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Abstract— Portfolio innovativeness has been indicated as a crucial aspect of a firm’s innovation efforts. However,
research traditionally applies a firm-centric conceptualization of portfolio innovativeness, neglecting its signaling ef-
fect to consumers. Taking a different route, this study applies a consumer-centric approach to investigate consumer
perceptions of portfolio innovativeness as an antecedent of their brand perceptions. We incorporate inconsistent in-
sights on portfolio innovativeness by introducing a novel construct: portfolio innovativeness variety. It describes the
degree of novelty concerning different new products and services in a firm’s innovation portfolio. Drawing on signaling
theory, the results of 691 completed questionnaires show that consumers’ perceived portfolio innovativeness increases
consumer-based brand equity. However, portfolio innovativeness variety moderates this relationship negatively. This
study explores an inverted U-shaped relationship between portfolio innovativeness variety and brand equity. These
insights suggest that large portfolio innovativeness variety confuses consumers about a brand’s offerings and that port-
folio management should incorporate these insights in order to offer a balanced and value-maximized innovation port-
folio. This research offers novel insights into an unexplored aspect of portfolio innovativeness with complementary
research on innovation portfolios from a consumer perspective.

Index Terms—Brand equity, brand perceptions, innovation portfolio, (innovation) portfolio innovativeness, signal-
ing

I. INTRODUCTION

FIRMS that innovate their entire product portfolio can revitalize an entire brand: Firms like Audi, Volvo, or Apple
have introduced an entire portfolio of new products and services to overcome a brand image that was perceived as
drained and outdated and to renew their entire brand. In Apple’s case, introducing the iMac and iPod radically changed
the firm’s innovation portfolio, increasing the firm’s market share and profits [1]. Such a significant change in a firm’s
offering is typically characterized by high degrees of portfolio innovativeness [2], [3]. It is not surprising that manage-
ment practice routinely communicates portfolio innovativeness to signal their claim to be innovative and influence
(potential) consumers accordingly. Slogans like “créative technologie” (Citroén), “Advantage through technology”
(Audi), “Innovations for everyone” (Volkswagen), or “Reinventing the automobile. Since 1886!” (Mercedes-Benz)
suggest that the entire innovation portfolio represents pioneering work in terms of engineering and consumer benefit.
Despite the relevance of managing a firm’s portfolio innovativeness for consumers’ brand perceptions, the literature
on innovation portfolio management (IPM) typically focuses portfolio innovativeness by applying a firm-internal per-
spective [3]-[8]. This internal perspective typically neglects that innovation portfolios can also provide a signal to
consumers [9], [10] and that firms have to manage their brand purposefully in order to match their innovation strategy
with consumers’ expectations on a respective brand [11]. Initial insights on consumers’ brand perceptions of a firm’s
innovation typically rely on a single new-product perspective [12], [13] or a marketing lens neglecting innovation
portfolio and its innovativeness [11], [14], [15].
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This lack impacts our understanding of management practices, as research indicates inconsistent insights on the
relationship between innovativeness and subsequent firm outcomes. While high portfolio innovativeness enables dif-
ferentiation from the competition [16], results in increased sales [3], or builds customer loyalty [9], it can also cause
resistance, power struggles, and substantial organizational changes [2], [17], [18]. Since the potential costs of high
portfolio innovativeness can outweigh its benefits, researchers argue that IPM needs to achieve an optimal degree of
portfolio innovativeness [2]. While research advocates for such an optimum, the literature lacks on the investigation of
potential contingency factors that can explain these differences.

To address this research opportunity, this study focuses on firms’ portfolio innovativeness and its signaling influence
on consumers’ brand perceptions. We investigate the following research questions: How does a firm’s portfolio inno-
vativeness influence consumer-based brand equity? Brand equity describes a consumer’s positive, strong, and exclu-
sive associations with a branded (new) product or service, and attitudes toward it [19]. By applying signaling theory
[20], we follow established research and conceptualize portfolio innovativeness as a signal to consumers [9], [10] that
can reduce uncertainty about a brand’s offerings and influence brand perceptions [21], [22]. The results of 691 com-
pleted questionnaires show that portfolio innovativeness functions as a signal that reduces consumer uncertainty about
a brand’s offered value, resulting in enhanced brand equity.

To incorporate the inconsistent impact of portfolio innovativeness on consumer perceptions, we introduce a novel
construct: portfolio innovativeness variety. It describes the spread between the perceived novelty of its new products
and services. In extreme cases, such portfolios with a high portfolio innovativeness variety are characterized by several
incremental as well as radical innovations. The results show that portfolio innovativeness variety determines brand
equity in an inverted U-shaped relationship and portfolio innovativeness variety negatively moderates the positive
effect of portfolio innovativeness on brand equity.

Thereby, by drawing attention to portfolio innovativeness’s signaling function, we contribute to and extend research
on the management of portfolio innovativeness, IPM’s effects on firm outcomes, and a brand’s innovation activities.
First, this study’s signaling perspective complements research that focuses on the internal management of innovation
portfolios [7], [17], [23]-[27], by introducing and testing a novel construct, portfolio innovativeness variety. Portfolio
innovativeness variety offers a further explanation for contradicting insights on portfolio innovativeness effects on firm
outcomes [28], [29] [18], [30]and thereby extend research on an optimal degree of innovativeness [2]. By showing that
a moderate degree of portfolio innovativeness variety maximizes consumer-based brand equity, we complement re-
search suggesting that a “right” mix of incremental and radical innovation projects enable value-maximizing portfolios
[4], [7], [23], [29].

Second, we extend insights on the outcomes of IPM [7], [23], [29], [31] by showing how portfolio innovativeness
and its variety influences consumer-based brand equity. In turn, consumer-based brand equity predicts sales-based
brand equity [32]. Thus, we add a further performance indicator on how firms can maximize their innovation portfolio’s
value [23], [29].

Third, our insights extend the notion that not all brands can innovate similarly [11] by showing that an innovation
portfolio needs a certain fit of the single new product’s innovativeness to signal consistency and credibility to consum-
ers. In particular, too high degrees of portfolio innovativeness variety can confuse consumers by signaling complexity
and uncertainty about a brand’s offerings. We, therefore, complement the literature on innovation and brand manage-
ment [11], [14] by offering a deeper understanding of an innovation portfolio’s effect on consumers’ brand perceptions.

Il. LITERATURE REVIEW

A. Innovation Portfolio Innovativeness

IPM research traditionally applies a firm-internal perspective [17], [23], [33], [34]. A central component of this
research stream is portfolio innovativeness, as it is a crucial determinant of firm success [2], [35]. The research assesses
portfolio innovativeness by relying on information provided by knowledgeable managers to develop guidelines for
how firms should manage their innovation portfolios and the implications thereof [4], [6], [23].
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TABLE |
RELEVANT DEFINITIONS OF INNOVATIVENESS
Constructs Definitions selecmd
literature
It describes. .. a firm’s enduring
Firm innova- ability to develop and introduce [39], [40]
tiveness value-added products and services '
in existing and new markets.
... the combination of two distinct
Firm-level dimensions that encompass the
product inno- degree of novelty and the (humer- [5], [28]
vativeness ical) intensity of a firm’s new
products.
... the superior advantage(s) of a
new product, its perceived
Product uniqueness, or a related behav- [41], [42]
innovativeness ioral change and learning effort of '
consumers in order to use the
product.
(New product) ...(;he novelt);.ofﬁ ﬁrm’s.new
Portfolio inno- . pro _uct portfolio that mamf_ests 2], [38]
vativeness itself in technology, market, inter-
nal, and external resource facets.
... the combination of two distinct
dimensions, novelty and mean-
ingfulness. Novelty refers to the
Product pro- difference between a firm’s prod-
gram uct program and existing alterna- [33], [43]
innovativeness  tives, whereas meaningfulness de-
scribes the degree to which new
products offer superior benefits
and quality.
Prqduct port- ... the number of new-to-the-firm
folio [3], [44]
. . products.
innovativeness

As Table 1 shows, research offers numerous conceptualizations and measurements of portfolio innovativeness,
which encompasses specific classifications, single facets, or multiple facets [2], [35], [36]. First, the literature assesses
portfolio innovativeness as a classification that differentiates between incremental, moderate, and radical innovations
[37]. Second, researchers conceptualize portfolio innovativeness according to a single facet, such as market-linked or
technology-related aspects [23], [30]. Third, research also defines portfolio innovativeness as a continuum encompass-
ing its market, technology, organizational, and environmental facets [2], [38], or it conceptualizes portfolio innovative-
ness in terms of novelty and intensity [5]. However, this perspective on firm-internal processes and behavior tends to
neglect the consumer-related dimension of innovation.

To complement this firm-focused perspective on portfolio innovativeness, researchers have started to investigate the
effect of the introduction of new products and services on consumers. One research stream in the marketing literature
defines innovativeness on an aggregated level as a firm’s ability to develop and introduce new products and services
fast over a specific period [45]. Drawing on this conceptualization, recent research differentiates between development-
centric open innovation, which describes “the acquisition, from external sources, of ideas or technologies to use in the
development stage of the NPD process”, and commercialization-centric open innovation, that is “the acquisition, from
external sources, of market-ready products that a firm can introduce in the market without further physical development
[3, p. 169]”. Both open innovation practices are crucial antecedents of portfolio innovativeness, which in turn enhances
a firm’s sales. Portfolio innovativeness also improves customer satisfaction, depending on a firm’s marketing strategy,
market dominance, and competitive intensity [44]. Although this perspective offers valuable insights, its static and
outcome-related understanding represents a highly aggregated proxy of the complex nature of portfolio innovativeness
as it neglects the perceptual characteristics of portfolio innovativeness.
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Instead, portfolio innovativeness can describe an innovation portfolio’s enduring characteristics [45]. Kunz et al.
[39] therefore conceptualize firm innovativeness as consumers’ perceptions of a firm’s enduring ability to develop
creative, impactful, and novel ideas and solutions for the market. By conceptualizing perceived firm innovativeness in
this manner, they show that functional as well as affective aspects result in consumer loyalty. Firm innovativeness can
also create customer value, which is a crucial antecedent of customer satisfaction [40].

