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Abstract
The relationship between innovation and product diversification in firms has been studied and
debated for decades. Early articles proposed a positive relationship, while subsequent research
supported a negative influence on innovation from product diversification based on observable
reductions in research & development expenditures. Such findings also suggest a negative
influence on absorptive capacity from increasing product diversification. This article uses an
absorptive capacity perspective to revisit the relationship. Together with related literature on
knowledge creation and transfer processes, a positive association between related product
diversification by firms and the quantity of created technological knowledge is suggested.
Evidence to support such a positive relationship is provided using patent data from technologybased firms in a sample of 1,997 firm-years between 1990 and 1999. Some evidence of a
negative association between knowledge creation and very high levels of unrelated
diversification is indicated, qualifying and supporting the “M-form” hypothesis. The findings
more closely align understandings of the relationship between product diversification and
innovation with the relationship between product diversification and firm performance.
I. Introduction
Although product diversification is among the most researched topics in strategic management, its relationship to
innovation remains unsettled. Numerous studies support the notion that firms achieve economic synergies through
related product diversification while unrelated diversification generally results in the inefficient deployment of
resources (see Palich et al. [1] for a meta-analysis). Yet earlier empirical evidence indicated that product
diversification is negatively related to research & development intensity, interpreted as deleterious to innovation,
and suggesting that firms can do better when they focus their innovation activities [2]-[4]. R&D intensity has
further been used as a proxy measure for absorptive capacity [5], implying that increasing product diversification
should decrease at least some dimensions of absorptive capacity.
The purpose of this paper is to resolve the gap between expectations from a range of literature that product
diversification, within limits, should enhance innovation, and the empirical evidence suggesting otherwise. To do
so, we employ conceptualizations of absorptive capacity [6] to examine the effects of firm-level product
diversification in terms of knowledge acquisition, assimilation, and transformation.
Knowledge stocks and flows are regarded as idiosyncratic to the firm [7] and therefore a source of sustainable
competitive advantage [8]-[12]. Successful innovation is highly dependent on the development and integration of
new knowledge [13] while knowledge creation and transfer are regarded as a basis for competitive advantage [14].
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Similarly, knowledge stocks and flows are essential to absorptive capacity [6]. While the model has undergone reconceptualizations [15] [5] it seems widely accepted that organizational knowledge stocks shape knowledge inflows
from beyond firms’ organizational boundaries that becomes available for assimilation, transformation and
exploitation [6] [15]-[18].
Because diversification is usually accompanied by multi-divisional structures (the “M-form”) including research and
development resources and associated knowledge stocks, there are apparently more diverse knowledge flows into a
diversified firm than focused firms. In this paper we consider the potential effects of these more diverse knowledge
flows suggested by the literature, resulting in testable hypotheses regarding the association between product
diversification and technological knowledge creation in the innovation process.
The article begins with a review of the literature that refers to R&D synergies as a value-creating rationale for
diversification. A brief review of research and findings regarding product diversification and innovation follows,
identifying the gap addressed in this article. From this foundation, the paper develops hypotheses suggested by the
absorptive capacity and associated literature. The development of empirical tests of the hypotheses follows,
concluding with a discussion of the results, implications, and limitations of the study.
II. Literature Review
Why Firms Diversify
Among the earliest reasons cited for firms engaging in product diversification are attenuation of business risk,
increasing the capacity utilization of resources, adapting to changing customer needs, exploitation of tax advantages,
sourcing management talent, exploitation of economics of scale and scope in managerial talent and functional
resources [19][20], and enhancement of internal capital markets [21]-[23]. Included is the notion that diversification
can exploit “discoveries, accidental or purposeful” from R&D efforts [24] that arise from the need to address
product obsolescence and create new markets [20].
Innovation has been associated with firm diversification since the earliest papers on the topic. Chamberlin [25] and
Penrose [26] view product diversification as the result of innovation, when firms incorporate new technologies,
market needs, and consumer insights into the creation of products and services in response to opportunities and
competitive threats.
The literature suggests that the motivations for product diversification can be divided into value creation and value
appropriation, which are distinct, but not mutually exclusive since the way value is created, via strategic alliances or
internal R&D for example, may determine the way it can be appropriated, and vice-versa. Value creation is
concerned with how firms exploit available resources to find and develop new revenue streams or increase the profit
yield on existing revenue streams [27]. Penrose’s [26] observation that technologies are commercialized into
diverse product markets is widely regarded as foundational to the resource-based view (RBV) of the firm.
The RBV regards each firm as a unique bundle of tangible and intangible resources [28]. Whether these bundles of
resources are valuable and can create a sustained source of profit [29] depends on whether they are rare, inimitable,
and non-substitutable [29][30]. The resources of particular interest are firms’ stocks and flows of knowledge [7].
Compared to other resources, codified knowledge is more fungible, and the nearly costless transferability and
usability of codified knowledge through R&D activities can lead to entirely new value chains [31][32].
Value appropriation explanations hold that managers have limited incentives to return the residual of the firm’s
