenced by the evaluation of the price paid. However,
studies raising this matter were conducted for product categories in which specific and quantifiable
functional parameters dominate the product ratings (e.g. cameras; Li and Hitt, 2010). For utilitarian
purchases, buyers can develop clear expectations about appropriate quality-price ratios based on previous
purchase experiences and by comparing the focal product to similar product alternatives. In turn, this could
make it more likely that prices matter in the ratings. We suggest that the price paid plays a weaker role in
the ratings of hedonic experience goods such as computer games. Their evaluation is mainly affective and
primarily associated with abstract, intrinsic experiential attributes such as pleasure and excitement. This
makes it harder for buyers to determine a reference for an appropriate relationship between benefits and

purchase price (Alba and Williams, 2013).
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We conducted two analyses to explore the sensitiveness of reviews to price and one analysis to estimate
the impact of noisy ratings on the quality assessments. First, a content analysis of a random sample of
review texts was used to assess how often the reviews were clearly influenced by price considerations.
We found that almost 93% of the reviews contained no reference to prices. Second, we observed if price
changes of games led to changes of ratings and found no significant differences between the ratings before
and after price variations. Third, we assessed whether reviews are confounded with non-quality related
issues. Via a content analysis of a random sample of reviews, we found that only 3% of the reviews
primarily referred to technical problems or support request. To conclude, the results provide support for
using the game ratings as a measure of perceived quality. A detailed description of the three analyses is

provided in Appendix A2.

Competitive intensity: Number of similar games available at the time of release

The competitive intensity is often defined as market concentration captured by the distribution of market
shares of the suppliers in a market (Dufwenberg and Gneezy, 2000). Steam is a marketplace with low
barriers to entry and a large variety of suppliers in every game category. Thus, the concentration of game
suppliers per game genre or game type is negligibly small. We therefore decided to capture the intensity
of direct product competition rather than using a market concentration measure. For each game in our
sample, we determined how many similar games were released on the platform within 180 days prior to
the focal game’s release. For identifying the substitutes, we used a list of the 350 most frequent tags that
Steam customers assigned to games as indicators of genre (e.g. action), game’s thematic environment (e.g.
soccer), and playing mode (e.g. shooter). We compared each game’s tags (mean = 8.44 tags; sd = 5.5) to
the tags of all games released in the previous six months. We categorized game B as a potential substitute

for the focal game A if more than two-thirds of game A’s tags matched game B’s tags.

3.3.3 Control variables

18



To account for inflation and technical progress, we controlled for the release year of the game as a
categorical variable. From three years we had just one game in the sample and therefor excluded these.
We used genre fixed effects to unambiguously control for cross-genre variation. To arrive at monosemous
genre classifications, we conducted a k-mode cluster analysis aggregating the games in eight genre
clusters: action, action-adventure, adventure, casual, roleplaying, simulations, sports and racing, and
strategy games (for descriptive statistics, see Appendix AS). We also included a covariate for the average
playing time to account for relevant game characteristics. Next, to control for market and sales experience,
we included the number of games a developer had published before introducing the focal game. Finally,
we integrated the number of game screenshots provided in the game description and the number of

different languages available as indication of the game presentation’s professionalism.

3.4 Quantitative analysis method

We used an ordinary least squares regression (OLS) analysis to estimate the determinants of computer
game prices. Table 2 reports the descriptive statistics and the correlation matrix. Correlations are low (<
|0.15|; Variance Inflation Factor < 1.85, Durbin-Watson = 1.88) and the model shows adequate linear fit
in visual control of Q-Q and residual plots. With all observations’ leverage below 0.1 and unsuspicious
Cook’s distances, no observations were removed. We refrained from applying fit-increasing
transformations in favor of interpretability. Heteroskedasticity concerns were indicated by a significant

Breusch-Pagan test. Thus, our result reports are based on robust standard errors (Lumley et al., 2002).

<<INSERT TABLE 2 ABOUT HERE>>

3.5 Qualitative follow-up study

To examine the validity of the theoretical propositions that underpin the quantitative study, the
qualitative phase of this research focused on obtaining deeper information on the motivational structure

of innovating consumers in the innovation and pricing process (Castro et al., 2010). We returned to the
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consumers of our initial sample and contacted a random sample of 200 consumers who had recently
released a computer game on Steam. We asked them to answer a set of open-ended questions in a telephone
interview. In two reminders, we added the option to answer our interview questions in writing in order to
increase the number of participants. We still preferred telephone interviews whenever they were offered.
29 consumer innovators took part in the study (adjusted response rate: 16.3%): 10 participants opted for
an interview and 19 for a written reply. For information about the participants, see Appendix A6. The

phone interviews lasted between 30 minutes and 2 hours (mean = 56 minutes).

