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Abstract

Firms that are traditionally not in the scope of IT increasingly develop IT services as new business lines to create better cus-
tomer offering portfolios. The current research takes the first step to theoretically explore and empirically examine how these
firms’ diversification to IT services may affect their performance as reflected in firm value. Furthermore, these relationships
are modeled into three key interactions with firm size, firm age, and firm service intensity, to decode the differential roles of
this diversification strategy on firm shareholder welfare in the varying scenarios along with the moderators. This research
generates implications for theories such as IT and knowledge management, resource-based theories, and it provides practical

implications for business managers.
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1 Introduction

Information technology service (ITS) has captured remark-
able attention from academic researchers as well as firm
managers because ITS represents customer solutions that
are realized through information exchange, system integra-
tion, and software support, and these solutions are largely
innovation-oriented and application-embedded aiming for
optimized corporate outcomes [57, 76, 84, 100]. Within this
research domain, traditional ITS firms (e.g., Alphabet, IBM,
Microsoft, Oracle, SAP, VMware, and so on) received the
main research focus regarding their versatile IT offerings for
a wide range of target markets. However, in the past decades,
non-IT service firms have been witnessed to increasingly
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diversify into ITS market sectors. These non-ITS firms’ core
businesses may be in retailing, wholesaling, manufacturing,
and professional services that are distant from ITS. Yet, this
diversification strategy stands for one of the most important
attempts for these non-ITS firms to seek new market oppor-
tunities and secure competitive advantages in the converging
business world [69, 77, 85]. For example, Amazon diversi-
fied from online retail to various ITS lines such as enterprise
cloud computing service (AWS); Samsung manufactured
industrial and consumer products and then penetrated to
information-related service lines such as smart home solu-
tions. Also, Ricoh’s Cyber Security Service, File Analysis
Services, and eDiscovery Services, Best Buy’s IT embed-
ded Senior Care Solutions, and Fedex’s Trade Networks
and the associated e-commerce solutions for businesses
are examples of this type of ITS diversification. Non-ITS
firms, in the new era, are increasingly realizing the power
of ITS development, and they are more willing than ever to
embrace this strategic orientation due to the recognition of
the critical power of an ecosystem that allows the firm to use
mutually supportive product/service lines to create customer
loyalty [40, 117]. ITS diversification, therefore, represents
one of the key paths to the ecosystem because information-
based service is the essential instrument to create necessary
intra-links within a product family (e.g., Apple’s iCloud
services for businesses). More importantly, ITS diversifica-
tion is radically different from the traditional view of using
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IT tools within a firm to facilitate operations because ITS
diversification is largely externally-focused, represents the
firm’s full commitment to customer solutions, and creates
a new frontline that directly faces the competition in the
information product markets. This important research area,
however, has been surprisingly neglected in the extant lit-
erature. The current research is motivated by this interesting
asymmetry between the limited theoretical understanding
and the popular real-world observation regarding the critical
role of ITS diversification. We developed an empirical study
to examine if firms’ such endeavors truly produce positive
business outcomes.

Shareholder value is a main performance indicator that is
widely employed in strategic management studies in gauging
the effectiveness of firm strategies, activities, and orienta-
tions [2, 23, 33, 53]. Nonetheless, in the IT management
research streams, the explicit linkage between the IT met-
ric to shareholder value is surprisingly understudied, and
yet this linkage is of top importance to push the research
frontier in information-related firm strategies for several
notable reasons. First, information products deployment has
been recognized as a powerful means for a firm to achieve
financial returns such as profitability and cash flows [93,
98, 112], whereas its impact to the most fundamental firm
welfare, firm value, is not well-established in the literature.
This knowledge vacancy hinders further theoretical explora-
tion of IT’s function for firms. Second, for non-ITS firms,
diversifying to ITS markets can be a seemingly risky strat-
egy because firms have to develop a radically new set of
operations and skills to capture the opportunity [45, 116]. In
this sense, managers may have uncertainty without clear evi-
dence regarding the outcome of this diversification strategy.

Fig. 1 A theoretical model of
ITS diversification and firm
value

ITS
Diversification

Firm Size

H2

Third, the stakeholder view of the firm supports that share-
holder value is one of the most influential entities that affect
firm future growth potentials [1]. Thus, clarifying the link
between ITS diversification and firm value gives managers
important support for seeking external favorability. Fourth,
theorists in finance and strategic management have explicitly
indicated that shareholders assess the firm as a comprehen-
sive body and will scrutinize all functional areas of the firm
[34]. Meanwhile, IT management literature holds the notion
that IT development in a firm incurs comprehensive inter-
departmental coordination [17]. Thus, bridging these two
widely reaching constructs should yield valuable knowledge
about the essential links between firm internal operations
and external assessors. Fifth, in particular for non-ITS firms,
investors will be especially cautious about, but also inter-
ested in, a firm’s endeavors in the IT sector because the obvi-
ous co-existence of risks and returns of pursuing ITS market
penetration, and therefore checking how ITS diversification
impacts firm value gives firm managers as well as investors
solid verification for improving their decision making [76].