productive activities to its owners, choosing instead to expand the scope of the firm beyond its efficiency frontier; to
‘over-diversify’ [33]-[35]. They do so by diverting free cash flows to diversification strategies in order to
accumulate prestige, power and pecuniary benefits [36]-[38].
Diversification and Innovation
Innovation competencies are critical to long-term competitiveness and firm performance [39]. Innovation consists
of invention, the creation of novel knowledge [40], and commercialization, the exploitation of knowledge to create
products and services [41]. The process begins with the allocation of resources toward innovative activities, often
2
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reflected as R&D expense, that lead to the accumulation of knowledge stocks. These technological knowledge
stocks and flows, together with market knowledge of potential commercial application, comprise absorptive capacity
[17].
Unlike other types of assets, when knowledge is exploited it increases in value because of spillovers and the
possibility of recombinant new knowledge creation, providing an incentive for firms to initially diversify into
products adjacent to their core businesses [42][31]. Granstrand [43] argues that diversifying the uses of a
technology beyond the initial product is a natural outcome of applied R&D, implying that technological
diversification precedes product diversification [44]. Extending the concept, Cantwell & Piscitello [45] show that
increases in firm-specific competencies lead to higher levels of corporate technological diversification.
Other research alludes to potential positive affects of diversification on innovation, rather than the other way around.
Applying knowledge to new uses allows the firm to explore novel knowledge combinations [46]. Breschi et al. [47]
and Teece [48][23] provide evidence for the role of knowledge-relatedness in extending the ways firms can diversify
their innovative activities. Henderson & Cockburn [49] find that larger firms have the infrastructure to take
advantage of shared knowledge through diversification, and Miller et al. [50] provide evidence that knowledge
search and transfer across divisions within a diversified firm positively impacts subsequent technological
development.
Even so, earlier studies have suggested that diversification away from a core business can negatively impact
innovation [51]. In large, multi-product, multi-divisional firms the effect is attributed to the limited information
processing capability of management [52] in the face of increased organizational complexity, inducing shifts from
strategic to financial controls [53][54], dubbed the “M-form hypothesis”. This shift, it is argued, induces riskavoidance behavior by divisional managers, and is reflected in lower R&D intensity [55]-[57].
We note that prior studies that test the M-form hypothesis largely seek explanation of the behavior of R&D
expenditures, while not explicitly addressing innovation in terms of knowledge creation processes or outcomes.
Taking such an approach should extend our understanding and reveal a finer view of the association.
III. Product Diversification and Absorptive Capacity
R&D resources ought to be least affected by increasing financial controls associated with diversification, as
knowledge is the most strategic resource and tends to defy metrics more typical of financial control. Increasing
diversification is often associated with increased specialization [58], where technical knowledge resources are
divided into R&D sub-units [27][59]. By dividing R&D efforts among strategic business units, management
delegates the strategic control of R&D while retaining financial control through overall R&D funding and divisional
allocation decisions.
Knowledge transfer and creation embody the strategic essence of absorptive capacity and of the resource-based
view, since created knowledge is idiosyncratic to the firm and therefore rare, inimitable and non-substitutable [60][62], [8][12][46]. The development of competitive advantage based on innovation requires absorptive capacity to
flow new knowledge into existing knowledge stocks [6], and the process must be affirmatively supported and
managed [13].
Knowledge acquisition, assimilation, transformation, and exploitation have been identified as four empirically
distinct dimensions of the absorptive capacity framework [63]. Lichtenthaler [17] distinguishes technological
knowledge from marketing knowledge, the latter referring to commercial insight into value-creating market
opportunities represented by a firm’s technological knowledge.
Focus on the relationship between diversification and technological knowledge suggests that opportunities for
assimilation and transformation are enhanced in diversified firms because acquired knowledge is more varied, and
because of the relative ease with which knowledge can be effectively transferred within firms compared to markets.
Technological knowledge is the knowledge that a firm explores, transforms, and potentially exploits in its absorptive
capacity processes [16][17]. In diversified firms each divisional knowledge stock is embedded in a specialized
knowledge network external to the firm’s boundaries [6][16][50], increasing the diversity of knowledge flows and
accumulated stocks.
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To fully exploit knowledge requires it to be transferred across the organization [64]. The affirmative management
of divisional R&D resources includes connecting “islands of knowledge” between the sub-units to preserve the
value of existing knowledge and broaden the potential for knowledge creation [5][65].
We know that organizational knowledge is sticky (i.e. resists transfer from where it is identified or created) because
it is highly contextual and contains a tacit component [66][67]. A number of scholars have argued that firms are
better than markets at reducing knowledge stickiness [68][69][61], depicting firms as social communities that
specialize in the internal transfer of knowledge [70].
The ties between individuals and subunits that exist within firms can enhance opportunities for knowledge
assimilation and transformation when compared to arms-length exchanges that characterize market-based
relationships [71][50]. Whether such opportunities are acted on is subject to contingencies. Social integration
within firms represents a functional contingency factor for absorptive capacity [15], and together with
appropriability regimes and power relationships, have the potential for both positive and negative moderating effects
[18]. While such contingencies may contribute to knowledge stickiness within firms, some aspects of social capital