Another research stream on the creativity of new products complements these insights by differentiating between a
new product’s meaningfulness and novelty to understand its performance [46]. Applying this conceptualization, re-
search supports the differentiated effects of portfolio innovativeness on customers’ brand loyalty in a business-to-
business (B2B) setting [9]: Whereas an innovation portfolio’s novelty negatively affects customer loyalty, its mean-
ingfulness enhances loyalty. Stock [10] supplements these insights by assessing portfolio innovativeness relatively to
that of respective competitors. The portfolio innovativeness of services affects customer satisfaction following an in-
verted S-shaped relationship, whereas there is an inverted U-shaped relationship between the innovativeness of new
products and customer satisfaction.

Summing up, researchers tend to investigate portfolio innovativeness by applying a firm-centric lens [2], [5], [42]
that neglects consumer perceptions of innovation portfolios. Furthermore, marketing research either applies proxies,
such as the number of new products [3], or it is rendered in a B2B context [9] and, and therefore, assesses portfolio
innovativeness by surveying managers [9], [43]. Consequently, the extant literature neglects a consumer-centric per-
spective on portfolio innovativeness and its effect on consumer perceptions. To complement this perspective, we trans-
fer the understanding of portfolio innovativeness as the “newness of the firm’s new product portfolio” [2, p. 93] into a
consumer-centric perspective. We therefore define a firm’s portfolio innovativeness as consumers’ perceived novelty
of its range of new products and services that differentiate its offering from that of others on the market.

B. Understanding Consumers’ Brand Perception by Applying Signaling Theory

We apply a signaling lens to investigate the impact of portfolio innovativeness on consumers’ brand perceptions [9],
[10], [47]. This theoretical perspective focuses on how a more informed sender (e.g., the innovating firm) provides
information — the signal - to less informed receivers (e.g., consumers) and how the receivers search as well as interpret
the signal [20], [48]. Consumers rely on signals provided by the firm, especially when they judge new products.
Whereas firms have more information on their new products and thereby know their ‘true’ quality and performance,
consumers lack comprehensive information on new products before adopting and experiencing them [48]. This lack is
due to the characteristics of new products, such as complexity or compatibility. Thus, new products induce substantial
ambiguity and complexity to consumers and thereby challenge the adoption of innovations [49], [50]. To reduce this
barrier to innovation adoption, firms can provide signals to consumers.

Signals are, for instance, attributes or activities of a sender with privileged information [20] that improve the under-
standing of consumers and stimulate the adoption of new products [51]. To affect consumers, signals have to be ob-
servable and costly [12]. When a signal is unobservable to consumers, they cannot interpret the signal according to the
firm’s intention. Further, costly signals incentivize the firm to be genuine about their information provided because the
negative consequences of disingenuous signals are greater than its advantages. Portfolio innovativeness fulfill these
characteristics of signals because the innovativeness of new products is observable and - as any new product develop-
ment outcome - costly for the firm.

In this vein, research indicates that the innovativeness of the portfolio can bridge the gap between what consumers
know and what they would like to know [9], [11], [52]. Before the adoption of new products, portfolio innovativeness
can reduce ambiguity and uncertainty by signaling new products’ quality, functionality, features, and aesthetics [13],
[47], [51], [53]. Moreover, portfolio innovativeness signals the consumers that the firm is able and willing to maintain
a long-term relationship that fulfills their needs and expectations [9], [43]. For instance, when firms offer an innovative
portfolio of new products, they provide a costly signal to consumers that they are willing and able to fulfill consumers’
needs by making steady investments into innovation. Thereby, consumers are capable of using innovative products to
adapt their behaviors to the developments in an increasingly dynamic environment [10].

Given this theoretical foundation, the literature on engineering, technology, and innovation management shows that
portfolio innovativeness provides an effective signal to the consumers influencing their satisfaction, loyalty, and per-
ceived equity of the brand [9], [15], [54], [55]. This influence can be explained by the following cognitive mechanism.
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Portfolio innovativeness links specific cues to consumers’ cognition. In turn, these cues trigger informational nodes
that are and/or get connected to a firm’s brand image in the consumers’ memory [53], [54]. The informational nodes
enable consumers to evaluate the quality and utility of new products that affect their perceptions of the brand [21]. The
greater the expected utility from this relationship, the higher is the likelihood that consumers will associate the brand
with high brand equity [9], [54]. In turn, firms can change consumers’ expectations in their favor by indicating that
they innovate and are capable of providing consumers additional utility.

Thus, a firm’s portfolio of new products offers the opportunity to create compelling consumers experiences and
develop pleasant associations, initially with new products, which can later be transferred to the brand [56]. Through
this lens, consumer-based brand equity describes the “value of a brand signal to consumers” [57, p. 132]. Since the
“power of a brand lies in what their customers have learned, felt, seen and heard about the brand” [22, p. 9], the
development and offer of new products and services are crucial to a firm in order to maintain, (re-)vitalize, and even
broaden the brand(s) meaning [1], [11], [58].

I1l. HYPOTHESIS DEVELOPMENT

Recapitulating, we theorize that a brand’s content and clarity credibility functions as a signal to consumers and
determine perceived brand equity. In the following, we hypothesize that a firm’s portfolio innovativeness influences
brand content and that portfolio innovativeness diversity is associated with brand clarity, determining consumers’ per-
ceived brand equity (Figure 1).

HI (+)

Portlolio innovaliveness 'y » Brand equity

H3 ()
T2 (M)

Portfolio innovativeness
variety

Fig. 1. Framework of Hypotheses

A. The Effect of Portfolio Innovativeness on Brand Equity

The clarity and credibility of a brand’s product positioning function as signals that decrease perceived risks and
information costs, increase the perceived brand quality, and therefore enhance consumers’ expected utility from inter-
actions with said brand [21], [22]. Accordingly, firms can reduce consumers’ uncertainty regarding brand equity by
providing the evidence that they are able to develop and introduce a range of innovative new products and services.

Portfolio innovativeness is therefore a signal to consumers [9], [10] and firms utilize it to facilitate consumers’ de-
velopment of expectations about unobservable product quality [59]. In other words, offering a portfolio of innovative
(and new) products and services signals to consumers that a firm invests significant resources in fulfilling their needs.
For instance, radical new products allow consumers to solve problems they cannot easily take care of by using existing
ways [60]. This lets consumers obtain new benefits or receive existing benefits in new ways [61]. Moreover, high levels
of portfolio innovativeness can represent a cue to consumers that is associated with a particular advantageousness.
Such a perceived product advantage differentiates a highly innovative product from existing alternatives, giving con-
sumers a stronger reason to buy, inhibiting commoditization, and reducing price sensitivity [62], [63].

Consequently, highly innovative products can potentially be priced at a premium, enabling consumers to reflect an
elevated socio-economic status. As higher degrees of portfolio innovativeness are also associated with the most recent
technological and/or functional developments, consumers are also likely to perceive higher degrees of portfolio inno-
vativeness as a long-lasting effect that strengthens the brand’s proposed utility and competitive positioning [10]. More-
over, an innovative portfolio signals the brand’s innovation leadership and high quality to consumers [18], increasing
their loyalty [39]. Highly innovative innovation portfolios therefore contribute to reducing information asymmetries
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between an innovating firm (sender) and consumers (receivers), as a firm demonstrates its ability to address consumers’
needs. Consequently, we hypothesize:

H1: Portfolio innovativeness positively influences a firm’s consumer-based brand equity.

B. Portfolio Innovativeness Variety

In the following, we argue that the variety of portfolio innovativeness influences the clarity and credibility of a brand,
and therefore functions as a signal to consumers [21], [22]. Portfolios with substantial innovativeness variety exhibit
differences in perceived innovativeness among their individual new products [44] that can have positive as well as
negative effects on consumers’ brand perceptions.

Portfolio innovativeness variety enables a firm to differentiate its products according to consumer preferences. Port-
folios with high degrees of innovativeness can then target new customers as well as consumers that seek radical inno-
vations, while also addressing existing customers that prefer incremental innovations [64]. High degrees of innovative
portfolio differentiation (IPD) enable firms to offer novel and consumer-specific value tailored to different consumer
needs. This can result in consumers perceiving a useful and meaningful innovation, leading to a higher perceived value
of the innovation portfolio [65], increased customer loyalty [9], or improved brand equity [12]. High portfolio innova-
tiveness variety can therefore signal to consumers that a firm is able to offer value to different segments and can
differentiate the firm from competitors.

High portfolio innovativeness variety may however also negatively affect consumers’ brand perceptions through a
lack of information about all the different new products [48]. A large number and diversity of offered new products
characterize high degrees of variety. This signals a highly complex portfolio that may overwhelm consumers, who may
experience information overload and may develop potentially conflicting perceptions of a firm’s offerings [66]. Con-
sumers may then feel uncertain about a firm’s ability to fulfill their needs [67]. Such high degrees of portfolio innova-
tiveness variety can induce unclear brand perceptions that diminish the brand’s credibility and negatively affect con-
sumers’ brand perceptions [21], [22]. These insights suggest that portfolio innovativeness variety affects consumers’
brand perceptions negatively.