Given these solid motivations, we theoretically built the
relationship between ITS diversification and firm value in
the current paper. Further, we modeled this relationship
with three moderators: firm size, firm age, and firm service
intensity, to give a richer understanding of the relationship
(Fig. 1). These moderators are among the most crucial and
popularly used factors that management researchers adopt
to check the differential effects of firm strategies, and more
importantly, these factors are essential because all the firms
are necessarily different (or similar) along these dimensions
(e.g. [81, 92, 119]). We collected a large set of firm data,
9179 observations, and we used multiple robustness methods
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to estimate the data. With the careful model building and
extensive empirical studies, our research is projected to
generate several key contributions to theories and practices.
First, information has been suggested to be one pivotal firm
resource under the framework of resource-based theories
(RBT) [15, 93]. However, whether non-ITS firms seeking
market opportunities in information service market hold the
same trait is unknown because this type of research falls in a
radically new domain. Thus, our research will further clarify
how ITS diversification, as another key process that supports
firm resource building, may help the firm reap benefits. Sec-
ond, in the diversification theory, unrelated diversification is
deemed largely unfavorable due to its significant deviation
from firm’s core business areas [24]. However, the RBT sup-
ports that ITS should be a significant tool to support firms’
development [66]. Thus, our focus on ITS diversification of
non-ITS firms provides a useful way of understanding this
seeming contradiction by reconciling these two opposing
theoretical rationales. Third, information technology has
been characterized as the key firm knowledge generation
process [28]. However, this process has been more focused
on internal knowledge transfer or coordination. ITS diversi-
fication offers a fresh take that combines internal knowledge
production and external intelligence absorption towards an
effective knowledge accumulation, leading to better firm
outcomes such as firm value [103]. From this angle, our
research will also contribute to furthering the understanding
of firm knowledge management. This research is also gen-
erating several other theoretical and practical contributions
that will be discussed in the implication sections.

2 Theoretical foundations and hypotheses
development

2.1 ITS diversification and firm value

Management theorists view a firm as a collection of endow-
ments that are heterogeneous across firms [13, 108]. These
endowments include versatile firm factors such as physical
assets, intangible reputation, operational processes, mana-
gerial capabilities, and organizational experiences [49]. To
be qualified as authentic firm resources, these endowments
should meet a set of criteria: valuable, rare, inimitable, and
free of substitution (VRIN). If and only if these criteria
are met can these factors be the true resources for the firm.
The underlying rationale is that these resource traits serve
as the fundamental driver for the firm’s sustained competi-
tive advantages [14]. Within the RBT framework, a firm’s
information-based metric is examined from different angles.
For example, a firm’s ability and capacity for using informa-
tion in the firm has been linked to a number of outcomes
such as return on assets, return on sales, and profitability

(e.g. [15, 94, 118]). This stream of research agrees that IT
and its associated services are among the firm key resource
types that enable a firm to achieve competitive strengths
[108]. More importantly, information in the firms carries
important characteristics that are not shared by other firm
resource types. For example, the information-based firm
assets are becoming the major driving force for innovative
products and services [114]. Furthermore, information ser-
vices facilitate intra-firm communication and operations
and yield unparalleled efficiency gains [107]. Additionally,
information services allow firms to be more responsive to
external changes because information equips firms with a
mechanism to receive and analyze external information more
quickly [115]. These traits of information and its related ser-
vices in the firm seamlessly satisfy the notion of RBT.
Firm value reflects investors’ assessment of the firm’s
earning potential based on current asset levels. Based on the
management view of the firm, firm value pertains to one of
the most important stakeholders of the firm, i.e., the share-
holders, and it is an authentic indicator of the willingness-
to-support that firm managers are highly attentive to [96].
Therefore, finding drivers for increasing firm value is among
the key tasks of management teams. We propose that ITS
diversification should be such a driver for several important
theoretical reasons. First, the RBT indicates that firm value
increases when a firm may acquire valuable resources that
meet the VRIN criteria [14]. ITS diversification of non-ITS
firms is perfectly in line with this rationale. The penetration
to customers’ IT needs allows a firm to accumulate valu-
able knowledge stock that becomes integral to operations
[58]. These knowledge stocks not only increase the finan-
cial benefits from the augmented market scope and thus
increase firm value, but also improve firm internal efficiency
that realizes more firm value via operations cost saving and
faster responsiveness [90]. Second, ITS diversification in
non-ITS firms enables the firms to build a more complete
product portfolio in which individual product lines are inter-
nally supporting each other [27]. For instance, FedEx’s data
warehouse for small businesses creates a closer link between
the clients’ inventory management and shipping processes
and FedEx warehouse management, physical logistics, and
final delivery. This cross-product line coordination signifi-
cantly increases firm value [3]. Third, ITS diversification
has salient potentials to boost a firm’s service quality, which
is the essential factor leading to customer loyalty. Previous
research has revealed that ITS helps firms more precisely
focus on the components of customer needs and thus real-
ize overall better solutions [79]. Further, these functions
are highly valued by investors because customer loyalty
translates to stable revenue flows that increase the overall
attractiveness for investment [8]. Fourth, investors not only
favor higher financial returns but also emphasize minimiz-
ing firm risks [97]. Diversification theories support that firm
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business scope expansion is a strong factor in reducing firm
risk due to the hedging effect. This effect is stronger if the
diversification has further reach because by this strategy the
firm can more significantly reduce systematic risk [109]. In
this sense, ITS diversification will likely be favored by inves-
tors because this strategy will reduce firm risk by extending
the firm’s business coverage; additionally, ITS’s support for
firm coordination enables the firm to more effectively detect
and handle uncertainties [87]. These risk reduction effects
have been found to be robustly related to higher firm value
[59]. Fifth, apart from the firm itself, ITS diversification
builds networks that connect a number of key stakeholders
such as customers, channel members, and third-party service
providers. These networks will then build a more support-
ive environment for the firm to operate [74]. For example,
a transportation firm’s data service to clients in different
industries will allow the firm to build an extended network
that includes many different entities. In the management lit-
erature, this status of centrality in the network is highly val-
ued by investors [74]. Sixth, from the signaling perspective,
IT stands for a trendy direction that is increasingly embraced
by investors. Therefore, non-ITS firms’ creation of ITS solu-
tions to customers will strengthen the confidence of investors
and thus lead to better value assessment [30]. With these
theoretical evidence and rationales, we hypothesize:

H1 All else equal, ITS diversification will be positively
related to firm value.