such as organizational integration, access, and common language, that are more likely exist within than between
firms, can induce patterns of knowledge sharing that reduces stickiness [72].
So firms may be better than markets at productively sharing knowledge, and the variety of knowledge in diversified
firms may provide advantages in knowledge assimilation and transformation over non-diversified firms. Externally
acquired knowledge shared internally between subunits induces cross-fertilization [43], suggests novel approaches
to difficult problems [16], and mitigates ‘competency traps’ [65]. The resulting knowledge stocks lead to the
potential for a wider range of technologies [73] that can produce “new inventions, new functionalities and increased
product and/or process performances when combined”, and can yield “…what could be called true economies of
scope, which are not the kind of economies of scope that arise from shared inputs, and are special cases of
economies of scale” [43 pg. 474]. The recombinant potential of diversified knowledge creates more opportunity for
the creation of new knowledge [74][50].
This body of literature suggests that opportunities for assimilation and transformation, by virtue of the diversity of
knowledge flows and resulting stocks in a diversified firm, are enhanced. The increasing diversity of organizational
knowledge associated with firm-level product diversification should enable a positive association with the quantity
of technological knowledge created. Cohen and Levinthal [16] note that over time firms develop capabilities to
assimilate external knowledge, i.e. capabilities that facilitate sharing externally acquired knowledge internally [5].
Our reading of the literature suggests the following hypothesis:
Hypothesis 1: Product diversification is positively related to the quantity of technological
knowledge creation in firms.
Such a relationship is further suggested in studies of scientific performance showing that diversity of knowledge
enhances scientific recognition of new knowledge, number of publications, and applied value of output [75][7], and
that newly created organizational knowledge engenders new spirals of knowledge creation [76]. The implication
appears consistent with the conceptualization of assimilation and transformation as alternative, rather than sequential
processes, where external knowledge is either readily assimilated into existing knowledge structures or eventually
transforms existing knowledge structures [18].
The literature further suggests that the relationship between product diversification and quantity of technological
knowledge created is more likely to be curvilinear than monotonic. The relatedness of diversification may shape the
relationship, as the more related a shared knowledge base, the more relevant it is for problem solving [16] and the
more it facilitates interaction between bases of knowledge, which enhances the possibility of viable combinations
and permutations [77]. So a positive relationship between product diversification and technological knowledge
created is expected to be limited by the relatedness of diversification.
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The more distant the knowledge bases, the more organizational resources are needed for coordination to create
synergies [77], and attempts to integrate many ‘islands of knowledge’ [65] are likely to encounter information
processing limits [80]. Increasing bureaucratic costs are also associated with competition between divisional
management for resources, as power relationships can moderate the transformation or assimilation of new
knowledge [18]. This literature collectively suggests:
Hypothesis 2: A positive relationship between product diversification and the quantity of
technological knowledge creation in firms will be limited to related product
diversification.
And:
Hypothesis 3: A positive relationship between related product diversification and the quantity of
technological knowledge creation in firms will diminish with increasing product
diversification.
In summary, an absorptive capacity-based perspective predicts a positive, curvilinear relationship between related
product diversification and the quantity of technological knowledge created by firms, with no effect from unrelated
diversification.
IV. Methods
Sample
Considering the centrality of the technological knowledge construct to the hypotheses, empirical support requires a
sample of firms from industries in which R&D forms a major part of how value is created. In such industries,
knowledge is often codified and measured as knowledge stocks in the form of patents [79], and firms that are active
in patenting are characterized as knowledge intensive [43]. We identify such a sample based on US patent data at
the National Bureau of Economic Research1 for the period between 1990 and 2006. These data are matched to firmlevel data drawn from Standard & Poor’s Compustat using CUSIP identifiers. To be consistent with prior studies on
diversification and innovation, firms with less than $5 million in annual sales are eliminated from the sample
[80][57].
The resulting sample for which all data were available consists of an unbalanced panel of 1,997 firm-years. At least
one patent is associated with each firm-year observation, with a mean patent count for the sample of 82.2. While
there is not a widely accepted definition of “technology-based firms”, the sample clearly represents firms that rely
on patents as an important part of their value creation processes. As such, the conclusions from this study can only
be reliably applied to such firms.
The sample represents predominantly large firms, with average sales of $6.6 billion and average assets of $7.6
billion (see Table 1). There are twenty-four 2-digit SIC industries represented in the sample. The number of
observations in each industry ranges from 9 (SICs 22 and 52) to 390 (SIC 35). More than seventy-five percent of
the sample is represented by five 2-digit SICs: 35 (390 observations), 28 (377 observations), 36 (370 observations),
38 (211 observations), and 37 (182 observations).
Measures
The dependent variable is operationalized using patent counts, as patents “correspond closely to the conceptual
abstraction of a firm’s knowledge base as a set of knowledge elements” and “the number of cited and obtained
patents provides a measure of the size of the knowledge base” [79 pg. 202]. Patents have been widely used as a
proxy measure for innovation [77][56], with recognition of limitations. As Teece [40] notes, not all patentable ideas
are patented, patents may be a component of innovation, and patents per se do not necessarily translate to
commercial value. Even so, for technology-based firms patenting is more closely associated with innovation that is