Following on these arguments, research also indicates more complex and non-linear effects of portfolio innovative-
ness on consumers’ brand perceptions. For instance, Stock (2011) shows that inconsistent insights about the effect of
portfolio innovativeness can be explained by a convex relationship between portfolio innovativeness and customer
loyalty [10]. This valuable result is corroborated by research indicating that different dimensions of portfolio innova-
tiveness have counteracting effects on consumer loyalty [9].

Incorporating these insights, we argue that consumers perceive two opposing partial effects that are influenced by
the variety of portfolio innovativeness. On the one hand, up to a certain degree of variety, consumers perceive the
signal that a firm’s innovation portfolio can fulfill their current and future needs, resulting in the brand’s ability to
fulfill their needs over a long period in time. On the other hand, when the variety becomes too high, consumers perceive
an inconsistent signal of complexity that influence uncertainty about the innovation portfolio’s expected utility and
diminishes the clarity and credibility of the brand. We therefore hypothesize that this trade-off between both partial
effects results in an inverted U-shaped relationship between the variety of portfolio innovativeness and consumer-based
brand equity:

H2: The perceived portfolio innovativeness variety has an inverted U-shaped relationship with a firm’s brand
equity.

Moreover, we argue that portfolio innovativeness variety is also likely to affect the strength of the positive relation-
ship between portfolio innovativeness and brand equity. Such positive effects can be diluted if consumers only associ-
ate positive attributes with a few new products from the portfolio, while the remainder is not perceived to be innovative
at all. The existence of less innovative products in the portfolio may detract from consumers’ perception of a brand’s
innovation authenticity and credibility, and may lead to inferior brand association and awareness [68]. Such differences
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in a portfolio’s innovativeness make it challenging to assess the signal a firm is sending with its portfolio innovative-
ness. As the variety of portfolio innovativeness increases, consumers perceive a low fit between the new products at
each end of the innovativeness continuum, resulting in fewer comparable new products, fewer favorable positive atti-
tudes spill-over effects from one new product to the other, and a confusing brand positioning [11], [14], [58].

Such consumer perceptions can also interfere with the brand’s quality signal. A new product’s attributes typically
function as a quality signal that enhances consumers’ recognition of a specific brand by reducing the perceptions of
uncertainty associated with the new product [69]. Although offering a great variety of products can enhance consumers’
quality perceptions, the product options have to be compatible and should require similar category expertise [15]. High
portfolio innovativeness variety counteract this effect, as highly innovative and less innovative new products are less
comparable and require different expertise of consumers than low portfolio innovativeness variety. Portfolio innova-
tiveness variety can therefore dilute the clarity and credibility of the quality signal of an innovation portfolios’ attrib-
utes, such as its portfolio innovativeness. This can result in a negative moderation effect on the relationship between
portfolio innovativeness and brand equity. We therefore hypothesize:

H3: The positive relationship between portfolio innovativeness and brand equity is negatively moderated by
portfolio innovativeness variety.

IV. METHODOLOGY

A. Sampling

We chose the automobile industry as a research context for the following reasons: First, automotive firms represent
established brands that enjoy high awareness among the consumer population and these brands’ actions function as
signals to consumers [51], [70]. Second, each automotive firm offers a clear portfolio of comparable and interdependent
new products [70], [71]. Third, the automotive context is established regarding research on consumer behavior with
respect to innovative products and services [72], [73] or business model innovation [54].

The questionnaire was sent to twenty experts from research and practice for pretesting. Small revisions were made
based on their comments. To collect the data, we followed established procedures (e.g., provide clear instructions,
ensuring strict confidentiality, order of questioned constructs in the survey) [74] and recruited graduate students from
a major European university that encouraged individuals to participate in the study [75]. We ensured that the sample
selection captured respondents of all relevant target groups in the automobile sector. Potential participants received an
email containing an embedded URL to a website with an online questionnaire.

Each participant was asked to complete a questionnaire comprising measures for perceived innovativeness and brand
equity for two different yet similar automobile brands. The respondents were randomly assigned and either evaluated
the innovativeness of middle-class brands (Opel and Toyota) or upper-class brands (Porsche and Mercedes), resulting
in 691 complete responses.

We choose middle- and upper-class brands because these brands typically apply an innovation strategy that has a
strong commitment to innovation. These brands are more likely to include high degrees of innovativeness in their
innovation portfolio to differentiate themselves from competitors and to gain a revenue premium [11], [19], [76]. In
contrast, low-class brands typically innovate by enhancing their operations' internal efficiency to follow a cost-leader
and innovation-following strategy [11]. Thus, low-class brands tend to imitate established products at lower costs. To
do so, they focus on innovations in the production process that are not transparent to consumers [77]. Thus, consumers
are likely to perceive the product portfolio of low-class brands, such as Dacia, as not innovative. According to this
argumentation, this study focuses on middle- and upper-class brands.

We searched the dataset for multivariate outliers. Two cases showed Mahalanobis distances (D2) of 103 and 90 and
AD2=26/14 in the case with the next largest value. Further, we eliminated outliers with an uniform response style (i.e.,
zero standard deviations in their answers across all items). After excluding these respondents [54], [73], our final
dataset contained 656 responses, equaling 1,312 cases. Our sample covered respondents with an age range of 18 to 80
years and a mean of 26.8 years; 63.9% were male and 32.4% female. Income and occupation covered a wide range of
characteristics (Table 2).
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TABLE 2

SAMPLE CHARACTERISTICS
n=656 respond- Mean Median  SD or relative
ents frequency?
Industry familar- 4.37 45 1.62
ity
Occupation
Employee 21.6%
Public official 4.8%
Self employed 6.2%
Student 59.7%
Unemployed 1.5%
Gender
Male 63.9%
Female 32.4%
Income
<1,000 38.0%
1,001-2,000 15.5%
2,001-3,000 14.0%
3,001-4,000 7.4%
>4,001 10.4%
Age
<20 34.3%
21-30 44.4%
31-40 15.4%
41-50 2.2%
51-60 1.7%
61-70 1.7%
71-80 0.1%
>80 0.1%

Note: 2If percentages do not add up to 100%, some answers were missing

To keep the questionnaire manageable, we selected a representative subset of car models from each brand. We ex-
cluded specific variations within one model (e.g., station wagon or convertible). The subsets included at least one
specific car model for each car segment (following the categorization used by the German Federal Office for Motor
Vehicles), which is addressed by the brand in the German market. By drawing on Schultz et al. [2, p. 97], who define
portfolio innovativeness as “the average innovativeness of a firm’s new product developments in the three years prior
to the year of the study”, we selected car models that were either newly released or overhauled in the three years prior
to the study. Thereby, we ensured that each car model was novel to some degree as a sufficient condition for evaluating
the innovation portfolio [2]. Table 3 provides an overview of the categorization used, as well as the respective car
models.

As we wanted to prevent potential threats of reversed causality, it was necessary to ensure that participants evaluated
the perceived innovativeness of a particular car and not their subjective assumptions about the brand. We therefore
provided participants with neutral portraits of each car. The portraits included regular features, a standardized angular
front picture of a white model against a white or light grey background. We further offer more details by providing
detailed information on the characteristics of each car model (e.g., linking the respective website of the car manufac-
ture). Each participant then separately assessed the innovativeness of each car.

TABLE 3
OVERVIEW OF CATEGORIZATION AND RESPECTIVE CAR MODELS
Car segment Opel Toyota Porsche Mercedes-Benz
TOTAL 5 car models 6 car models 4 car models 7 car models
. . iQ
Micro-car Agila Aygo
Small car Corsa Yaris
Compact car Astra Auris A-Class

Midsize Insignia Avensis C-Class
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Ampera Prius
Full-size E-Class
Large car Panamera S-Class
Sports car Boxster SLK
SUV Cayenne M-Class
Luxury sports car 911 SLS

B. Measurements

We measured each latent construct on a seven-point Likert-type scale ranging from 1 (do not agree) to 7 (strongly
agree).

Portfolio innovativeness. We measured the perceived portfolio innovativeness from a consumer perspective and
operationalized perceived innovativeness on an established multi-item scale adapted from Moreau [78]: “The car model
is completely different from other models in the same market segment”, “The car model contains many new product
features”, and “The car model is highly innovative”. In particular the first two of these items capture more objective
aspects of innovation, reducing potential individual bias in assessing innovativeness. Respondents were asked to sep-
arately rate the perceived innovativeness of major car models in each brands’ current product portfolio. We calculated
the portfolio innovativeness as the mean value of all items over all car models in each brand.

Portfolio innovativeness variety: Similarly to new product diversity, which is operationalized as the spread or en-
tropy of characteristics related to the product [79], [80], we used the standard deviation of the innovativeness of a
brand’s car models to measure portfolio innovativeness variety.

Brand equity. Brand equity was conceptualized as a reflective, second-order construct. At the first-order level, we
measured three constructs that were shown to conceptualize brand equity and were not necessarily linked to being a
customer of the product or brand: product quality, brand awareness, and brand association [81]. We used Tong and
Hawley [82]’s scale to measure brand equity.

Controls. To strengthen the models specification and mitigate potential endogeneity issues we included several con-
trol variables [83]. We first controlled for the four car brands that were assessed in our survey. These were characterized
by many more unobserved characteristics in addition to portfolio innovativeness and diversity (e.g., environmental
friendliness, affordability, sportiveness, and customer service) that might influence brand equity. Moreover research
indicates that the brand itself provides an effect signal determining consumers’ perception [12], [13], [48]. Therefore,
three brands were dummy-coded (0/1). Second, we controlled for gender, as a fascination with automobiles is likely to
be higher for males. Moreover, we also controlled for the familiarity of the respondents with the industry because this
personal characteristics can determine their attachment to a respective brand [54], [73]. Finally, we controlled for the
effects of age and income on brand equity.