The first part of the interview focused on the consumers’ functional role at the outset of their innovation
endeavors. We asked them to specify their initial motivations and the personal resources they had invested
in the game's development. We then asked the respondents to describe when and how they decided to sell
their computer games. Finally, the respondents were inquired about the factors and information they had
considered in the pricing process. We analyzed the responses and assigned extracted text fragments to the
content categories of innovation-related motivations and rewards, types of personal investments, triggers

to sell the game, and considered price determinants.

4. Results

4.1 Findings from quantitative research

The results of the OLS regression models, predicting the computer game prices, are reported in table 3.
The baseline Model 1 reports the control variables® estimates. Model 2 includes all independent variables
whose main effects on prices did not form part of the hypotheses. In Model 3 the developer type (consumer
vs. firm) is added. Model 4 includes the interactions between the developer type and the three potential
price determinants. The fit for the complete Model 4 is adequate (Adjusted R?>=33.7%; F =70.47;
p <0.001). Adding the main effects in Model 2 and the hypothesized main and interaction effects in Model

4 to the baseline model significantly increases the explained variance (99% and 8.4%, respectively).
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<<INSERT TABLE 3 ABOUT HERE>>

In the following we only consider the results of the complete Model 4. As one could expect, file size as
a proxy of development cost is significantly positively related to prices (b = 0.123; p <0.01). Confirming
conventional expectation, the number of similar games available on the platform (competitive intensity)
shows a negative association with prices (b=-1.549; p < 0.01). No significant relationship is given
between the mean user rating and game price (b =0.021; p =n.s.). In line with numerous investigations
of the correlation between prices and quality, the prices of games in our sample did not unconditionally

reflect a game’s quality as perceived by the players (Curry and Riesz, 1988).

Fulfilling our first expectation (H1) in the matched-pair sample of comparable games, consumer

innovator games were priced significantly lower than firm-developed ones (b =-429.75; p <0.01).

Consistent with our prediction in H2, the interaction term of developer type and development effort is
negative and significant (b =-0.040; p <0.01). The file sizes, and thus the development costs, show
weaker relationships with prices for consumer-developed games than for firm-developed games. In other
words, consumer innovators seemed to have a lower inclination to price in their development effort than

their firm counterparts.

The strongly positive and significant (b=3.028; p <0.01) interaction of perceived quality and
developer type provides support for H3. The largest share of the strong and positive main effect of
perceived quality on price in Model 3 without interaction effects can in fact be traced back to the group of
consumer-developed games. A relationship between user ratings and prices is almost non-existent for
firm-generated games, while being notedly positive and significant for games developed by consumers.
This confirms that consumer innovators show a much stronger inclination than firms to account for
perceived game quality in their pricing decisions. The effects of H2 and H3 are graphically illustrated in

Appendix Al.
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Our quantitative results lend no support for H4: The interaction term of the developer type and
competitive intensity is insignificant (b = 0.304; p = n. s.). Consumer game developers and professional
game companies appear similarly reactive to numbers of available substitutes at the time of market
introduction. Various explanations could apply. In contrast to our motivational explanation of H4,
consumer innovators may not perceive a clear advantage in adapting prices to competitive intensity.
Conversely and similar to the game developing firms, consumer innovators might try to at least partly
escape from competition-based pricing by promoting the uniqueness of their games via promotional
activities. However, the data did not provide support for this explanation. When comparing the
commercialization efforts of both innovator groups, consumer innovators put significantly less effort than
their firm counterparts into showcasing their games to a broad customer set with e.g. languages and
screenshots (see table 1). The question why there is no support for a stronger effect of competitive intensity
on consumer innovators’ prices remains unanswered. This calls for additional explanation. We explore

this in more depth in section 4.2 using the findings of the qualitative study (Castro et al., 2010).

In the following, we summarize a series of robustness checks which are documented in greater detail in
Appendix A3. First, we accounted for price dynamics and strategic considerations of pricing by using the
average price over the lifetime of a game as dependent variable - rather than using the first undiscounted
introductory price as we did in our main analysis. Further, to control for unobserved changes that may
arise if a game developer has published several games (e.g. higher reputation), we reran the analysis
exclusively including each developer’s first game. Next, to account for possible herding bias in game
assessments, we recalculated the model excluding the 30% best-rated and the 30% worst-rated games. At
last, to account for unobserved characteristics of game developers and to further reduce concerns of
omitted variable bias, we introduced the developer as random-effect coefficient. In all additional tests the

results remain steady as reported in Appendix A4.