2.2 Moderating effect of firm size

Firm size signifies the scale of a firm’s various assets under
the firm’s controllable domain [95]. A vast body of busi-
ness research incorporates firm size as a moderator when the
research focus is to reveal the strategy effectiveness varia-
tion (e.g. [71, 119]). Large and small firms display different
behavior patterns and face different sets of challenges and
opportunities, resulting in varying relationship strengths of
firm strategies [68]. In our research setting, the moderating
effect of firm size is of particular importance because firms
of all sizes have demonstrated interest in investing in ITS;
however, how ITS diversification may function on firm per-
formance may significantly differ. Several theoretical paths
exist in this direction that leads to the proposition that larger
firms may benefit more from ITS diversification. First, large
firms normally cover a wider business scope regarding mar-
ket types and volume [32]. Using new ITS lines may fully
utilize the heterogeneity of the market and build a more
complicated whole solution package that is less likely to
be imitated by competitors and therefore more strongly
secures the business advantages, which appeals to investors
and further raises firm value [3]. Second, large firms have
more internal strategic units and operations sections [37].
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Launching IT service lines may create a particularly needed
synergy that is otherwise difficult to realize. For example,
a cloud service will not only benefit a firm’s customers, but
also connect different functional departments toward a joint
force for best served market needs [56]. This functional-
ity of ITS diversification serves as another push for firm
value. Third, large firms tend to have extended external
connections such as people links, partners, and third-party
venders [86]. The firms’ IT solutions may further engage
these external connections into the firm’s internal operations
because of greater accessibility. This network advantage is
favored by investors [101]. Additionally, large firms may
have more hierarchies that often present hurdles to strategy
implementation and operational smoothness [95]. However,
the development process of IT product lines helps to build
more flattened organizations [19]. In this sense, launching
new information service lines tends to partially resolve the
obstacles of hierarchy, which is especially important for
large firms. Therefore, we hypothesize:

H2 ITS diversification’s positive effect will be stronger for
larger firms than for smaller firms.

2.3 Moderating effect of firm age

Firm age is another inherent firm factor that captures atten-
tion from business researchers regarding its moderating
effects on firm strategies such as management structure
and geographical expansion, and their relationships with
performance outcomes such as market volume and growth
(e.g. [20, 70, 71]). As firms age, they accumulate knowledge
assets, have richer corporate memory, and gather opera-
tions experiences [10]. Thus, firm age should exert impor-
tant interactions with ITS diversification and younger firms
should gain more benefits from this diversification strategy.
Young firms need corporate knowledge because they are in
the early stages of learning curves [113]. This status makes
younger firms particularly desire knowledge generation
instruments such as information technology [72]. ITS diver-
sification provides firms with precise and timely information
as well as business patterns that are more likely to comple-
ment young firms’ newly built management routines [21],
and thus improve competitiveness that translates to increases
in firm value. Moreover, when firms age they are more likely
to build operations inertia that is hard to alter. However,
young firms tend to absorb and apply new approaches more
easily and quickly [105]. ITS diversification performs better
for these young firms because new customer solutions can
be quickly integrated into the firms’ business functionality.
Knight & Cavusgil’s [63] research advocates that informa-
tion solutions may help firms that are looking for new ways
of doing business. Finally, young firms’ network connec-
tion is more open to new entries while old firms usually
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have stable patterns that resist changes [104]. ITS thus offers
more assistance for young firms to build links between the
firm and external entities, leading to increased attractive-
ness for investors. Firms such as Airbnb and Uber serve as
good examples of young firms that absorb new information-
based technologies, adapt to new environments, and increase
shareholder value. Therefore, we postulate:

H3 ITS diversification’s positive effect will be stronger for
younger firms than for older firms.

2.4 Moderating effect of service intensity

Information based product lines are services in their nature.
Thus, it is necessary to further examine how ITS diversifica-
tion may differentially impact firms with varying levels of
service versus manufacturing intensity. Firms range across
the spectrum from primarily service-focused to primarily
manufacturing-focused businesses. With these differences,
penetrating to ITS markets should yield different effects.
First, diversification theorists point out that expanding to
markets that have a certain distance to the core business
areas may allow the firm to generate more radical innova-
tions because the new market insights often spur a complete
reshuffle of the current management mindsets and routines
[82]. Further, given ITS diversification’s salient knowledge
generation trait, this expansion should work better for manu-
facturing firms than service firms because ITS is a service-
based solution that will likely be more complementary to
manufacturing firms [61]. For example, Samsung’s smart
home endeavors that combine manufactured physical prod-
ucts and service-based IT solutions captured the attention
of analysts as well as investors. Second, service firms have
been found to be more potent in generating financial perfor-
mance because service offers an important differentiation
vehicle due to its adaptability, flexibility, and intangibility
[4]. Conversely, manufacturing firms often lack such a capa-
bility because the physical products may be easier to decode
and imitate than intangible services [16]. Thus, the addition
of ITS may provide important support for a firm to build
more idiosyncratic offerings that are harder to be copied and
therefore protect the firm’s market advantages, leading to an
increase in firm value. For example, Seagate’s customer data
service associated with its hard drives generated stronger
support for the device sales as well as the revenue from data
usage. Investors are highly favorable to this strategic orien-
tation [9]. Furthermore, while service firms’ distribution is
often direct, manufacturing firms’ channels could be largely
indirect. Thereby, providing IT-based services to customers
may increase the power of manufacturing firms in the entire
distribution system, which eventually translates to value
addition for the firm. Thus, we postulate:

H4 ITS diversification’s positive effect will be stronger for
manufacturing-based firms than for service-based firms.