C. Estimating Procedure

We used covariance-based structural equation modeling (CBSEM), using MPLUS 6 [84] to test our measurement
and structural models. CBSEM has several advantages for our study. In particular, it deals with endogeneity as it
simultaneously estimates intercorrelations among covariates. It furthermore has the benefit that latent variables are
associated with measurement error, in contrast to ordinary least squares regression, for example, which is based on the
assumption that variables are measured perfectly. To select an adequate estimator, we assessed two assumptions for
regular maximum likelihood (ML) estimation:

We assessed the distributions for all metric variables. Univariate normal distribution of variables with skewness and
kurtosis measures |[< 1| was substantiated for all variables. In a second step, however, Mardia’s normalized estimate of
multivariate kurtosis and Small’s omnibus test of multivariate normality significantly (p<0,001) rejected the assump-
tion of the multivariate normality of our data. The assumption of our data’s non-independence could be violated as we
assessed two brands per respondent, therefore sequential correlations could lead to biased standard errors. We tested if
there were significant zero-order correlations between the ratings for the two brands assessed by one respondent re-
garding the overall rating for portfolio innovativeness and the subconstructs of brand equity. As these correlations were
all positive and significant, sequential correlation with the respondents could be an issue.
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To cope with the abovementioned issues, we applied the robust maximum likelihood (MLR) estimator to obtain the
standard errors for our parameter estimates. This estimator was shown to provide robust estimates in cases of non-
normality and can cope with non-independence if non-independent groups (each respondent in our case) were identified
[84]. MLR further yielded the Satorra-Bentler-scaled chi-square statistic, which adjusted the model fit for the degree
of multivariate kurtosis. We checked the ratio of observations to model-implied parameters to determine the achieved
power levels for varying model complexities. Considering our sample size, we fulfilled Bentler’s 10:1 rule for SEM
under multivariate non-normality and for applying MLR-scaled estimations.

D. Robustness Checks

To ensure the robustness of our findings, we performed several tests to examine the robustness of the results. Due to
the proportionally high number of students in our sample, key informant bias could be a threat in our study. Therefore,
we first assessed respondents’ familiarity with the industry. This construct achieved an average value of 4.37, indicating
high adequacy among the respondents. Second, we did not intend to predict adoption intention, adoption, or its barriers
[13], [49], [50] nor sales or purchasing behavior related to new cars. Instead, we focused on perceived brand equity
that reflects a brand’s value [21], [22]. The literature on this construct shows typically no difference in the results in
relation to age and income [54]. Third, we compared the mean values of the main constructs (portfolio innovativeness
and subconstructs of brand equity) between respondents of different ages (in groups of 10 years each) via an analysis
of variance with the Scheffé post-hoc test, without finding significant differences (p>0.1).

We also controlled for gender, age, and income and did not find any significant influence on brand equity (see Table
7). Moreover, we validated the dependent variable brand equity by correlating it with the actual sales of the innovation
portfolio. Results indicate a strong correlation between brand equity and sales, suggesting a valid measurement of the
dependent variable. Further, this result is in line with the literature indicating that sales-based and consumer-based
brand equity are correlated but distinctive [32].

To assess the potential issue of non-response bias, we compared early and late respondents with a series of chi-square
tests. We compared the respondents’ demographic variables (age, gender, and income) between the first third and the
last third of the received responses without detecting any significant differences (p>0.05).

We coped with the issue of common method bias (CMB) and therefore first followed the recommendations of Pod-
sakoff et al. [85] for reducing CMB ex-ante. As the survey was conducted online, full respondent anonymity was
ensured. We pretested the survey in order to reduce item complexity as well as ambiguity. Second, the nature of our
theoretical model includes an interaction effect that increases the general robustness against CMB. Hence, it is unlikely
that a respondent anticipated our hypothesized model. Third, an ex-post-test for CMB was conducted. We applied the
correlational marker technique based on the work of Lindell and Whitney [86]. We therefore used a theoretically un-
related variable of our dataset and tested if it had a significant influence on the correlations among our model variables.
We asked respondents about the degree of professional connection to the automotive industry. The zero-order correla-
tions among the model constructs were not substantially affected in size (JAr|[<0.01) and all significant zero-order cor-
relations remained significant at the same level after the partial correlation adjustment with the marker variable was
made. We found no strong indication that common method variance seemed to bias model results

Finally, we calculated an alternative model to assess the robustness of our results. First, we tested whether the une-
qual distribution of the respondents among the different brands can affect our results. We therefore applied a weighting
vector (in the relationship from 33 to 66) to assign a weight to each observation that controls for the sampling differ-
ences. The resulting path coefficients and their significances did not substantially differ from the reported model. Sec-
ond, we tested a model in which we operationalized the diversity of the portfolio innovativeness with a measure of the
range of the innovativeness in an individual brand portfolio instead of the variance (i.e. as the variance is a function of
the mean and thus related to the portfolio innovativeness). This alternative model showed robust results for all hypoth-
esized effects in our model. Detailed results of these additional analyses are available from the authors upon request.
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V. RESULTS

A. Measurement Model Results

We first conducted separate analyses for each of the first-order constructs (industry familiarity, product quality,
brand awareness, and brand association). The resulting standardized factor loadings, indicator reliabilities (IR), com-
posite reliabilities (CR), and average variance extractions (AVE) are all above the commonly agreed cut-offs and in-
dicate a valid measurement of these constructs [87]. As there could be differences in the measurements between the
car brands in our sample, we also separately assessed the values for all four brands. Reliability and validity require-
ments (factor loading > 0.7, p<0.001) were met for all groups.

We then tested the postulated structure of perceived brand equity by means of a second-order confirmatory factor
analysis [88]. In this model, perceived brand equity is the second-order factor reflected by three first-order dimensions.
The loadings of the second-order construct on its respective dimensions were all high and significant (Table 4).

The global fit criteria indicate a good overall model fit: CFl = .970, TLI1=0.952, RMSEA = .056 (90% confidence
interval=0.052 —0.060), SRMR = .043. The value of the arbitrary 2/df ratio (5.374) itself is above the often advocated
threshold of < 3. However, it does meet the less restrictive cut-off threshold of 10. Because of our large sample
(N =1,382), the 2 value is naturally inflated and therefore does not necessarily indicate a model misfit [89]. To assess
if the sample size primarily causes this high value, we re-estimated our second-order CFA model based on a set of five
hold-up samples, each consisting of 350 randomly selected cases (approximately a quarter of our final sample). In
contrast, our model results remained consistent (A factor loadings < 0.07), x2/df ratios ranged between 1.426 and 1.770
and were therefore all at an acceptable level. Hence, we do not consider the y2/df ratio for further analyses of the full
dataset.

TABLE 4
LATENT VARIABLE MEASURE
First-order constructs and Std. factor t-value IR
indicators? loadings (MLR)

Industry familiarity (CR=0.893; AVE=0.737)

I am very familiar with the

automotive industry and its 0.854 663.080 0.714
products

I regularly inform myself
about new products and in-

Lo - 0.898 667.502 0.795
novations in the automotive
industry
I am very interested in cars 0.841 862.769 0.696

and motorsports
Product quality (CR =.941; AVE = .841)
I trust the quality of prod-

0.904° 87.593 0.828
ucts from X.
P_roducts from Xare ofa 0.894 109.165 0.801
high quality.
Products from X offer ex- 0.944 125,665 0.890

cellent features.
Brand awareness (CR = .861; AVE = .675)
I can quickly recall some

b
characteristics of X. 0.880 80.294 0.758
I can easily recognize X 0.826 66.325 0.687
among competing brands.
I am familiar with X brand. 0.742 42.674 0.576

Brand association (CR = .872; AVE = .694)
I respect and admire people

; 0.858° 72.982 0.742
who drive X.
I like the X’s brand image. 0.807 71.333 0.645
I like and trust the company 0.825 58.622 0.700

that makes X cars.
Second-order constructs and indicators
Brand equity (CR =.930; AVE = .817)
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TABLES
CORRELATIONS AND FORNELL-LARCKER ASSESSMENT
# Constructs/ 1 2 3 4 5 6 7 8 9 10 11
Variables
1 Industry 0.858
familiarity
2 Product 0.271***  0.917
quality
3 Brand 0.260***  0.740*** 0.822
awareness
4 Brand 0.305*** 0.867*** 0.831*** (.833
association
5 Portfolio 0.222*%**  0.878*** (0.842*** (.607***
innovativeness
6 Portfolio 0.138***  0.540*** 0.518*** -0.0471 -0.083***
innovativeness
Variety
7 Age 0.047***  0.010 -0.040 0.011 -0.039* 0.116***
8 Gender 0.328***  0.015 0.010 0.017 -0.010 0.024 0.033
9 Income 0.206***  0.031 0.030 0.035 0.021 0.075** 0.175***  0.002
10 Mercedes 0.061F 0.094***  0.090*** 0.105*** 0.044 -0.101***  0.010 0.034 0.037
11 Opel -0.077* -0.368*** -0.353*** -0.413*** -0.195***  (.213*** -0.013 0.029 0.033 0.017***
12 1=Toyota -0.077* -0.241***  -0.231*** -0.271*** -0.179***  0.045 -0.013 0.029 0.032 0.017***  0.000

Note: T=p<0.1, * = p<0.05, ** = p>0.01, *** = p<0.001; bold numbers on the diagonal show the square root of the average variances extracted for latent
variables

Product quality 0.878° 78.358 0.772
Brand awareness 0.842 50.975 0.710
Brand associations 0.987 87.267 0.973

Note: X means the specific automobile brand; Pinitial loading
fixed to 1 to set the scale of the construct

We further assessed the discriminant validity of the first-order factors included in our overall research model by comparing the
square root of the average variance extracted for each construct with the correlation of that construct with all other constructs.
Brand awareness and brand association did not slightly meet the Fornell-Lacker criterion (Table 5). However, as the first order
constructs were aggregated into a reflective-reflective higher order construct, this slight deviation of discriminant validity is not
considered to be critical.