4.2 Qualitative research findings
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Since the quantitative study did not directly capture motivational and behavioral variables of the
consumer game developers, one cannot completely exclude the possibility that pricing differences
revealed by the quantitative analysis were caused by factors other than those proposed in the hypotheses.
The following results from our qualitative interview study seek to validate the quantitative results by

reviewing the motivational accounts of the innovating consumers’ pricing decisions.

4.2.1 Functional role and innovation-related motivations

All 29 respondents indicated that they were avid computer gamers and had been playing computer
games for many years when they decided to develop an own game. They started game development as a
hobby and devoted their personal discretionary time (see table 5 for examples). Thus, all interviewees can

be categorized as users.

Their innovation activities were stimulated by a mixture of self-rewards. Most innovating consumers
(24 of 29 respondents) deliberately sought to develop a game that they themselves found valuable. They
looked forward to playing the game themselves and enjoyed the development process. Many readily stated
seeing the game’s development as a perfect way to use their creativity and to self-express (25 of 29
developers). The third most mentioned reasons for innovating was learning by doing (15 of 29
respondents). Developing a game was an opportunity to extend their experiences and improve their
skillsets. The results match the empirical evidence of several studies documenting the motivations of own
use, enjoyment, and learning as key drivers of innovation activities of users (Hertel et al., 2003;

Roszkowska-Menkes, 2017).

Less than one-third of the participants (9 of 29) stated that some commercial interest was already present
at the start of their development work. Of these, just one exceptional participant, hoping for revenues to
enable him to quickly quit his job, rated economic return as the main driver for innovating. The other eight

brought it up as complementary expectation that was not sole key to the decision to start developing an
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own game. Counts of motivation statements are listed in table 4 while table 5 displays quotes illustrating

the importance of these innovation-related motivations.

<< INSERT TABLE 4 ABOUT HERE>>

Most respondents who referred to their commercial interest reported that the idea to sell emerged fairly
late in the development process (14 of 22). Very often, they realized the potential of their innovation only
after receiving signals of interest from their family, friends, and/or other gamers. In sum, almost all the
respondents made clear that economic incentives were not the vital cause to initially justify their
innovation efforts and only became more important later. This aligns well with the results of Shah and

Tripsas (2007) for user entrepreneurs and those of Halbinger (2018) for makerspace innovators.

Interestingly, some interviewees reported that even after releasing the game for a price, revenue
generation was not the sole objective. Five sampled consumer innovators offered the same game at no
charge on another platform or were willing to share their game for free when gamers contacted them.
Another interviewee invited others to contribute changes to his game and shared revenues with
contributors. Similarly, four developers reported that they deliberately decided against implementing
features frequently requested by customers because they did not match their personal vision of what their

game should be. Apparently, they were willing to sacrifice revenue potential for personal aspirations.

<< INSERT TABLE 5 ABOUT HERE>>

4.2.2 The roles of development cost, perceived quality, and competitive intensity as price determinants
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Consistent with the quantitative results, cost considerations were of only moderate importance: 11 of
29 developers reported thinking about development costs when openly asked how they set their prices (see
the example quotes in table 6). The marginal role of costs in consumer innovators’ pricing was further
reflected in the interpretation of what respondents considered as development costs. About one-third of
all respondents stated that they had born no costs. Personal time was rarely considered as a cost, and many
respondents even forgot the mandatory USD 100 Steam publishing fee. Except for one game developer,
none of the participants kept proper track of the hours invested into their games. When asked to quantify
their total development effort, they based their answer on spontaneous and rough estimations (e.g. “past
holidays”, “all available time”). The one innovating consumer who recorded his working hours still hardly
used this to determine the price floor for his game. Although time tracking made him aware of the

unfavorable effort-return ratio, charging a relatively high price to increase his margin was still not an

option.

Across the entire interviewee sample, the articulation of cost-related considerations was most frequent
among those who also reported having had some commercial interest early in the innovation process.
Apparently, development effort matters more if there is at least some vague hope to eventually make a

living from game development down the road.