These and other related patent data through 2006 were available from Brownwyn H.Hall’s website at
http://elsa.berkeley.edu/~bhhall/bhdata.html
1
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subsequently introduced into markets [43], and this study utilizes patent counts as proxies for technological
knowledge creation.
The operationalization of quantity of technological knowledge creation is by the number of patents granted to each
firm in each year. Patenting activity varies widely among and within industries, with many firms having a few
patents and a few firms having many patents. The skewed distribution (see Table 1) is addressed first by controlling
for industry effects using dummy variables based on 2-digit SIC codes. Second, the over-dispersed (s.d.>mean)
distribution of the patent count variable (see Table 1) is accommodated by applying a negative binomial regression
model to the analysis.
Because of the amplified ambiguity of causal direction from measuring patent counts and diversification
contemporaneously, the independent variables described below are lagged behind the patent measure by two years.
Independent Variables
Product diversification is operationalized using the Jacquemin-Berry (JB) entropy measure of diversification [81]
based on 4-digit SICs in the Compustat line of business data. The advantages of the entropy measure over
alternatives include evidence of its construct validity [82], and that it provides measures of related, unrelated, and
total diversification [83]. The JB entropy measure of related diversification is based on the firm’s share of sales in
each 4-digit SIC segment within each 2-digit industry segment. The unrelated diversification measure is based on
the proportion of sales in each 2-digit segment relative to total firm sales. The calculation of the measures is given
by the formula Entropy = ∑Pj ln(1/Pj) where P is the share of sales in each segment j, weighted by ln(1/P) [43]. The
related and unrelated entropy measures were calculated for each firm-year observation, with total diversification
represented by the sum of the two component calculations.
Because nearly half the sample (933 observations, see Table 1) are firms with no diversification, the sample was
dichotomized by creating categorical variables to represent firms with no diversification, firms with related
diversification, firms with unrelated diversification, and firms with both related and unrelated diversification.
Using the distributions of related and unrelated diversification JB entropy measures for diversified firms, quartiles
for each were calculated and categorical variables created for each quartile for application in the analysis. The
extent of diversification for the purposes of this paper are labeled “limited” for the lowest quartile, “low” for the
second quartile, “high” for the third quartile, and “very high” for the top quartile, for both related and unrelated
diversification.
Control Variables
The natural log of assets as reported in Compustat is used to control for size effects. Leverage has been shown to
potentially affect innovativeness, as increasing debt levels may signal more creditor control over strategy [51], and
is operationalized as the ratio of total debt/total assets. Return on assets (ROA) is included as a control for potential
effects from firm profitability. R&D intensity is reported as R&D expense/total employees for the descriptive
statistics (see Table 1), but is not included as a control variable because of potential endogeneity issues related to
firm size, industry, and patent measures.
Year dummy variables are included in the regression estimations to control for the presence of fixed time effects,
and as previously noted, 2-digit SIC code dummy variables are included in the regression models to provide a level
of control for industry effects.
Analysis
The data are structured in a panel and call for either a fixed-effects or random-effects regression model. To
determine the suitability of a fixed-effects regression model a Hausman test of the regressions was conducted. It
tests the null hypothesis that the coefficients estimated by the more efficient random-effects estimator are the same
as the ones estimated by the more consistent fixed-effects estimator. A P value less than 0.05 suggests a fixed
effects model. The test for patent count using a negative binomial regression model produced a P>chi2 = 0.0003,
indicating a fixed-effects model.
6