3 Empirical study methods
3.1 Data sources

We collected data from several databases including Standard
& Poor Business Segment database, Compustat Annual and
Quarterly database, and the Center for Research in Security
Prices (CRSP). These data sources are characterized with
several important strengths. First, each of the databases has a
wide and extensive usage in management and related business
research and the quality of data is ensured. Second, these data-
bases comprehensively cover the entire spectrum of industries
and allow researchers to collect a sufficiently large sample of
firms. This trait satisfactorily guarantees the external validity.
Third, collecting data items from different sources effectively
reduces threats such as common method bias. Fourth, these
data items are objective in nature and thus we can reduce the
vulnerability induced by traditional perception-based survey
measures [50]. This facet is particularly important for the cur-
rent research setting because perception of diversification,
firm value, and other firm and industry factors may be biased
depending on the respondents’ knowledge in their positions.
Thus, the objective measure approach is highly desirable. Fifth,
these databases allow researchers to have firm information over
a time span, which will more authentically capture the firm
strategies and performance that are largely long-term oriented.
The final merged non-missing dataset contains 9179 observa-
tions from 1683 firms from the years 2000 to 2015. These firms
are from all non-ITS sectors (excluding SIC 737, Information
Technology Service) such as transportation, manufacturing,
retail, wholesale, and professional services. The descriptive
information and correlations are presented in Table 1.

3.2 Measuring ITS diversification

ITS diversification reflects the degree to which a firm pen-
etrates to ITS sectors. To precisely capture this essence,
we followed Doukas and Kan’s [36] and Hann et al.’s [47]
notion of diversification that not only considers the num-
ber of ITS segments that a firm diversifies into, but also
includes the sales that a firm obtains from ITS market seg-
ments. These two dimensions are essentially inseparable
and they together form the complete view of diversifica-
tion. We obtained the dimension of number as the por-
tion of the ITS segments in all the firm’s product lines
[75]. ITS sectors are selected from SIC 737 (Information
Technology Services involving computer programming,
software development, data processing, and system inte-
gration, excluding SIC 7377: computer rental and leasing)
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Table 1 Variable means, standard deviations, and correlations

Variables
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Firm value

0.14%%%

2
3
4
5

ITS diversification

— 0,345
—0.22%%%
024
0.01

—0.26%%%
—0.12%%%
~0.01
0.00

Firm size

(0.33%%*

Firm age

—0.16%%%
—0.16%%%

0.08%**

—0.03%%*
~0.02%

Service intensity

0.03x%**

Intangible assets

0.07%%%
0.01
0.01
0.01

0.03 %
0.01

0.04%**

0.09%**

7
8

Asset growth
SG&A

0.05%

— 0,345
0,257

0.13%%*

0.15%**

— .09
0.06%**

—0.02%*
0.12%**

0.027%*

—0.16%%*
0.13%%%*

— (0.2 e
0.17%%%*
0.03%*
0.00

1.75

1.96

Leverage

—0.23%%%

— (. 145
—-0.02*

—0.05%%*
—0.13%%%

0.

— .08

10

11

Liquidity

0.05%%*

0.04%55
0.16
0.21

0.07%#%* 0.05%*%*

0.01

— (.12
0.07%#%*
12.43
291

0.05%*%*
0.01

Env. turbulence

0.18
0.15

0.04#%*
2.44
2.20

—0.03%*

0.51
1.01

—0.03%%*

0.25
1.13

-0.01

0.53
3.62

0.55
0.34

02

12

Competition intensity

0.83
0.14

2.52
0.82

0.02
0.85

Mean
SD

*p<0.1; #p <0.05; #*¥p <0.01

[55, 102]. For sales dimension, we first calculated all the
sales that a firm achieved from ITS lines and then we
scaled it by the total sales of the firm (e.g. [51, 54, 67]).
Then we generated the principal component of these two
dimensions as the measure of ITS diversification. Both
of the dimensions are highly loaded on the component
(93.3%). This type of multi-dimensional construct can be
found in a large body of diversification studies (e.g. [25,
38, 41]). Standard & Poor Business Segment database
provides a good source of information and measures of
product diversification using this database can be seen in
all business research areas (e.g. [6, 18]).

3.3 Measuring firm value

Tobin’s q is recommended by numerous previous
researches to measure firm value. It examines the firm
market value scaled by firm book value, and thus is an ade-
quate gauge for investors’ forward-looking value assess-
ment on the firm (e.g. [39, 60, 64, 106]). Using Tobin’s
q as the firm value is also particularly preferable for the
current research setting because ITS strategies are largely
long-term oriented [88], and thus a forward-looking value
measure would more authentically capture this nature.
Another advantage of Tobin’s q is that it is a unitless ratio
that is not distorted by firm factors such as firm asset vol-
ume. Chung and Pruitt [29] provided the renowned opera-
tionalization using Compustat data:

MV + PS + DEBT

Tobin's q =
obin's q A

where MV denotes firm market value (share price X number
of common stock shares outstanding); PS means the liqui-
dating value of outstanding preferred stock; DEBT indicates
the difference between the firm’s short-term liabilities and
assets; and TA is the book value of firm total assets.