Concerning perceived quality as a price determining factor, 22 of the 29 respondents emphasized
aligning the price with the fun and quality playtime provided by their game. To assess the monetary
equivalent of the total entertainment benefit, developers asked themselves and friends how much they
would be willing to pay. They put much thought into which price would be considered fair by buyers,
showing interest in achieving a positive perception among their user peers. Unsurprisingly, 23 of the 29
respondents reported seeing potential buyers of their game as their equals rather than as transaction

partners.
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Three games developed by the respondents were outliers in that they showed an unfavorable price-
quality ratio. They originated from the small subsample of hobbyists who reported strong initial
commercialization aspirations. They all saw their game release as a training field for game development
and testing to learn about the Steam marketplace. Conversely, the nine top-rated games in our sample were
all developed by respondents with high and long-term personal involvement in the innovation process.
These consumers emphasized how important it was for them to share a reliable and entertaining game

with fellow gamers.

In line with the theoretical reasoning, competitive-intensity-related considerations are present in
consumer innovators’ price-setting: in the open-ended questions, 18 of the 29 developers reported having
considered similar games when setting prices. As proposed in the development of H4 and in alignment
with the quantitative results, no respondent reported having tried to escape the price implications of
competitive intensity by strengthening their game’s perceived uniqueness. Six respondents explicitly
stated that they had conducted no promotion or marketing activities to differentiate their game from those
of competitors. Overall, the interview and survey responses suggest that the consumer innovators in fact

strongly acknowledge the need to adapt their prices to the competitive intensity.

This observation seems inconsistent with the lack of statistical support for H4 in the quantitative study.
After all, this non-finding suggests that innovating consumers did not have a higher inclination to adapt
prices to competitive intensity than their firm counterparts. This apparent inconsistency is resolved by
looking closely at how consumer innovators specifically evaluate the competitive intensity. Different to
our expectations, most respondents stated that they did little market scanning when assessing competitive
intensity. They hardly considered the number of potential substitutes after conducting a systematic
competition analysis. Rather, they scanned a limited convenience sample of games they considered
similar. These references are used as competition anchor. Apparently competitive intensity is assessed by

using simple heuristics. Further, some respondents explained that scanning the marketplace for all
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available offers that buyers may consider as substitutes to their own game is not at all straightforward. As
noted earlier, computer games are not evaluated along a clear set of functional attributes that are likely to
be rated in a similar way by most buyers. They are rather characterized by experience and emotional
attributes whose evaluation can differ across buyers. This complicates the identification of games that are
regarded by customers as competition or substitutes. Thus, the nonsignificant interaction effect may be
attributed to the fact that a high readiness of consumers to adjust prices to competitive intensity is

countervailed by an underestimation of the actual number of potential substitutes.

<<INSERT TABLE 6 ABOUT HERE>>

5. Discussion

The establishment of online marketplaces in a wide range of product categories has created multiple
opportunities for consumers to commercialize their self-developed innovations (Wolf and McQuitty,
2011; Crogan, 2018). An increasing number of innovators from the household sector is using these low-
cost commercialization channels (Whitson et al., 2018). We sought to enrich the understanding of one key
aspect of the market behaviors of these hobbyist or amateur developers by comparing their pricing

decisions to firms’ pricing.

The main quantitative study drew on an original dataset of computer games published on Steam. The
results document that consumer innovators charge lower prices than firms for games of similar size and
perceived quality (H1). We also found that consumer innovators and firms respond differently to key

determinants of pricing. Specifically, consumer innovators related prices less strongly to the development
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costs than firms, while consumers’ prices, compared to firms’, were stronger linked to perceived quality

measured by the after-launch user ratings of the games (H2 and H3).

The qualitative research provides convergent evidence for the motivational accounts that guided the
quantitative phase of this research. Consumer innovators’ pricing decisions are largely explainable by non-
economic motivations. The interview results illustrated that development costs did not strongly translate
into prices, because the consumer innovators incurred low monetary expenditures. Even more importantly,
the respondents did not assess their invested free time as (opportunity) costs that need to be monetarily
compensated. The consumer innovators also confirmed that their origins as users made them very aware

of price fairness, which prompted them to set prices that mirrored their games’ perceived quality.