© 2012 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any current or future media,
including reprinting/republishing this material for advertising or promotional purposes, creating new collective works, for resale or redistribution to
servers or lists, or reuse of any copyrighted component of this work in other works.
DOI: 10.1109/TEM.2011.2165726

The empirical tests of the hypotheses are a series of five regression models that progressively detect the association
of diversification type and extent with the measure of technological knowledge creation indicated by patent counts
(see Table 2). We first assess any statistically significant difference between diversified and undiversified firms
using the categorical variable for diversified/not diversified. A statistically significant regression coefficient for the
variable would indicate a relationship between no diversification and the patent measures, either positively or
negatively depending on the sign of the coefficient.
Retaining the diversified/not diversified categorical variable as a control measure, the two categorical variables
representing related and unrelated diversification are added to the model. Indications of a statistically significant
relationship for related, unrelated, or both types of diversification are followed by regressions substituting the four
categorical quartile variables, representing “limited” to “very high” extent of diversification, for both related and
unrelated diversification. Finally, the quartile categorical variables for each type of diversification are tested
separately, controlling for the effects of both undiversified firms and firms that are both related and unrelateddiversified.
V. Results
Table 1 provides descriptive statistics and correlations for the main variables in the study based on the unbalanced
panel of 1,997 firm-years. As mentioned, the sample is split between diversified and undiversified firms. There is a
notable difference in the mean R&D intensity measure between the two, consistent with earlier findings of a
negative association between diversification and R&D expenditures.
Insert Table 1 about here
The two components of diversification show moderately high correlations with total diversification. The
correlations for these variables in the sample of diversified firms show the expected signs, as total diversification
entropy is the sum of related and unrelated measures, while the relationship is somewhat obfuscated in the sample of
all firms by the large proportion of zero diversified firms. Moderate to moderately high correlations are also
indicated between size (ln assets) and the dependent variable, as might be expected.
Table 2 provides the results of five model regressions using patent count as the proxy measures for quantity of
technological knowledge creation.
Insert Table 2 about here
The results of Model 1 suggest that no diversification is negatively associated with quantity of technological
knowledge creation. The results of Model 2 indicate a positive relationship with related diversification and no
relationship with unrelated diversification. Model 3 indicates support for a positive relationship between quantity of
technological knowledge creation and “limited” related diversification, and no support for a relationship to unrelated
diversification when controlling for the effects of no diversification. Models 4 and 5 add a categorical control
variable for the effects of combined related and unrelated diversification on each type and extent of diversification.
Model 4 again provides support for a positive relationship with limited levels of related diversification. The results
of Model 5 provide weak indications that “very high” levels of unrelated diversification are negatively associated
with quantity of technological knowledge creation.
VI. Discussion
While earlier research asserted that innovation decreased as product diversification increased, conclusions were
generally limited to measures of R&D expenditures, which is an input to innovation rather than an output. The Mform hypothesis [53][54] provides an explanation in terms of increasingly limited ability to process information by
management as the scope of firms increased, resulting in a shift toward financial controls at the expense of strategic
controls. Because R & D expenditures have also been used as a proxy measure of absorptive capacity, there is an
implication that it is likewise compromised by increasing diversification.
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We know from the literature that this was a limited way to operationalize the innovation construct since innovation
refers to the process as well as the outputs that result from the process. Further, the absorptive capacity and related
literature, together with earlier writings that speculated on the benefits of diversification, suggest the potential of a
positive relationship.
According to an absorptive capacity view, increases in quantity of technological knowledge creation at a firm level
are enabled with increasing product diversification. This effect derives from the diversity of knowledge identified
from the external environment and internal knowledge transfers, facilitated by elements of social capital, though this
process occurs at a decreasing rate and with limitations. Prominent among the limits is the relevance of shared
knowledge, which disappears with unrelated diversification. Together with increasing transaction costs associated
with intra-firm transfers of knowledge, and increasing competition and conflict among divisions, increasing