3.4 Measuring moderators

Firm size is measured as the log-transformed firm asset size.
This view is shared in a vast body of business researches
(e.g. [78, 91]). To ensure the robustness, we also tested the
measure using firms’ number of employees and the results
are consistent. Firm age is measured as the number of years
that a firm is publicly listed in Compustat. A log-transfor-
mation is applied [99]. Service intensity is measured by the
portion of service line sales (SIC 4-8) in the firm’s entire
sales volume from service and manufacturing sectors [65].
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3.5 Control variables

In addition to the main effects, firm value may be explained by
other firm and industry factors and therefore it is necessary to
consider meaningful control variables. Intangible assets can be
a factor influencing investors’ valuation. Therefore, we included
this factor by using the balance sheet intangibles (adjusted by
firm asset size) [48]. We used asset growth, measured by (total
assets,, — total assets,_))/ (total assets_;)), to control for the
influence from asset volume change on investor’s choice. Firm
operations expenditures such as R&D and advertising may drive
firm value by strengthening investors’ confidence [29, 102]. We
controlled for this effect by incorporating the selling, general,
and administrative expenses (adjusted by firm asset size) [89].
A high level of debt is another important factor because it may
increase investors’ uncertainty. We controlled for this effect and
used leverage, as measured by the long-term debt/total assets
[5]. Also, we introduced dividend pay measured as a dummy
variable indicating whether a firm pays a dividend in a certain
year. We also included liquidity, measured as the ratio between
current assets and liability [22], because shareholders empha-
size the status of liquidity. To control for external environmental
influences, we introduced two factors: turbulence and competi-
tion. Environmental turbulence is measured following Keats and
Hitt’s [62] method that reflects the business volume change in
each industry over the five-year period, and competition inten-
sity is based on the Herfindahl-Hirschman Index (1- HHI) [43].
Because the dataset ranges multiple years, we also included a set
of time dummy variables to control for time related differences.

3.6 Estimation methods

The empirical model is specified as:

Firm Value,, ., = f, + p; X ITS Diversification;,
+ p, X ITS Diversification;, X Firm Size;,
+ p3 X ITS Diversification;, X Firm Age;,
+ p, X ITS Diversification;, X Service Intensity;,
+ fs X Firm Size,,
+ B X FirmAge,,
+ fg X Service Intensity;,
+ fg X Intangible Assets;
+ fo X Asset Growth,,
+ f1; X SG&A,,
+ i, X Leverage;,
+ f3 X Dividend Pay;,
+ 4 X Liquidity;,
+ Bi5 X Envionmental Turbulence;,
+ P16 X Competition Intensity,

+ Time Dummy Variables + €,

in which i denotes firms, j denotes industries, and t is the
time period (years). We used the lagged firm value for sev-
eral crucial reasons. It has been well supported that a lagged
dependent variable may minimize the problem of reverse
causality. More importantly, this model formulation may
effectively reduce the concern of endogeneity that may be
induced by the simultaneity of the variables [11]. Further,
the lagged firm value captures the real business scenario in
which firm strategies may take time to generate effects and
hence a lagged outcome variable better reflects this nature.
Along with the dependent variable setting, the entire model
construction also carries a number of key strengths. First,
the three carefully selected moderators not only capture the
interactions with ITS diversification, but also serve as useful
control variables that may explain the variance of firm value.
Second, the control variable list comprehensively covers
multi-facets and multi-layers of the firm. For example, size
and age control the inherent nature of the firm; service inten-
sity captures the business orientation, intangible assets, asset
growth, and liquidity reflect the firms’ endowment strengths;
SG&A, leverage, and dividend control the firms’ strategic
deployment of financial flows; the industry characteristics
are controlled by environmental turbulence and competition
intensity. Additionally, the time effects are captured by time
dummy variables. This comprehensive set of variables in the
main model also helps to reduce the concern of endogeneity
that may be caused by omitted variables.

Due to the panel data structure of the dataset, special
concerns arise because each firm may have multiple years’
data points that cause autocorrelation. Further, the large
set of firm data from different industries may raise concern
of heterscedasticity because some sub-groups of firms may
systematically and unproportionally explain the variance
of firm value. To address these special traits of the dataset,
we carefully selected two robust analysis methods. First,
we used a robust regression that produces White standard
errors [111] and meanwhile we clustered the errors by firm
to address autocorrelation [26]. Second, we used Driscoll-
Kraay robust regression to ensure the results were consist-
ent across model estimation methods [35]. Both methods
are widely found in business literature for their appropri-
ateness in panel data analysis (e.g. [80, 83]).

4 Analysis results

For this moderator embedded formulation, we adopted
a stepwise analysis approach (Table 2 shows the results).
We first examined only the control variables, and then
added main effects and last the moderating effects. Dur-
ing the incremental model building, no significant incon-
sistency was observed. We conducted partial F tests and
found that the addition of explanatory power for each step
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was significant (from control model to main effect model:
F=26.57, p<0.01; from main effect model to full model:
F=3.170, p<0.01). Also, we examined the variance infla-
tion factors (VIFs) and found that no single VIF was greater
than the threshold of 10, which signifies that multi-collin-
earity is not a concern for these models. To further ensure
the model was free of endogeneity concerns, we performed
a Durbin—Wu—Hausman test and found no such concerns.
In the control variables, asset growth significantly and posi-
tively relates to firm value. This is in line with the previous

Table 2 Analytical results of ITS diversification and firm value

work that confirmed the asset driven valuation [31]. SG&A
is found to positively drive firm value. This echoes Banker
et al.’s [12] research that illustrates how firm R&D, mar-
keting, and related investments help firms gain competitive
advantages that secure firm value. Leverage is negatively
related to firm value, which matches a vast body of finance
literature that firm borrowing may raise investors’ insecurity
and thus negatively affect firm value (e.g. [5]). Dividend pay
and liquidity increase firm value, which is well documented

Controls®
Coeff. (t value)

Controls and main effects®

Coeff. (t value)

Full model 1*
Coeff. (t value)

Full model 2"
Coeff. (t value)