The qualitative research results also helped us to interpret the lack of support for H4, according to which
consumer innovators should adapt their prices more to competitive intensity than their firm counterparts.
The qualitative results illustrated that most consumer innovators in fact did consider similar games that
had been released on Steam. Many consumer innovators in our sample were aware that, considering their
limited resources, they could hardly expect to escape competitive price pressure with alternative
marketing. However, when thinking about appropriate prices, consumer innovators tended to limit their
attention to an idiosyncratic small set of comparable games they knew about. Thus, the consumers
accounted for competitive intensity, but in truncated, over-simplified ways. Our measure of competitive
intensity on the other hand implicitly assumed that consumers engage in a systematic and complete scan

of potential substitutes, failing to quantitatively capture their effort.

5.1 Theoretical implications

Our study contributes to the research on the sources of innovation by linking it to extant research on
pricing and price determinants. The user and free innovation literatures have provided abundant theoretical

insights and empirical results on innovation generation (von Hippel, 2005, 2017; Raasch and von Hippel,
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2013b; Stock et al., 2015). By investigating consumers who decided to bring their innovations to market,
we shifted the focus towards the exploitation of innovations. Our results provide first support that the same
motivational structure that triggers the creation of consumer innovations also affects their
commercialization. Thus, one does not need an entirely new set of theoretical lenses to explain consumer

innovators’ behaviors in marketplaces.

The results presented here also extend our understanding of the early activities of non-firm
entrepreneurs (Carter et al., 2003). We responded to calls for more research on user entrepreneurs as a
distinct group of entrepreneurial actors (Oo et al., 2018). We have provided evidence that their original
role as consumers and users manifests in distinct entrepreneurial decisions. Overall, this research suggests
that it is fruitful to extend attention beyond the motivation for monetary gain when seeking to explain
decisions relating to opportunity exploitation and value capturing (Fauchart and Gruber, 2011). For
instance, our study may stimulate more research into how non-firm entrepreneurs handle potential trade-
offs between economic and non-economic considerations when exploiting business opportunities

(Shepherd et al., 2015).

Our paper also informs research on consumer innovators’ impacts on market dynamics and welfare.
Research has indicated that a growing proportion of non-firm innovators on markets positively impacts
welfare, product quality, and customer satisfaction (Boudreau, 2018; Halbinger, 2018). The positive
effects are mainly explained by a higher variety of available product alternatives (Boudreau and Jeppesen,
2015; Gambardella et al., 2017; Boudreau, 2018). Our study suggests product prices as an additional
avenue via which commercially active consumer innovators affect markets. In the quantitative study, we
found that the prices of consumer-generated innovations were lower than those of the comparable firm-
developed products of similar size and perceived quality. This suggests that the market entry of innovating
consumers enables buyers to satisfy their needs at a lower sacrifice. The findings of the qualitative research

indicate that the higher rents on the buyers’ side did not come at the expense of lower benefits on the side
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of the consumer innovators. In sum, we have provided a first and preliminary indication that the increasing

number of consumer innovators who sell on marketplaces is associated with a positive total welfare effect.

5.2 Practical implications

Firms face an increasing number of hobbyists, amateurs, or users that are entering markets with self-
developed products. As witnessed in open source software development before, consumers who
progressively use commercial channels to diffuse their innovations foreshadow a massive transformation
of leisure activities into commercially viable work (Fitzgerald, 2006). This first investigation of their
marketing behaviors proved that consumers innovators to some extent do not play by the same rules as
firms usually do. The results suggest that commercially active consumers are willing and able to undercut
firm prices by deliberately investing their discretionary time for personal self-rewards and community-
related benefits instead of monetary returns. This may pose an even stronger threat to the financial success
of firms than the existence of free innovation. After all, commercialized consumer innovations are
uploaded to the same platforms and are presented similarly to firm-generated products. An increasing
number of consumer innovations who put low price tags on workable products can put pressure on firms
to lower their prices. Boudreau (2018) found at least weak evidence for a downward pressure on prices by
showing that professional developers charge slightly lower prices for top apps after a large number of
amateurs had entered the market. However, our results strongly suggest that engaging in price competition
will not pay off for firms, since price reductions are likely to be mirrored by consumer innovators, who
do not have to consider a cost-based price floor. Rather, product differentiation (e.g. organizing
competitions and events for their games) and/or collaborating with innovating consumers (e.g. taking the
role of publishers of consumer games) seem to be the more promising routes. Overall, our research results

call for a careful consideration of appropriate reactions by firms.

5.3 Limitations and future research
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Our results may be influenced by the specific empirical context. For instance, the cost structures of digital
products are very different to those of manufactured goods (Huang and Sundararajan, 2010; Jones and
Mendelson, 2011). Fixed costs mainly consist of development costs and are therefore sunk. Variable
production and diffusion costs are close to zero. These conditions may enhance consumer innovators’
inclination and ability to charge lower prices and to relax the link between development costs and prices.
Future work should explore whether the presented evidence is generalizable beyond computer games and

the area of digital products.