diversification eventually implies neutral or negative effects on technological knowledge creation.
In this paper, we extend the understanding of the relationship through a more refined test by first recognizing the
difference between technological knowledge and market knowledge in absorptive capacity, by summarizing the
proposals from the literature that suggest a positive relationship between quantity of technological knowledge
creation and diversification, and by separating diversification into its related and unrelated components.
Support for Hypothesis 1, a positive relationship between diversification and quantity of technological knowledge
created, is indicated by statistically significant results of Model 1. Qualified support for Hypothesis 2, a positive
relationship between related diversification and quantity of technological knowledge creation is provided by the
results of Models 2-4, with consistent support for a relationship with “limited” related diversification. The results
support Hypothesis 3, the positive relationship diminishes with increasing diversification, though over a much
shorter range of related diversification than might have been expected. The weak negative relationship indicated
between patent counts and “very high” unrelated diversification contradicts the notion that unrelated diversification
has no association with quantity of technological knowledge creation. Any such conclusions should be tempered by
the weak statistical significance of coefficient, though the finding is consistent with the M-form hypothesis [53] and
the value appropriation motivations for diversification described earlier in this paper.
By viewing innovation and diversification from an absorptive capacity perspective, this study more closely aligns
the product diversification effects on innovation with the performance effects of diversification. While we focus on
product diversification, these findings are also consistent with the research on the geographic diversification effects
of innovation. Multinational diversification has been positively associated with innovation [84][54] based in part on
knowledge effects and the notion of diversification as both a use and source of knowledge, with similar limitations
of knowledge relevance, transaction costs, and governance costs.
The results raise a practical point about the “right” amount of diversification and how managers should think about
the optimal level of knowledge resources that can be productively exploited. To the extent that knowledge creation
in diversified firms is limited by administrative and political barriers to the transfer of knowledge between sub-units,
the implication is that knowledge-creating benefits of diversification may have as much to do with managing the
organizational contingencies as strategizing where and when to diversify. Firms may have the opportunity to
incrementally increase synergistic benefits of diversification on R&D resources through the amelioration of
organizational barriers.
Limitations
The empirical analysis of 1,997 technology-based firm-years provides qualified support for an absorptive capacity
approach, but within the limitations of sample, measures, and methodology. The sample is limited to predominantly
large US firms that were granted at least one patent during the time period, a somewhat arbitrary criterion for a
“technology-based” firm and a biased sample. As such, generalization of the findings and conclusions are limited to
large firms that engage in research and development resulting in patentable invention. The industries with fewer
observations in the sample may be under-represented in the empirical results and conclusions. We also note that
some error is present by virtue of not explicitly accounting for merger-acquisition activity during the period.
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The sample has a temporal bias, and in the measurement of diversification and patents contemporaneously. While
the methods employed in this study lag the diversification measures two years behind patent measures, we know that
technological diversification precedes product diversification [85]. Some portion of the patent measure likely
includes technological knowledge created in anticipation of diversification. This is not inconsistent with the model
described herein, as it incorporates the assertion that technological knowledge created increases the applied value of
output [19][75], and that newly created organizational knowledge engenders new spirals of knowledge creation [76].
Extant literature does not specifically address how knowledge creation processes are shaped in anticipation of
diversification opportunities, prior to recognition of diversified product revenues. Since measures of product
diversification rely on observable diversity of product revenue streams, and measures of knowledge are likewise expost, causal direction remains obfuscated. Causality in the context of diversification and innovation is discussed in
some detail in Miller [56].
The findings of the study are limited by the empirical measures employed. Measuring knowledge stocks and
knowledge creation is challenging, especially given their tacit component. We have noted the differences between
conceptualizations of innovation and technological knowledge creation using patent measures as a proxy measure.
This is a finer approach than the use of input measures like R&D intensity as a proxy for innovation or absorptive
capacity, and seems more nearly a measure of codified knowledge and R&D output. Even so, we recognize the