ITS diversification

ITS diversification X firm size

ITS diversification X firm age

ITS diversification X service intensity

Firm size

Firm age

Service intensity

Intangible assets —0.003
(=0.20)
Asset growth 0.061%**
(3.48)
SG&A 0.123 %%
(5.82)
Leverage —0.187%**
(=9.65)
Dividend pay —0.025
(—1.42)
Liquidity 0.125%%*
(6.30)
Environment turbulence 0.006
(0.38)
Competition intensity 0.010
(0.54)
Time dummy variables Included
R-squared 0.101
Partial F -
# of observations 9179

0.036%* 0.051%%** 0.051%**
(2.26) (2.99) (8.51)
0.060%** 0.060%**
2.74) (6.78)
—0.033* —0.033%*
(=1.94) (—2.23)
-0.024 —0.024**
(-1.21) (=2.27)
—0.211%#** —0.2]15%** —0.215%**
(—8.05) (—8.32) (—13.15)
—0.031* —0.035% —0.035%**
(-1.74) (—1.88) (—3.13)
-0.020 —0.030 —0.030%**
(-1.14) (—1.56) (—2.64)
—0.009 —0.009 —0.009
(—0.60) (—0.60) (—1.08)
0.061%** 0.059%%** 0.059%%*
(3.49) (3.44) (2.05)
0.061%** 0.061%** 0.061%**
(2.78) (2.76) (3.63)
—0.146%** —0.143%** —0.143%**
(—17.96) (—17.80) (—16.15)
0.056%*%* 0.060%** 0.060%**
(2.96) (3.22) (8.72)
0.126%%%* 0.118%** 0.118%**
(6.44) (5.94) (6.34)
—0.008 —0.008 —0.008
(—0.50) (—0.55) (—0.68)
0.023 0.021 0.021%*%*
(1.29) (1.18) (3.30)
Included Included Included
0.161 0.182 0.182
26.571%** 3.170%* 3.170%%*
9179 9179 9179

*p <0.1; **p <0.05; ***p <0.01; all the variance inflation factors are lower than 10

*Model with robust regression with Huber—White and clustered (by firms) standard errors (heteroscedasticity- and autocorrelation-consistent)

"Model with robust regression with Driscoll-Kraay standard errors (heteroscedasticity- and autocorrelation-consistent)
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in the literature, and these effects are evidently captured in
our finding [42].

Our first hypothesis (H1) states that ITS diversification
will positively drive firm value. This hypothesis is strongly
supported (f=0.051, p <0.01). This finding is meaningful in
several directions. First, recall that the measure of ITS diver-
sification is a composite score of ITS diversification breadth
as well as depth. Both are highly loaded on this measure.
Therefore, the driving power for firm value is essentially
from both dimensions. Traditional exploration in diversi-
fication often skews toward the scope of firm business, but
our research shows that the market depth as reflected by
the sales intensity of a new product line may be equally
important. Second, firm value is the observable measure of
investors’ perspectives about a firm’s future earning capabil-
ity and thus is a forward-looking indicator. The significant
power of ITS diversification on firm value thus reflects the
confidence of investors embedded with a long-term willing-
ness-to-support this firm strategy. Traditional performance
measures in information related business studies primarily
focus on factors that are largely backward-looking (e.g.,
profitability, revenues), and thus our incorporation of firm
value completes the understanding of the performance impli-
cation along the time-embedded firm performance. Third,
our dataset comprises non-ITS firms from different sectors

Fig.2 Moderating role of firm
size on ITS diversification and High
firm value
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and thus the significant relationship between ITS diversifica-
tion and firm value is confirmed to be prevailing in all these
firm types. Fourth, our large sample size also contributes to
the external validity regarding this relationship. Fifth, the
clustered standard error for the panel data generates a fixed
effect that examines the firm data over 15 years in a com-
prehensive way. This way avoids using single time points
that run the risk of yielding time-sensitive patterns. In this
sense, this finding’s validity along the timeline is enhanced.

The H2 postulates that firm size will positively moderate
the relationship between ITS diversification and firm value.
This hypothesis is strongly supported (f=0.060, p <0.01).
To further illustrate the moderating, we graphed it into
Fig. 2. The result shows that for larger firms, ITS diversifi-
cation will increase firm value. In this scenario, an increase
of ITS diversification by one standard deviation will have
an increase of firm value by 0.112 standard deviation. But
for smaller firms, this increase is marginal. This finding is
logical in that large firms are more likely possess resources
needed for expansion and thus penetrating to ITS product
sectors is desirable for investors due to the resource support.
Smaller firms, however, may not only lack resources but
also have an experience shortage and thus cannot sufficiently
obtain the benefits of diversification. This finding is also in
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line with previous researches (e.g. [7]) that reveal large firms
enjoy advantages in new product development.

Our H3 depicts the moderating effects of firm age. This
relationship is also supported (B=—0.033, p<0. 1) and is
graphically presented in Fig. 3. It is evident that ITS diver-
sification is more beneficial for young firms than old firms.
For young firms, an increase of ITS diversification by one
standard deviation will result in an increase of firm value by
0.084 standard deviation. It is commonly observed that newly
emerged firms quickly adopt IT product lines and these strate-
gies are warmly embraced by investors. Our research is the first
to theoretically develop and empirically test this relationship.
Flatten et al. [44] illustrate how young firms quickly absorb
external insights and translate them into corporate coping strat-
egies. From the angle of IT market exploration, our research
reveals similar rationales. Older firms’ ITS diversification
may encounter obstacles from the rigidity of the established
routines and mentality and therefore cannot fully harvest
the advantages of ITS expansion. This finding also demon-
strates that investors are attentive to firm age when IT product
development is considered. For one thing, they are willing to
observe that newly emerged firms actively experiment with
new product offerings and market reaction. For another thing,

investors are aware of the contribution of ITS lines. When
these two aspects are combined, investors’ value assessment
for young firms’ ITS diversification becomes stronger. For
older firms, although ITS penetration is desirable, investors
may be concerned about the trade-off between the long-held
core business lines and the new IT services. Therefore, uncer-
tainty about the unrelated diversification may matter more for
older firms than young firms, which are more willing to try
out new options.