The theoretical explanations of this study are based on innovation-related motivations. Although the
findings of our qualitative study provided clear support for the key role of self-rewards for consumers’
pricing decisions, notably, the motivations of consumers and firms have neither been quantified nor
purposefully varied. We are aware that we cannot completely rule out all alternative explanations for the
pricing outcomes found in this study. Further research could employ large-scale surveys of commercially
active consumer innovators to collect more statistical evidence on how innovation-related motivations
correlate with marketing and sales decisions. An alternative approach is the intentional alteration or

manipulation of the sources of self-rewards in experimental studies.

When comparing pricing decisions between firms and consumer innovators, we did not embrace the
full heterogeneity that exists within these two vendor groups. The firms differ regarding size, development
stage, firm culture, strategic focus, available capital, and financial performance. The consumer innovators
are diverse regarding dominating values, goals, expertise, and (social) capital (Stock et al., 2014;
Pongtanalert and Ogawa, 2015). The many names used in the literature for non-firm innovators indicates
this heterogeneity (e.g. amateurs, hobbyists, tinkerers, fanatics, DIYers, hackers, users). Developing a
more fine-grained classification of consumer innovators is likely to bear considerable potential for
intriguing insights. For instance, by looking closely at our interviewees’ commercial aspirations in the

qualitative study, we could see indications of the existence of two different groups: a large group of part-
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time hobbyist opportunistic sellers, who do not plan to turn their hobby into a professional business, and
a smaller group of aspiring entrepreneurs, who accidentally find themselves on their way to the creation
of a company. In future studies, researchers may want to compare the decisions of hobbyist sellers and
nascent entrepreneurs. This could enrich the understanding of the early stages of the entrepreneurship

process.

As pointed out before, our findings indicate interesting implications for market dynamics and welfare.
However, we acknowledge that our data did not allow to measure changes in the average customer
surplus, nor could we track the price dynamics stimulated by the entry of consumer innovators.
Similarly, we did not explore the relationship between pricing and market success. The findings of this
research could stimulate scholars to quantify the direct effects of prices on consumer innovations’
market performance. For example, since prices serve as proxies for quality inferences, low prices might

have a detrimental impact on the success of consumer innovations.

Another welfare-related aspect we did not explore is a potential crowding-out effect that higher numbers
of commercialized consumer innovations may have on free innovations. The most evident consequence is
that adopters increasingly need to pay for products they otherwise may have received for free. Crowding-
out may also have drastic effects on communities in which, so far, open licenses, free revealing, and mutual

support have prevailed to date (West and Gallagher, 2006).

With valid estimations of the multiple welfare effects at hand, researchers could explore whether and
under which conditions the welfare-enhancing effects mitigate or even outweigh negative consequences
associated with an increasing market participation by consumer innovators. We trust that our findings will

motivate further research into consumer-innovators’ marketing decisions in different empirical settings.

Appendix: Supplementary material can be found in the online version of this article at:

<< INSERT DOI HERE>>
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Table 1
Group comparisons between firm-developed and consumer-developed games in the sample of matched-pairs
(file size and user ratings as matching criteria;, n = 4,242).

Firm (mn=2,121) Consumer (n = 2,121) t-test between groups
Variable Mean SD Mean SD t df p
First undiscounted price (US-cents) 1270.11 1025.31 863.50 689.80 15.153 3712.8 <0.001
Perceived quality (ratings 0 to100) 76.94 17.66 76.32 19.06 1.1055 42153 0.269
Development effort (MB) 2269.54  3289.14  2198.66  3343.64 0.6961 42389  0.486
Competitive intensity 24.88 60.04 45.17 84.10 29.044 38353  <0.001
(# of similar games)
Commercialization effort 1 10.69 6.25 9.98 5.87 3.783 42234 <0.001
(# of screenshots)
Commercialization effort 2 3.76 401 332 470 3.255 41392 0.001
(# of languages)
Median playtime (minutes) 239.52 493 .87 202.95 41731 2.605 4125.1  0.009
Developer experience 3.88 5.30 1.92 2.10 15.841 27657  <0.001

(# of previous games)
Notes: The results of a Welch t-test per variable between the groups are reported in the columns t, df and p. For genres see Appendix A5.