limitation in that only US patents have been captured, creating a potentially important bias against successful
technologies created by non-U.S. firms.
Patents are an intermediate indicator in the innovation process, and are more relevant in highly technical industries.
Commercial applicability is a criterion for patent grants, but patent grants to do not imply commercial success from
invention. We also know that many inventions are not patented, many patents are not commercialized, and patents
that are commercialized may not be financially successful [86][23]. Dell is an example of a firm in a “high-tech”
industry that does not patent extensively, and whose success is partly attributable to an un-patented marketing
innovation. Similarly, Wal-Mart is an example of a firm in a “low-tech” industry whose success is partly
attributable to its un-patented innovations in supply chain methods and processes, including the use of technology
that is patented by supplier firms (e.g. data warehousing solutions).
In the context of absorptive capacity, we note that extant literature appears to be weighted toward the front-end of
the process, as this study is. There is little development of the absorptive capacity exploitation dimension
representing market knowledge. Future research exploring exploitation dimensions and connecting the processes to
their antecedents would enable a more nearly holistic view of absorptive capacity, and perhaps engender more
practical prescriptions.
VII. Conclusion
We have synthesized the literature on organizational knowledge creation related to diversification and innovation.
Focused through an absorptive capacity lens, the literature produces three hypothetical relationships between
technological knowledge creation and product diversification that are somewhat inconsistent with earlier
conclusions regarding the relationship. The results of empirical tests of the hypotheses support a positive
relationship between limited related diversification and the quantity of technological knowledge created. Contrary
to the hypotheses, a negative association between quantity of technological knowledge created and very high levels
of unrelated diversification is suggested by the results.
The indication of a positive relationship between technological knowledge creation and related product
diversification is novel, and more closely aligns with findings regarding the relationship between diversification and
firm performance. We have empirically estimated the extent of relatedness using quartiles in the sample, and
estimations of the boundaries of relatedness of product diversification may represent a basis for future research. The
indications of a negative relationship with very high levels of unrelated diversification are unexpected in the context
of the hypotheses, but are consistent with, and may qualify, the M-form hypothesis [53]. The findings may also
support the notion that diversification beyond certain limits is value-destroying.
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This study provides support for the salience and utility of an absorptive capacity approach to firm innovation. The
results both challenge and build upon prior theory and research findings, supporting the notion that while product
diversification is associated with reduced R&D intensity, the productivity of such expenditures may increase over a
limited range of related diversification.
The results of this and other firm-level studies raise several questions in addition to those already noted. Do
particular sub-units in a diversified firm benefit through increased diversification beyond the point at which the firm
as a whole does not, i.e. at the expense of other sub-units? If so, do limits to the effective and efficient intra-firm
transfer of knowledge suggest an optimal degree of diversification? How might such an optimal degree of
diversification be related to findings of a curvilinear relationship between diversification and firm performance, and
how might an absorptive capacity view inform such a model? Finally, we wonder about the managerial implications
alluded to earlier for ameliorating such limitations or in appropriating the value from “excess” knowledge created by
increasing diversification.
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Table 1: Sample Descriptive Statistics and Regression Variable Correlations
Std Dev.
All Firms
Mean
Range
1.
2.
n=1,997
Sales ($B)
6.6
15.9
.01-169
Assets ($B)
7.6
23.3
.02-279
R&D Intensity($K)
12.7
20.6
.2-537
1. Patent Count
82.2
184.5
1-2796
1.00
2. Total Diversification.
.45
.51
0-1.78
.13
1.00
3. Related Diversification.
.30
.40
0-1.69
.12
.85
4. Unrelated Diversification.
.15
.27
0-1.26
.07
.61
5. Ln Assets
7.6
1.6
.52
.40
6. Leverage
.55
.21
.02-2.13
.16
.34
7. ROA
.05
.10
-2.11-.74
-.01
-.04
Diversified Firms
n=1,064
Sales ($B)
9.5
20.0
.11-169
Assets ($B)
11.4
30.3
.076-279
R&D Intensity($K)
7.6
10.2
.2-115
1. Patent Count
102.4
204.0
1-2796
1.00
2. Total Diversification.
.85
.38
.002-1.78
.08
1.00
3. Related Diversification.
.56
.39
0-1.69
.06
.67
4. Unrelated Diversification.
.28
.31
0-1.26
.02
.37
5. Ln Assets
8.2
1.5
4.3-12.5
.52
.19
6. Leverage
.62
.18
.06-2.13
.11
.13
7. ROA
.05
.07
-.80-.60
.01
-.03
Undiversified Firms
n=933
Sales ($B)
3.2
8.1
.011-78.5
Assets ($B)
3.3
9.2
.025-92.5
R&D Intensity($K)
18.4
27.1
.4-537
1. Patent Count
59.2
156.3
1-1872
1.00
2. Ln Assets.
6.9
1.4
3.2-11.4
.53
1.00
3. Leverage
.47
.21
.02-1.85
.16
.31
4. ROA
.06
.13
-2.11-.74
-.01
.07
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3.