B. Structural Model Results

We tested our final structural model via stepwise MLR estimation (Table 6). First (Model 1), only control variables
were added. Whereas socio-demographic variables of the respondents (age, gender, and income) did not exert signifi-
cant effects, the industry familiarity and the individual brands showed a significant influence on the degree of brand
equity. The results indicate that the dummy-coded brands Mercedes, Opel, and Toyota all show significantly lower
brand equity compared to the reference category Porsche. The controls together explain 40.9% of the variance of per-
ceived brand equity.

In Model 2, we added the two main effects of portfolio innovativeness and portfolio innovativeness variety to the
model. Both effects were positive and significant, and the variance explanation of brand equity increased to 58.1%. In
Model 3, we added the interaction term between portfolio innovativeness and portfolio innovativeness variety as well
as squared portfolio innovativeness variety to the model. This model explains 58.5% of the variance.

Comparing the three models, we see that most of the effects of the previous models remained consistent after adding
more predictors. Interestingly, the main effect of portfolio innovativeness variety, although already significant in Model
2 (B=0.063, p<0.01), significantly increased ($=0.365, p<0.01) in height after adding the interaction with portfolio
innovativeness. Our complete model (Model 3) shows good overall fit criteria (CFI=0.954, TLI=0.941,
RMSEA=0.056, and SRMR=0.043).

The model supports our hypotheses. We found a significant, positive relationship between portfolio innovativeness
and brand equity ($=0.492, p<0.001). We further found a positive relationship between portfolio innovativeness variety
and brand equity (=0.365, p<0.01). However, this positive effect turns negative if the level of portfolio innovativeness



IEEE Transactions on Engineering Management, Manuscript - 01 Jan 2021 13

variety is too high. We found a negative quadratic effect of portfolio innovativeness variety on brand equity (=-0.169,
p<0.01), indicating an inverted U-shape effect. Finally, we find some support for the negative moderating effect of
portfolio innovativeness variety on the relationship between portfolio innovativeness and brand equity (p=-0.154,
p<0.1)

TABLE6

STRUCTURAL MODEL RESULTS"®¢
Ind_ependent Model 1 Model 2 Model 3 Hypotheses
variable
Industry familiarity 0.264*** (0.025) 0.157*** (0.023) 0.158*** (0.034)
Age -0.007 (0.018) 0.008 (0.017) 0.008 (0.017)
Gender (1 = male) -0.047* (0.021) -0.014 (0.020) -0.015 (0.020)
Income -0.011 (0.025) -0.008 (0.021) -0.006 (0.022)
Brand? (1 = Mercedes) -0.228%** (0.031) -0.164*** (0.026) -0.166*** (0.026)
Brand® (1 = Opel) -0.558%** (0.027) -0.450*** (0.025) -0.449%** (0.024)
Brand? (1 = Toyota) -0.437*** (0.028) -0.328*** (0.026) -0.330*** (0.026)
Portfolio innovativeness 0.446*** (0.021) 0.492*** (0.034) H1 accepted
Portfolio innovativeness variety 0.063** (0.021) 0.365** (0.117) H2 accepted
Portfolio innovativeness variety 2 -0.169** (0.053)
Portfolic_) innovativgness x portfolio 20,154+ (0.093) H3 accepted
Innovativeness variety
R?(A R?») 0.409 0.581 (0.172) 0.585 (0.004)
RMSEA 0.065 0.062 0.056
(C.1. 90%) (0.060-0.069) (0.058-0.066) (0.052-0.060)
CFI 0.956 0.953 0.954
TLI 0.942 0.940 0.941
SRMR 0.045 0.043 0.043

Note: ®Standardized coefficients are reported, °significant at: *** p < 0.001, **p < 0.01, *p < 0.05, +p< 0.1
¢ Numbers in parentheses represent standard errors of coefficients, ¢ Porsche is the reference category

VI. DISCUSSION

This study integrates former disconnected research streams on firm-internal portfolio innovativeness [3], [5], [6] and
consumer perceptions of innovation portfolio innovativeness [12], [13] by investigating portfolio innovativeness from
a consumer-centric perspective. We apply signaling theory [20], [57], [90] and conceptualize that a firm’s portfolio
innovativeness functions as a signal to consumers and determines their perceptions of brand equity.

First, the results show that high degrees of portfolio innovativeness signal high brand equity to consumers. This
positive relationship between portfolio innovativeness and brand equity supports the notion that high portfolio innova-
tiveness indicates to consumers that a brand invests significant resources to fulfill consumers’ needs by creating unique
product advantages and offering superior innovation quality [10], [18], [39]. Consequently, portfolio innovativeness
can reduce consumers’ uncertainty about a firm’s innovations, resulting in a positive brand perception of the firm.

Second, high portfolio innovativeness variety has an inverted U-shaped effect on consumers’ perceived brand equity.
This result can be explained by the fact that portfolio innovativeness variety signals to consumers that a firm can
address different consumer needs. However, when the portfolio innovativeness variety is too high, consumers perceive
conflicting signals and may become confused. Research in a B2B context also supports such a convex relationship
between portfolio innovativeness and customer loyalty [9], [10]. Consequently, we show that the clarity and credibility
of portfolio innovativeness influence the perceived brand equity. Further, the results indicate that the variety of port-
folio innovativeness that is too extreme can confuse consumers and result in less positive brand perceptions.

Finally, the results indicate a negative moderation effect of portfolio innovativeness on the relationship between
portfolio innovativeness and brand equity. This insight supports the notion that consumers who perceive a poor fit
between different innovations of a portfolio have less favorable attitudes towards a firm’s innovation portfolio [14],
[58]. Moreover, high degrees of variety impede consumers’ ability to compare different innovations with each other,
as highly innovative and incremental innovative new products and services require consumers to have or develop a
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totally different skill set [15]. Thereby, we complement new product development research on customer integration
[91].

A. Theoretical implications

This study responds to ongoing calls for further research on consumer perceptions of portfolio innovativeness [9],
[10] and related constructs [39], [40]. By addressing these calls, our results offer three central contributions to portfolio
innovativeness, IPM’s effects on firm outcomes, and a brand’s innovation activities.

First, we extend research that focuses IPM’s internal aspects, such as decision-making [17], [23], flexibility [24],
[25], [92], process formalization [23], [29], or strategic buckets [7], [26], by introducing and testing a novel construct,
portfolio innovativeness variety. This construct can offer a potential explanation for contradicting insights on portfolio
innovativeness. Research controversially discusses the potential positive and negative effects of portfolio innovative-
ness on firm outcomes and performance. While high portfolio innovativeness can enable firms to gain a revenue pre-
mium [28], [29], a portfolio of innovative products face internal challenges, such as organizational barriers and high
uncertainty [18], [30], [93], which costs outweigh portfolio innovativeness’ potential benefits. We extend this perspec-
tive by supporting the insights on an optimal degree of innovativeness [2], suggesting that a “right” mix of incremental
and radical innovation projects enable value-maximizing portfolios [4], [23], [29]. In particular, we show that portfolio
innovativeness positively affects consumer-based brand equity. The results also indicate that a variety of portfolio
innovativeness that is too extreme negatively impacts brand equity. Consequently, a moderate degree of portfolio in-
novativeness variety maximizes consumer-based brand equity.

Second, by showing that portfolio innovativeness can provide a signal to the consumer’s brand perceptions, we draw
attention to a less researched outcome of IPM. Research on IPM typically investigates the antecedents of IPM out-
comes, such as value maximization, balance, strategic fit [7], [23], [29], [31], or innovation performance, such as
revenues from new products [3], [94]. We extend these insights by showing that portfolio innovativeness affects con-
sumer-based brand equity. Since consumer-based brand equity predicts sales-based brand equity [32] that can maxim-
ize the portfolio’s value [23], [29], we draw the attention of research on IPM to a further, essential parameter for IPM.

Third, our insights suggest that IPM is a pivotal step to vitalize brands and that, therefore, firms should take brand
perceptions into account when managing a portfolio of innovations. Although the initial research already understands
portfolio innovativeness as an indication to a firm’s consumers that affects customer loyalty [9], [10], we extend these
insights by applying a signaling perspective on portfolio innovativeness. Whereas research indicates positive, negative,
and non-linear effects of portfolio innovativeness on B2B-customers’ brand perceptions [9], [10], we show that variety
in portfolio innovativeness can explain these different relationships as it mitigates the brand equity building effect of
portfolio innovativeness and directly affects brand equity in an inverted U-shaped relationship. We, therefore, comple-
ment research suggesting that not all brands can innovate the same way [11] by showing that a firm’s innovation
portfolio needs a certain fit in order to signal consistency and credibility to consumers. Opposing, extreme degrees of
portfolio innovativeness variety can be associated with consumers’ uncertainty about a firm’s offering, thereby con-
fusing them about the expected utility of a brand’s offerings. These insights supplement existing research on consum-
ers’ brand perceptions that either tends to investigate single new products and services [12], [13] or to apply a marketing
perspective that neglects portfolio innovativeness [11], [14], [15]. This study, therefore, also extends the literature by
offering a deeper understanding of how the configuration of an innovation portfolio affects consumer perceptions of a
firm’s brand equity.