Table 2

Descriptive statistics and correlation matrix (n = 4,239).

Variables Mean SD Min. Max. 1 2 3 4 5 6 7

1 First undiscounted price 1066.14 897.03 59 19999
(US cents)

2 Perceived quality
(ratings 0 to 100)

3 Development effort
(MB)

4 Competitive intensity

76.62 18.37 5 100 -.01

223530 3317.16 10 59000  .41%** - 13%*

St 35.05  73.78 0 463 -20%%  _08%*F  _Qp**
(# of similar games)
5 Commercialization o o o o
offort | (# scraendhotsy 1034 607 2 76 24 _07 15 _14
6 Commercialization % % % s
cffort 3 (# lanuages) 354 437 1 2707 06 04 -.08 03
7 Median playtime 22118 457.61 1 10595  22%% 3% 0455 00 03 01
(minutes)
8 Developer experience 200 415 139 09%  -00 _01 02 02 05%% gk

(# previous games)

Notes: * p <.05. ¥* p < .01.



Table 3

OLS regression models of computer games’ prices.

Dependent variable:

)

Initial undiscounted price (US cents)

2

3

“

Constant

Development effort

Perceived quality

Competitive intensity

Consumer (vs. firm producer)
Consumer x development effort
Consumer x perceived quality
Consumer x competitive intensity
Release years

Commercialization effort 1:
# of languages

Commercialization effort 2:
# of screenshots

Developer experience
Median playtime

Genre: Action and adventure
Genre: Adventure

Genre: Casual game

Genre: Role playing game
Genre: Simulation

Genre: Sports and racing
Genre: Strategy

2,105.424™" (585.751)

y
12.5877 (3.233)

29.582"" (2.976)

19.6457" (4.307)
0.383™" (0.088)
-2.509 (35.671)
-61.371* (34.319)
-366.304" (61.030)
5.525 (49.978)
317.9377 (58.716)
363.2517 (135.588)
68.172 (58.868)

1,774.777" (646.872)

0.104™ (0.008)
2.696™ (0.756)
-1.424™ (0.116)

y
7.097" (2.653)

19.516™" (3.036)

19.096"" (3.375)
0.354" (0.082)
-35.653 (31.185)
-63.046" (30.320)
-285.652™" (60.523)
13.332 (45.476)
283.784™" (51.818)
215.996* (115.190)
129.034" (55.126)

1,840.055™ (666.637)

0.102" (0.008)
24617 (0.748)
-1.353"" (0.113)
-277.099" (23.012)

y
59417 (2.528)

19.316™" (3.002)

12.216" (3.382)
0.343" (0.079)
-26.881 (30.516)
-49.197 (30.021)
-268.593" (60.101)
14.164 (45.512)
2547997 (51.275)
200.466* (113.047)
132.4007 (53.708)

1,960.562" (686.250)
0.123" (0.010)
0772 (1.305)
-1.549"" (0.212)
-429.7477" (128.553)
-0.040™ (0.014)
3.028" (1.482)
0304 (0.236)

y
4316% (2.474)

193657 (2.953)

11.7237 (3.284)
0.339" (0.077)
-18.019 (30.609)
-45.490 (29.906)
-266.230"" (58.140)
15.362 (46.264)
257.523"" (51.200)
178.284 (112.156)
131.748 (53.444)

Observations

RZ

Adjusted R?

Residual standard error

4,239
0.161
0.156
824.104 (df =4214)

4,239
0.315
0311
744553 (df =4211)

4,239
0.335
0.330
734.000 (df =4210)

4,239
0.342
0.337
730.429 (df =4207)



33.633™ 71.870" 75.7017 70474

F statistic (df = 24: 4214) (df =27; 4211) (df = 28; 4210) (df = 31; 4207)

Notes: B p<0.001; ** p<0.01; * p <0.05; + p<0.10

Unstandardized coefficients are shown. Huber-White robust standard errors are in brackets (Lumley et al., 2002). Release years are integrated as
categorical control variables, indicated by ‘y’(es) in the table, but not individually reported for reasons of comprehensibility.

Table 4
Innovation-related motivations reported in semi-structured interviews.
Type of motivation Re?r)lirzlc;e):nts
Create something they 24
want to play themselves
Process enjoyment 25
Achieve or improve 15

(game) development skills

Commercial interest 9




Table 5
Exemplary consumer innovator quotes on motivation and commercialization decision.