4.

5.

6.

1.00
.10
.29
.23
-.04

1.00
.31
.30
-.03

1.00
.43
.04

1.00
-.32

1.00
-.44
.04
-.04
-.02

1.00
.18
.20
-.02

1.00
.37
.06

1.00
-.39

1.00
-.30
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Table 2 Negative Binomial Regression Models with lagged independent variables
1
2
3
Models
Patent
Count
(t+2)

Variables

Patent
Count
(t+2)

Patent
Count
(t+2)

4
Patent
Count
(t+2)

.19**

.21*

(.07)

(.08)

5
Patent
Count
(t+2)

.17*

Related Diversification

(.07)

Limited
Low
High
Very High
Unrelated Diversification

.06

.10

(.08)

(.09)

-.02

.02

(.09)

(.09)

-.02

.02

(.10)

(.09)

-.05
(.06)

Limited
Low
High
Very High

.04

-.07

(0.7)

(0.09)

-.04

-.13

(0.7)

(.09)

-.05

-.13

(.08)

(0.09)

-.19†

-.14
(.10)

No Diversification

-.13**

.01

-.08

(.05)

(.08)

(.09)

Rel & Unrel. Diversification
***

(.07)

(.06)

-.007

.16*

(.06)

(.07)

.36***

(.03)

(.03)

(.03)

(.03)

(.03)

Leverage

-.33*

-0.35*

-.34*

-.33*

(.14)

(0.14)

(.14)

(.14)

ROA

-.39**

-.41**

-.41**

-.40**

-.36*
(.14)
-.41**

(.13)

(.13)

(.13)

(0.13)

(0.13)

Year Dummies
Industry Dummies
Constant

2 of 7

1of 24***
2of 24†
-1.18* (0.52)

2 of 7

2 of 7

1of 24***
2of 24†
-1.28*

1of 24***
3of 24†
-1.30*

(0.52)

(0.52)

Regression Statistic Note 1
n

***

Wald chi2
Wald chi2
Wald chi2
***
***
573.13
572.51
602.19***
1,524
1,524
1,524
† p<0.10; * p<0.05; ** p<0.01; ***p<0.001
Note 1: Negative binomial regression statistics do not include an R2 value.

16

.37

***

.36

***

.37

***

-.16**

Ln Assets

***

.36

***

(0.10)

-.04

***

2 of 7***

1of 24***
2of 24†
-1.18**

1of 24***
2of 24†
-1.16*

2 of 7

(0.28)

(0.52)

Wald chi2
597.58***
1,524

Wald chi2
575.40***
1,524
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