B. Practical implications

Our study clearly advocates for the development of innovation portfolios where each single innovation project enjoys
a high level of innovativeness, as perceived by consumers. In developing such consumer perceptions, technology-
related as well as market-related aspects are of critical relevance. For innovation and marketing managers, such findings
highlight the necessity of innovation strategies that are not only focused on the constant development of innovative
new products and services, but also aim to ensure that consumers perceive their novelty.

The message of product novelty must therefore be adequately signaled to consumers in order to foster a firm’s brand
equity. Innovation strategies that aim at launching only a few, very innovative new product “stars” and expect the entire
portfolio of products to benefit from an enhanced brand-based innovation image are not supported by our results.
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Advertising campaigns that are focused on “lighthouse” products may disappoint consumers if they expect consistent
innovation and find varying degrees of innovativeness across the innovation portfolio. This may send a mixed signal
about the firm’s commitment to innovation. Consequently, new features should preferably be implemented into the
entire range of innovations on offer and marketing campaigns should approach novelty as a new product and service
attribute that characterizes all innovation in the portfolio.

Finally, our research highlights the importance of having a consumer-centric perspective when assessing portfolio
innovativeness to aid managers in building stronger brands and fostering a positive product evaluation. To do so, man-
agers must take into account that portfolio innovativeness and portfolio innovativeness variety send a signal to con-
sumers, determining their brand perceptions. IPM should therefore be aware of the underlying effects of portfolio
innovativeness on consumers’ brand perceptions in order to ensure a balanced and value-maximizing portfolio.

C. Limitations and future research

As we applied a cross-sectional research design, future research should have a look into the stability of our findings
over time. For instance, a firm builds brand equity over time, and there may be a delay before changes in the product
portfolio influence consumer perceptions [39]. Consequently, realizing higher levels of portfolio innovativeness may
not immediately increase brand equity and, if portfolio innovativeness decreased, a negative impact on brand equity
may not be directly observed. A longitudinal research design may open promising directions for future research.

The consumer-centric focus and the perception-based measurement method add value to the discussion on portfolio
innovativeness. Nevertheless, we did not investigate the extent to which the perceived level of product innovativeness
differs from actual, objective product innovativeness across the portfolio. In this respect, a firm’s advertising activities,
social contagion, and general publicity [12], [13] can represent additional factors that impact how consumers perceive
a product portfolio. Moreover, experimental research could further validate the causality of the relationship between
portfolio innovativeness and consumers’ brand perceptions by incorporating further covariates (e.g., marketing instru-
ments and innovation strategies) [11], [13]. Further, it is reasonable that the consumers’ perceptions and behavior can
cause spillover effects to the firms’ new product development. Thus, other theoretical perspectives, such as innovation
resistance [95] or framing [96], can inform future research.

While our results indicate that high degrees of portfolio innovativeness variety can absorb the positive of portfolio
innovativeness on brand equity, other adverse effects of portfolio innovativeness on employees and customers can
occur. Since high degrees of portfolio innovativeness are associated with a significant change in the firm and the ex-
ternal environment [2], employees can resist the necessary changes in the organization [97]. Similarly, consumers can
be overwhelmed by the change in their values, habits, and behaviors that is required to adopt an innovation. Thus,
research on the dispositional inclination (e.g., consumer innovativeness, resistance to change, technological affinity)
of employees and consumers can open up valuable directions for further (experimental) research on portfolio innova-
tiveness variety [13], [49], [95], [98]. Further, research can also investigate the relationship between brand perceptions
and the adoption of a single innovation project since it is reasonable that there are spillover effects of consumers’ brand
perceptions and the adoption process of innovations [49], [73].

performance: the dual role of new product development

REFERENCES capabilities,” J. Acad. Mark. Sci., vol. 44, no. 2, pp. 166—
[1] G. Gemsera and M. A. A. M. Leendersb, “How 184, 2016.
integrating industrial design in the product development [4] P. Spieth and M. Lerch, “Augmenting innovation project
process impacts on company performance,” J. Prod. portfolio management performance: The mediating effect
Innov. Manag., vol. 18, no. 1, pp. 28-38, Jan. 2001. of management perception and satisfaction,” R&D
[2] C. Schultz, S. Salomo, and K. Talke, “Measuring New Manag., vol. 44, no. 5, pp. 498-515, Nov. 2014.
Product Portfolio Innovativeness: How Differences in [5] V.M. Story, N. Boso, and J. W. Cadogan, “The Form of
Scale Width and Evaluator Perspectives Affect its Relationship between Firm-Level Product Innovativeness
Relationship with Performance,” J. Prod. Innov. Manag., and New Product Performance in Developed and
vol. 30, no. S1, pp. 93-109, 2013. Emerging Markets,” J. Prod. Innov. Manag., vol. 32, no.
[3] G. Rubera, D. Chandrasekaran, and A. Ordanini, “Open 1, pp. 45-64, Jan. 2015.

innovation, product portfolio innovativeness and firm [6] K. Talke, S. Salomo, and K. Rost, “How top



IEEE Transactions on Engineering Management, Manuscript - 01 Jan 2021

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

management team diversity affects innovativeness and
performance via the strategic choice to focus on
innovation fields,” Res. Policy, vol. 39, no. 7, pp. 907—
918, Sep. 2010.

L. P. Santiago and V. M. O. Soares, “Strategic
Alignment of an R&D Portfolio by Crafting the Set of
Buckets,” IEEE Trans. Eng. Manag., vol. 67, no. 2, pp.
309-321, 2020.

J. Hutchison-Krupat and S. Kavadias, “Organizational
Enablers for NPD Portfolio Selection,” IEEE Trans. Eng.
Manag., vol. 65, no. 1, pp. 59-71, Feb. 2018.

R. M. Stock and N. A. Zacharias, “Two Sides of the
Same Coin: How Do Different Dimensions of Product
Program Innovativeness Affect Customer Loyalty?,” J.
Prod. Innov. Manag., vol. 30, no. 3, pp. 516-532, May
2013.

R. M. Stock, “How does product program innovativeness
affect customer satisfaction? A comparison of goods and
services,” J. Acad. Mark. Sci., vol. 39, no. 6, pp. 813—
827, 2011.

M. B. Beverland, J. Napoli, and F. Farrelly, “Can All
Brands Innovate in the Same Way? A Typology of Brand
Position and Innovation Effort*,” J. Prod. Innov.
Manag., vol. 27, no. 1, pp. 33-48, Jan. 2010.

R. P. Lee, Q. Chen, and N. N. Hartmann, “Enhancing
Stock Market Return with New Product
Preannouncements: The Role of Information Quality and
Innovativeness,” J. Prod. Innov. Manag., vol. 33, no. 4,
pp. 455-471, 2016.

M. C. Schuhmacher, S. Kuester, and E. J. Hultink,
“Appetizer or Main Course: Early Market vs. Majority
Market Go-to-Market Strategies for Radical
Innovations,” J. Prod. Innov. Manag., vol. 35, no. 1, pp.
106-124, 2018.

G. Yalcinkaya and T. Aktekin, “Brand Extension Effects
and Core Attributes of Experience Product Franchises: A
Bayesian Approach,” J. Prod. Innov. Manag., vol. 32,
no. 5, pp. 731-746, Sep. 2015.

J. Berger, M. Draganska, and 1. Simonson, “The
influence of product variety on brand perception and
choice,” Mark. Sci., vol. 26, no. 4, pp. 460-472, 2007.

K. Atuahene-Gima, “Market orientation and innovation,”
J. Bus. Res., vol. 35, no. 2, pp. 93-103, 1996.

T. Roeth, P. Spieth, and D. Lange, “Managerial Political
Behavior in Innovation Portfolio Management: A
Sensegiving and Sensebreaking Process,” J. Prod. Innov.
Manag., vol. 36, no. 5, pp. 534-559, 20109.

F.-J. Molina-Castillo and J.-L. Munuera-Aleman, “New
product performance indicators: Time horizon and
importance attributed by managers,” Technovation, vol.
29, no. 10, pp. 714-724, Oct. 20009.

K. L. Ailawadi, D. R. Lehmann, and S. A. Neslin,
“Revenue Premium as an Outcome Measure of Brand
Equity,” J. Mark., vol. 67, no. 4, pp. 1-17, Oct. 2003.

M. Spence, “Job market signaling,” Q. J. Econ., vol. 87,
no. 3, pp. 355-74, 1973.

K. L. Keller, “Conceptualizing and Measuring , Brand

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

16

Managing Customer-Based Equity,” J. Mark., vol. 57,
no. 1, pp. 1-22, 1993.

K. L. Keller, “Understanding brands, branding and brand
equity,” Interact. Mark., vol. 5, no. 1, pp. 7-20, Jul.
2003.

C. Urhahn and P. Spieth, “Governing the Portfolio
Management Process for Product Innovation—A
Quantitative Analysis on the Relationship Between
Portfolio Management Governance, Portfolio
Innovativeness, and Firm Performance,” |IEEE Trans.
Eng. Manag., vol. 61, no. 3, pp. 522-533, Aug. 2014.

L. P. Santiago and P. Vakili, “On the value of flexibility
in R&D projects,” Manage. Sci., vol. 51, no. 8, pp.
1206-1218, 2005.

A. Kock and H. G. Gemiinden, “Antecedents to
Decision-Making Quality and Agility in Innovation
Portfolio Management,” J. Prod. Innov. Manag., vol. 33,
no. 6, pp. 670-686, 2016.

R. O. Chao and S. Kavadias, “A Theoretical Framework
for Managing the New Product Development Portfolio:
When and How to Use Strategic Buckets,” Manage. Sci.,
vol. 54, no. 5, pp. 907-921, May 2008.