4.1 Additional studies

Viewing firms’ performance from a shareholder value stand-
point has primarily focused on returns. Scholars are increas-
ing realizing that firm risk is another integral dimension that
reflects shareholders’ gains because high firm risk undermines
investors’ confidence about firm value [110]. To further enrich
the understanding of ITS diversification on the complete ver-
sion of firm value, we formulated a model examining its
impact on firm idiosyncratic risk, which is deemed most sen-
sitive to firm-specific strategic options and received special
attention from management and finance researchers [46, 52].
The model is specified as:

Fig.3 Moderating role of firm
age on ITS diversification and Hi -
firm value gh —&— Older Firms
- & - Younger Firms
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Table 3 Analytical results of ITS diversification and firm risk
Controls® Controls and main effects® Full model 1* Full model 2"

Coeff. (t value)

Coeff. (t value)

Coeff. (t value)

Coeft. (t value)

ITS diversification

ITS diversification X firm size

ITS diversification X firm age

ITS diversification X service intensity

Firm size

Firm age

Service intensity

Intangible assets 0.033%**
(3.02)
Asset growth —0.004
(—=0.35)
SG&A 0.164%%*
(12.97)
Leverage -0.018
(—0.90)
Dividend pay —0.110%**
(—4.90)
Liquidity —0.142%%*
(—=7.36)
Environment turbulence 0.022
(1.28)
Competition intensity —0.042%
(—1.95)
Time dummy variables Included
R-squared 0.126
Partial F -
# of observations 8783

—0.058***
(—2.93)

—0.579%#*
(—23.88)
-0.016
(=0.76)
—0.001
(—0.04)
0.017
(1.61)
0.004
(0.39)
0.019*
(1.82)
0.072%%:%*
(4.23)
—0.048*#*
(=2.59)
—0.113%%*
(=7.27)
—0.002
(=0.17)
0.002
(0.09)
Included
0.340
26.57%%*
8783

—0.086%**
(—3.85)
—0.050%*
(=2.09)
0.049%*
(2.39)
0.054%:%*
(2.68)
—0.576%**
(—23.29)
-0.010
(—0.47)
0.017
(0.85)
0.017
(1.63)
0.005
0.51)
0.021%*
(2.03)
0.068*#*
(3.96)
—0.045%*
(=2.35)
—0.104%:*
(-6.97)
—0.001
(—0.05)
0.006
(0.32)
Included
0.357

4. 14k
8783

—0.086%**
(=7.31)
—0.050%*
(=7.04)
0.049%#*
(3.87)
0.054 %3
(5.54)
—0.576%**
(—26.73)
-0.010
(—0.49)
0.017%#*
(2.91)
0.017*
(1.94)
0.005
(0.62)
0.02]%#:**
(3.79)
0.068*#*
(7.43)
—0.045%**
(—6.22)
—0.104%**
(—16.10)
—0.001
(—0.08)
0.006
(0.39)
Included
0.357

4. 14%3%%
8783

“p<0.1; *¥p <0.05; **%p <0.01; all the variance inflation factors are lower than 10

#Model with robust regression with Huber—White and clustered (by firms) standard errors (heteroscedasticity- and autocorrelation-consistent)

"Model with robust regression with Driscoll-Kraay standard errors (heteroscedasticity- and autocorrelation-consistent)
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Firm Idiosyncratic Risk; | = By + p; X ITS Diversification;,

+ f, X ITS Diversification;, X Firm Size;,
+ p; X ITS Diversification;, X Firm Age;,

+ p, X ITS Diversification;, X Service Intensity;,

+ Bs X Firm Size;,

+ fs X FirmAge,,

+ fg X Service Intensity;,
+ fy X Intangible Assets;,
+ f9 X Asset Growth;,

+ P11 X SG&A;,

+ f, X Leverage;,

+ f13 X Dividend Pay;,

+ p14 X Liquidity;,

+ f5 X Envionmental Turbulence;,

+ B X Competition Intensity;,

+ Time Dummy Variables + ,,

]

We employed the popular four-factor model to measure
firm risk [73], and we included the same set of moderators.
The stepwise model building and partial F-tests and VIF
tests show no concerns of inconsistent control variables as
well as multi-collinearity. The main results are presented
in Table 3. ITS diversification is found to have a significant
negative relationship on firm risk (=-0.086, p <0.01), and
this relationship varies in the presence of all the three mod-
erators. These relationships are graphically shown in Figs. 4,
5, and 6. In particular, the risk reduction effect of ITS

diversification is stronger for larger firms, younger firms, and
manufacturing firms. These findings in the additional study
further confirm our theory building from another important
angle of shareholders.

Another interesting finding is that service intensity has
a significant interaction with ITS diversification in the
risk model (p=0.054, p <0.01), but it is insignificant in
the firm value model. This means that ITS diversification
plays equivalent roles for both service and manufactur-
ing firms regarding contributing to firm value (return)

Fig.4 Moderating role of firm
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increase. However, expanding to the IT service sector does
help manufacturing firms more when firm-specific finan-
cial risk is considered. This reveals an important finding in
line with the theoretical reasoning in our H4. ITS lines are
service products and they complement physical product
lines to constitute a better market offering composition
that hedges the firm from risk. Idiosyncratic risk is defined
as uncertainties that originate from firm-specific vulner-
abilities. The significant moderating role of ITS diversifi-
cation thus provides solid evidence showing its supporting

ITS Diversification

roles in remedying firms’, and especially manufacturing
firms’, weaknesses, leading to better risk reduction.