Functional role and innovation-related motivations

Consumers deciding to sell their innovations to others start their innovation work as users. The decision to
innovate is primarily triggered by the expectation of nonpecuniary self-rewards (e.g. own use, enjoyment,
learning). In this, they resemble free innovators.

“When we [brothers] started it was a hobby and we both had full time jobs that paid [..] living so this was on
nights and weekends only” — Aw

“I wanted to play it [the game], but I couldn’t, because it didn’t exist yet.” — Ed

“We [married couple] have kids, and we were playing with them with real wooden pieces, having lots of
fun. The problem is, pieces and space are limited. That is why the project came to life.” — Dd

“I did a game I like myself. [..] to learn something new (C# and Unity).” — Ps
“If I had a recipe for a million-dollar game that I don't feel excited about, I wouldn't do it.” — Mc

“Making games has become my hobby. This is extremely exciting and fun. Besides, it is a suitable way for
me to express myself creatively.” — Yk

Decision to sell the game

The expectation of economic returns is not a key motivator. The idea to sell the innovation for a price often
arises in later stages of the innovation process. Consumers are often stimulated by others to exploit a
commercialization opportunity.

“Selling was never a focus. [.. The] main reason not to give it away for free - because we [classmates] didn't
want to give the impression that it's worthless.” — Vk

“I especially enjoy developing games. That the game on Steam made some money is an extra bonus.” — Oa
“If I had a recipe for a million-dollar game that I don't feel excited about, I wouldn't do it.” — Mc
“I honestly felt a little guilty [charging a price] because this is what I’d be doing for fun anyway. — Ed

“Versions of that game were published on a small indie website for free. One day I set a very small and not
mandatory price on it to see what would happen.” — Mc

“People started telling us [..] it is so good, we should charge for it. We were like ‘oh I don't know..” and just
put it on sale for a dollar. Later we’re like: ‘wait a minute, can we pay our bills with this?’” — Aw

“I wanted to give [Game] away for free. [..] but my friends insisted I charge something for it. [..]It's scary to
think of treating making things with love as a business.” — Sh

“Originally, I was just making it for myself, but then I decided to share the story with others. [..] Even
though the game is priced [..] when anyone emails me about the game, I send them a free copy.” — Dv



Table 6
Exemplary consumer innovator quotes on considerations involved in the pricing decision

Cost considerations in the pricing decision

Monetary expenses of consumer innovators are kept on a low level. Time invested in product development is
rarely tracked. Most consumers do not consider their working time as development costs.

“The money was spent, I watched it, but it wasn't high enough to have a negative effect on my life. It's about
as much as I give for a beer.” — Oa

“No costs, because you have a computer and you have a brain” — Yi
“I actually don’t [track costs]. I could give you an estimate but [..] I really just do it.” — Ch
“If I approached this more like a business [...] I'd have to consider more up-front costs I imagine.” — Sh

“Making the game never felt like hard work to me. So, I didn’t feel like I need to be compensated for my
time.” — Fw

Quality considerations in the pricing decision

Consumer innovators try to assess the benefits that players will be able to derive from playing their games.
They give a lot of consideration on charging fair prices by drawing from their personal experiences and by
collecting feedback from their community. They do not think about customers as buyers but as peers.

“I think it's more of a moral thing as well [..] knowing that there are people who got a certain experience out
ofit.” — Jr

“I was very social about that. It is important to listen to players.” — Ak

“I just sell games when I think they are actually worth the price. [..] To me it is to get the players. Getting
the money is just an extra thing. Just to have more development funds.” — Ch

“If it’s affordable for me, then it’s affordable for pretty much anybody.” — Fw
“not looking for the price sweetspot. More for a simply reasonable price in relation to game quality” — Vk*
“We [gaming friends] had no notion of customers. We were making a game for players just like us.” — Xt

“I never think of players as clients. More like friends who try my ideas.” — Hs

Competition considerations in the pricing decision

Consumer innovators mainly make use of their personal knowledge when estimating the level of
competition. They rarely conduct a systematic and comprehensive market analysis. Prices of a small set of
similar games they know about are used as anchor for pricing.

“I judge on my own merits. [.. Looking at others] I guess it's good for some kind of bearing.” — Jr
“I gave a look at other indie's prices, but I didn't make other kind of marketing analysis.” — Mc
“I've seen games like mine, but I didn't make any real analysis or something.” — Du

“We [married couple] searched on Steam to see if there was something similar [..] There was nothing similar,
but we discovered after some time that Steam has a lot of buried games.” — Dd



Figure 1
The research model.
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