G. A. B. Marcondes, R. C. Leme, and M. M. Carvalho,
“Framework for Integrated Project Portfolio Selection
and Adjustment,” IEEE Trans. Eng. Manag., vol. 66, no.
4, pp. 677-688, 2019.

G. J. Tellis, J. C. Prabhu, and R. K. Chandy, “Radical
Innovation Across Nations: The Preeminence of
Corporate Culture,” J. Mark., vol. 73, no. 1, pp. 3-23,
2009.

R. G. Cooper, S. J. Edget, and E. J. Kleinschmidt, “New
product portfolio management: practices and
performance,” J. Prod. Innov. Manag., vol. 16, no. 4, pp.
333-351, 1999.

R. J. Calantone, K. Chan, and A. S. Cui, “Decomposing
Product Innovativeness and Its Effects on New Product
Success,” J. Prod. Innov. Manag., vol. 23, no. 5, pp.
408-421, Sep. 2006.

L. Kester, E. J. Hultink, and A. Griffin, “An Empirical
Investigation of the Antecedents and Outcomes of NPD
Portfolio Success,” J. Prod. Innov. Manag., vol. 31, no.
6, pp. 1199-1213, Nov. 2014.

H. Datta, K. L. Ailawadi, and H. J. Van Heerde, “How
well does consumer-based brand equity align with sales-
based brand equity and marketing-mix response?,” J.
Mark., vol. 81, no. 3, pp. 1-20, 2017.

R. M. Stock, F. Totzauer, and N. a. Zacharias, “A Closer
Look at Cross-functional R&D Cooperation for
Innovativeness: Innovation-oriented Leadership and
Human Resource Practices as Driving Forces,” J. Prod.
Innov. Manag., vol. 31, no. 5, pp. 924-938, 2013.

M. Lerch and P. Spieth, “Innovation Project Portfolio
Management: A Qualitative Analysis,” IEEE Trans. Eng.
Manag., vol. 60, no. 1, pp. 18-29, Feb. 2013.

D. M. Szymanski, M. W. Kroff, and L. C. Troy,
“Innovativeness and new product success: insights from
the cumulative evidence,” J. Acad. Mark. Sci., vol. 35,



IEEE Transactions on Engineering Management, Manuscript - 01 Jan 2021 17

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

no. 1, pp. 35-52, 2007.

G. Rubera and A. H. Kirca, “Firm Innovativeness and Its
Performance Outcomes: A Meta-Analytic Review and
Theoretical Integration,” J. Mark., vol. 76, no. 3, pp.
130-147, May 2012.

G. Jordan and E. Segelod, “Software innovativeness:
outcomes on project performance, knowledge
enhancement, and external linkages,” R&D Manag., vol.
36, no. 2, pp. 127-142, Mar. 2006.

S. Salomo, K. Talke, and H. G. Gemiinden, “NPD
Planning Activities and Innovation Performance: The
Mediating Role of Process Management and the
Moderating Effect of Product Innovativeness,” J. Prod.
Innov. Manag., vol. 24, pp. 285-302, 2007.

W. Kunz, B. Schmitt, and A. Meyer, “How does
perceived firm innovativeness affect the consumer?,” J.
Bus. Res., vol. 64, no. 8, pp. 816-822, 2011.

J. Kim, K. H. Kim, T. C. Garrett, and H. Jung, “The
contributions of firm innovativeness to customer value in
purchasing behavior,” J. Prod. Innov. Manag., vol. 32,
no. 2, pp. 201-213, 2015.

D. H. Henard and D. M. Szymanski, “Why Some New
Products are More Successful than Others,” J. Mark.
Res., vol. 38, no. 3, pp. 362-375, Aug. 2001.

G. C. O’Connor and Y. Lee, “The impact of
communication strategy on launching new products: The
moderating role of product innovativeness,” J. Prod.
Innov. Manag., vol. 20, no. 1, pp. 4-21, 2003.

R. M. Stock and N. A. Zacharias, “Patterns and
performance outcomes of innovation orientation,” J.
Acad. Mark. Sci., vol. 39, no. 6, pp. 870-888, Dec. 2011.
G. Rubera and A. H. Kirca, “You gotta serve somebody:
the effects of firm innovation on customer satisfaction
and firm value,” J. Acad. Mark. Sci., vol. 45, no. 5, pp.
741-761, Sep. 2017.

R. F. Hurley and G. T. M. Hult, “Innovation, market
orientation, and organizational learning: an integration
and empirical examination,” J. Mark., vol. 62, no. 3, pp.
42-54, 1998.

C. Nakata et al., “New Product Creativity Antecedents
and Consequences: Evidence from South Korea, Japan,
and China,” J. Prod. Innov. Manag., vol. 35, no. 6, pp.
939-959, 2018.

P. Micheli and G. Gemser, “Signaling Strategies for
Innovative Design: A Study on Design Tradition and
Expert Attention,” J. Prod. Innov. Manag., vol. 33, no. 5,
pp. 613-627, 2016.

A. Kirmani and A. R. Rao, “No pain, no gain: A critical
review of the literature on signaling unobservable
product quality,” J. Mark., vol. 64, no. 2, pp. 6679,
2000.

K. Talke and S. Heidenreich, “How to overcome pro-
change bias: Incorporating passive and active innovation
resistance in innovation decision models,” J. Prod.
Innov. Manag., vol. 31, no. 5, pp. 894-907, 2014.

E. M. Rogers, Diffusion of innovations. New York: Free
Press, 2003.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

M. B. Akdeniz, R. J. Calantone, and C. M. Voorhees,
“Signaling quality: An examination of the effects of
marketing- and nonmarketing-controlled signals on
perceptions of automotive brand quality,” J. Prod. Innov.
Manag., vol. 31, no. 4, pp. 728-743, 2014.

E. Fang, “Customer participation and the trade-off
between new product innovativeness and speed to
market,” J. Mark., vol. 72, no. 4, pp. 90-104, 2008.

N. Bharadwaj, C. H. Noble, A. Tower, L. M. Smith, and
Y. Dong, “Predicting Innovation Success in the Motion
Picture Industry: The Influence of Multiple Quality
Signals,” J. Prod. Innov. Manag., vol. 34, no. 5, pp. 659—
680, 2017.

P. Spieth, T. Roeth, and S. Meissner, “Reinventing a
business model in industrial networks: Implications for
customers’ brand perceptions,” Ind. Mark. Manag., vol.
83, pp. 275-287, Nov. 2019.

J. Zhang, Y. Jiang, R. Shabbir, and M. Du, “Building
industrial brand equity by leveraging firm capabilities
and co-creating value with customers,” Ind. Mark.
Manag., vol. 51, no. 3, pp. 47-58, Nov. 2015.

A. D. Shocker and D. A. Aaker, “Managing Brand
Equity,” J. Mark. Res., vol. 29, no. 3, pp. 247-248, 1993.
T. Erdem and J. Swait, “Brand equity as a signaling
phenomenon,” J. Consum. Psychol., vol. 7, no. 2, pp.
131-157, 1998.

D. A. Aaker and K. L. Keller, “Consumer Evaluations of
Brand Extensions,” J. Mark., vol. 54, no. 1, p. 27, Jan.
1990.

A. R.Rao, L. Qu, and R. W. Ruekert, “Signaling
Unobservable Product Quality through a Brand Ally,” J.
Mark. Res., vol. 36, no. 2, p. 258, May 1999.

D. L. Alexander, J. G. Lynch, and Q. Wang, “As time
goes by: Do cold feet follow warm intentions for really
new versus incrementally new products?,” J. Mark. Res.,
vol. 45, no. 3, pp. 307-319, 2008.

S. Hoeffler, “Measuring Preferences for Really New
Products,” J. Mark. Res., vol. 40, no. 4, pp. 406-420,
Nov. 2003.

C. Fuchs and A. Diamantopoulos, “Customer-perceived
positioning effectiveness: Conceptualization,
operationalization, and implications for new product
managers,” J. Prod. Innov. Manag., vol. 29, no. 2, pp.
229-244, 2012.

W. Boulding, E. Lee, and R. Staelin, “Mastering the
Mix: Do Advertising, Promotion, and Sales Force
Activities Lead to Differentiation?,” J. Mark. Res., vol.
31, no. 2, p. 159, 1994.

C. A. O’Reilly and M. L. Tushman, “Organizational
Ambidexterity: Past, Present, and Future,” Acad. Manag.
Perspect., vol. 27, no. 4, pp. 324-338, Nov. 2013.

G. Li, R. Zhang, and C. Wang, “The role of product
originality, usefulness and motivated consumer
innovativeness in new product adoption intentions,” in
Journal of Product Innovation Management, 2015, vol.
32, no. 2, pp. 214-223.

B. Schwartz, The paradox of choice: Why more is less.



IEEE Transactions on Engineering Management, Manuscript - 01 Jan 2021

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

New York: Harper Collins Publishers, 2004.

P. R. Magnusson, J. Matthing, and P. Kristensson,
“Managing User Involvement in Service Innovation:
Experiments With Innovating End Users,” J. Serv. Res.,
vol. 6, no. 2, pp. 111-124, 2003.

C. J. Thompson, A. Rindfleisch, and Z. Arsel,
“Emotional and the Branding Value of the Doppelganger
Strategic Brand,” J. Mark., vol. 70, no. 1, pp. 50-64,
2006.

R. R. Klink and G. A. Athaide, “Consumer
innovativeness and the use of new versus extended brand
names for new products,” J. Prod. Innov. Manag., vol.
27, no. 1, pp. 23-32, 2010.

P. C. Verhoef, K. H. Pauwels, and M. A. Tuk,
“Assessing Consequences of Component Sharing across
Brands in the Vertical Product Line in the Automotive
Market,” J. Prod. Innov. Manag., vol. 29, no. 4, pp. 559—
572, Jul. 2012.

K. Talke, S. Salomo, J. E. Wieringa, and A. Lutz, “What
about Design Newness? Investigating the Relevance of a
Neglected Dimension of Product Innovativeness,” J.
Prod. Innov. Manag., vol. 26, no. 6, pp. 601-615, Nov.
2009.

M. Petschnig, S. Heidenreich, and P. Spieth, “Innovative
alternatives take action — Investigating determinants of
alternative fuel vehicle adoption,” Transp. Res. Part A
Policy Pract., vol. 61, pp. 68-83, 2014.

S. Heidenreich, P. Spieth, and M. Petschnig, “Ready,
Steady, Green: Examining the Effectiveness of External
Policies to Enhance the Adoption of Eco-Friendly
Innovations,” J. Prod. Innov. Manag., vol. 34, no. 3, pp.
343-359, May 2017.

R. F. DeVellis, Scale development: Theory and
applications. SAGE Publications, 2016.

K. P. Gwinner, D. D. Gremler, and M. J. Bitner,
“Relational Benefits in Services Industries: The
Customer’s Perspective,” J. Acad. Mark. Sci., vol. 26,
no. 2, pp. 101-114, 1998.

M. Bendixen, K. A. Bukasa, and R. Abratt, “Brand
equity in the business-to-business market,” Ind. Mark.
Manag., vol. 33, no. 5, pp. 371-380, Jul. 2004.

E. P. Piening and T. O. Salge, “Understanding the
antecedents, contingencies, and performance
implications of process innovation: A dynamic
capabilities perspective,” J. Prod. Innov. Manag., vol.
32, no. 1, pp. 80-97, 2015.

C. P. Moreau, D. R. Lehmann, and A. B. Markman,
“Entrenched Knowledge Structures and Consumer
Response to New Products,” J. Mark. Res., vol. 38, no. 1,
pp. 14-29, Feb. 2001.

A. Goerzen and P. W. Beamish, “The effect of alliance
network diversity on multinational enterprise
performance,” Strateg. Manag. J., vol. 26, no. 4, pp.
333-354, 2005.

R. M. Grant, A. P. Jammine, and H. Thomas, “Diversity ,
Diversification , and Profitability among British
Manufacturing Companies,” Acad. Manag. J., vol. 31,

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

18

no. 4, pp. 771-801, 1988.

D. A. Aaker, Building Strong Brands. New York, NY:
The Free Press, 1996.

X. Tong and J. M. Hawley, “Measuring customer-based
brand equity: Empirical evidence from the sportswear
market in China,” J. Prod. Brand Manag., vol. 18, no. 4,
pp. 262-271, 2009.

G. Lu, X. (David) Ding, D. X. Peng, and H. Hao-Chun
Chuang, “Addressing endogeneity in operations
management research: Recent developments, common
problems, and directions for future research,” J. Oper.
Manag., vol. 64, no. October, pp. 53-64, 2018.

L. K. Muthén and B. O. Muthén, Mplus 6. Los Angeles/
CA, 2011.

P. M. Podsakoff, S. B. MacKenzie, J.-Y. Lee, and N. P.
Podsakoff, “Common method biases in behavioral
research: a critical review of the literature and
recommended remedies.,” J. Appl. Psychol., vol. 88, no.
5, pp. 879-903, 2003.

M. K. Lindell and D. J. Whitney, “Accounting for
Common Method Variance in Cross-Sectional Research
Designs,” J. Appl. Psychol., vol. 86, no. 1, pp. 114-121,
2001.

J. F. Hair, M. Sarstedt, C. M. Ringle, and J. A. Mena,
“An assessment of the use of partial least squares
structural equation modeling in marketing research,” J.
Acad. Mark. Sci., vol. 40, no. 3, pp. 414-433, May 2012.
R. P. Bagozzi and H. Baumgartner, “The Evaluation of
Structural Equation Models and Hypotheses Testing,” in
Principles of Marketing Research, R. P. Bagozzi, Ed.
Cambridge, Massachusetts: Blackwell, 1994, pp. 386—
422.

R. P. Bagozzi and Y. Yi, “Specification, evaluation, and
interpretation of structural equation models,” J. Acad.
Mark. Sci., vol. 40, no. 1, pp. 8-34, 2012.

T. Erdem, J. Swait, and A. Valenzuela, “Brands as
Signals: A Cross-Country Validation Study,” J. Mark.,
vol. 70, no. 1, pp. 34-49, Jan. 2006.

F. Schweitzer, E. A. Van den Hende, and E. Hultink,
“There’s More Than One Perspective to Take Into
Account for Successful Customer Integration Into
Radical New Product Innovation: A Framework and
Research Agenda,” IEEE Trans. Eng. Manag., vol. 67,
no. 3, pp. 813-829, 2020.

F. Schweitzer, T. Roeth, and T. Gillier, “The eye of the
beholder: The influence of intuition, rationality, and
leeway on the assessment of an Idea’s market-creation
potential,” Ind. Mark. Manag., vol. 91, no. September,
pp. 274-284, Nov. 2020.

M. Lin and P. C. Patel, “Distant search, technological
diversity, and branding focus: Incremental and radical
innovation in small- and medium-sized consignees,”
IEEE Trans. Eng. Manag., vol. 66, no. 2, pp. 170-179,
20109.

R. Klingebiel and C. Rammer, “Resource allocation
strategy for innovation portfolio management,” Strateg.
Manag. J., vol. 35, no. 2, pp. 246-268, Feb. 2014.



IEEE Transactions on Engineering Management, Manuscript - 01 Jan 2021 19

[95] S. Heidenreich and K. Talke, “Consequences of
mandated usage of innovations in organizations:
developing an innovation decision model of symbolic
and forced adoption,” AMS Rev., vol. 10, no. 34, pp.
279-298, Dec. 2020.

[96] P. Spieth, T. Réth, T. Clauss, and C. Klos,
“Technological frames in the digital age: Theory,
measurment instrument, and future research areas,” J.
Manag. Stud., p. joms.12720, May 2021.

[97] B. Shimoni, “What is Resistance to Change? A Habitus-
Oriented Approach,” Acad. Manag. Perspect., vol. 31,
no. 4, pp. 257-270, 2017.

[98] T. R6th and P. Spieth, “The influence of resistance to
change on evaluating an innovation project’s
innovativeness and risk: A sensemaking perspective,” J.
Bus. Res., vol. 101, pp. 83-92, Aug. 2019.

Patrick Spieth received the Diploma in
business administration from the Technical
University of Dortmund, Dortmund, Ger-
many, in 2003, and the doctorate degree in
business administration and management
from University of Kassel, 2009. He is cur-
rently a Full Professor with the Department
of Technology and Innovation Manage-
ment with the University of Kassel. From
2010 to 2014, he was an Assistant Professor at EBS Business
School. His research interests include business model innova-
tion, product and service innovations, and new product devel-
opment. He has published on these topics in journals such as the
Journal of Management Studies, Journal of Product Innovation
Management, Long Range Planning, Creativity and Innovation
Management, Industry and Innovation, Transportation Re-
search Part A, R&D Management Journal, International Journal
of Innovation Management, Technological Forecasting and So-
cial Change, and Industrial Marketing Management.

Tobias Roeth is a post-doctoral researcher

at the Chair of Technology and Innovation

Management at the University of Kassel,

Germany. In 2018, he received his Ph.D.

7’ from the University of Kassel and his bach-

elor’s as well as master’s degrees in busi-

ness administration and management from

J‘ ‘ the University of Kiel, Germany. He was a

) visiting scholar at Arizona State Univer-

sity. His research focuses on decision-making behavior in inno-

vation management, business model innovation, and the digital

transformation of incumbent firms. He has published on these

topics in journals such as Journal of Management Studies, Jour-

nal of Product Innovation Management, Industrial Marketing

Management, Journal of Business Research, R&D Manage-

ment Journal, and International Journal of Innovation Manage-
ment.

Thomas Clauss is chair holder of the
WIFU endowed chair for corporate entre-
preneurship and digitalization in family
businesses and has an appointment as As-
sociate Professor for New Product Devel-
opment at the University of Southern
Denmark. From 2013 to 2019 he was As-
sistant Professor at the Philipps Univer-
sity in Marburg. He studied industrial engineering and econom-
ics at the University of Kassel and then did his doctorate on the
subject of governance of supplier cooperation at the University
of Hamburg. His research interests include business model in-
novation, innovation generation in alliances and buyer—supplier
relationships, as well as the implications of digitalization for
these topics. His work has appeared in leading international
journals, such as Journal of Management Studies, Long Range
Planning, Journal of Supply Chain Management, Industrial
Marketing Management, R&D Management, and Organization
& Environment.

Christian Urhahn received the Doc-
toral degree from EBS Universitét, Oes-
trich-Winkel, Germany, in 2013. His re-
search interests include innovativeness
and innovation success, as well innova-
tion project portfolio management.

Catherine Killen is the Director of the
Postgraduate Project Management Pro-
gram at the University of Technology
Sydney. She has a Bachelor of Science in
Mechanical Engineering from the Univer-
sity of Virginia with high distinction, a
Master of Engineering Management from

4 the University of Technology, Sydney,
and a PhD from the Macquarie Graduate School of Manage-
ment in Sydney. She conducts research on the management of
innovation and projects with a focus on project portfolio man-
agement. She has published more than 80 journal articles, con-
ference papers and book chapters in these areas.