4.2 Sensitivity analysis

A series of sensitivity studies were taken to ensure the
robustness of the findings. As mentioned above, we chose
two robust regressions to make sure the results were robust
against the method choice. Further, we chose different meas-
ure methods for the key variables. For example, we tried

Fig. 6 Moderating role of firm
service intensity on ITS diversi- High
fication and firm risk = —8—High Service Intensity
— & —Low Service Intensity
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firm size as measured by number of employees and achieved
consistent results. We also used working capital and retained
earnings to replace SG&A to account for the resource abun-
dance, the results stay consistent. For ITS diversification, we
used a three-digit SIC market segment definition in addition
to the four-digit SIC definition and we found the results were
consistent. For the environmental factors, we also tried to
measure industries by using a broader version (three-digit
SICs) rather than a concentrated version (four-digit SICs),
and further we included a set of industry dummy variables.
The findings and inferences were largely unchanged.

5 Theoretical implications

This set of research findings shed light on several main-
stream theory fields. First of all, ITS’s role in a firm has been
mainly defined within the boundary of technologies although
its impact has a far reach in a firm’s business domains. Our
research echoes this need and provides evidence of ITS’s
effects on increasing firm shareholder value as reflected
by higher firm value along with lower firm risk. This view
of ITS generates insights for the IT management literature
in two important aspects. On one side, the notion of IT
in the literature is primarily conceptualized as functional
assets such as information capacity. This conceptualization
neglects that firms are also exploring market opportuni-
ties by providing the whole package of information-based
solutions to customers. This broader view of ITS should
receive more emphasis because it represents the full commit-
ment of a firm’s market orientation. On the other side, ITS
diversification’s impact on firm value and risk gives future
researchers more options when they scan effective drivers
for shareholder value. In all business fields, the link between
technological departments and other functional areas has
been recognized. However, the ITS diversification repre-
sents the integration of multiple functional areas includ-
ing technology and management, and thus the established
evidence between ITS diversification and shareholder value
enables researchers to think in a more comprehensive way,
by viewing firm in-house product development capability
from a market-oriented perspective. This viewpoint allows
researchers to establish better frameworks to understand the
essential driving factors leading to increased shareholder
value.

Our research results also yielded implications for the
RBT. Traditional resource-oriented researches pertaining
to information technology in the firm limit their scope in
firms’ capability of acquiring valuable IT resources such as
a technological base and human capital. This view neglects
the fact that information resources’ superiority cannot be
fully realized without considering their market functions.
ITS diversification pinpoints this rationale in that it expands

@ Springer

the firm’s market exploration by organizing its information
resources into concrete market solutions. This view consti-
tutes a complete path of firm IT resource usage in a chain
effect: IT resource acquisition—market definition—product
creation—market solution—shareholder value realization.
With this view, the RBT-related IT research should have
a more complete picture of firms’ utilization of this key
resource type, which has a far broader reach than previ-
ously thought. More importantly, the entire process of ITS
diversification is in line with the conceptualization of firm
capability building, which denotes that the firm’s competi-
tive edge originates from its ability to deploy assets toward
better customer solutions. ITS diversification is the result
of the process in which the firm translates its information
endowments into market solutions and thus embeds the
firm’s capability from both technology and marketing sides.
This integration serves as the strongest push for firm perfor-
mance. Our research in this regard provides evidence about
the importance of firm capability from the angle of capabil-
ity integration and synergy.

Our findings also contribute positively to the knowledge-
based view of the firm. Previous thinking about the role
of IT in firm knowledge acquisition is largely focused on
how IT, as an information instrument, helps the firm gather
intelligence. However, this view ignores another important
way in which firms may actively seek penetrating into new
territories via launching new ITS product lines. The infor-
mation collected from this channel is fundamentally differ-
ent from the traditional knowledge accumulation because
ITS diversification comprehensively integrates the customer
problems and corporate offerings, and thus creates a unique
set of solutions that will add to the firm’s knowledge basis.
From another angle, knowledge management literature has
put its primary focus on the firms’ business activities in their
core functional directions. However, a firm’s radically new
endeavors in seemingly unrelated market explorations may
yield very positive results. Our empirical findings confirm
this rationale using a large sample of non-ITS firms.

The findings of ITS diversification on both firm return
and risk further enrich the current knowledge set on firm
diversification from several important angles. Foremost, tra-
ditional thinking about unrelated diversification largely leans
towards the negative or neutral effects because penetrating
into unrelated business areas naturally incurs uncertainties
in a competition-intensive era in which firms are focus-
ing more on deepening their strengths rather than stepping
into unfamiliar territory. This view, however, has a salient
exception when ITS diversification is involved. Our results
show that non-ITS firms may surely benefit from this type
of diversification due to several special traits of information
product lines and diversification’s supporting functionality
for a firm’s overall strength. Second, in the current literature,
studies of diversification often focus on either firm return or
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risk, and rarely comprehensively and simultaneously inves-
tigate these two sides. Yet, this type of formulation is crucial
because firms will inevitably consider both financial gains
and uncertainties in order to truly gauge the effectiveness of
strategic movements. Our research thus paves the road for
future researchers who look for the broader version of the
impact of firm diversifications. Furthermore, our research
suggests to the diversification researchers in that this con-
struct cannot be over-generalized regarding the performance
implication. Our results show that ITS diversification yields
differential strengths when several key moderators are intro-
duced. In this sense, market diversification is expected to be
a dynamic factor that displays a salient contingency-based
nature that deserves future researchers’ consideration.
Further, our research also yields implications for service
management theories regarding traditional non-ITS firms,
which primarily place their emphasis on enhancing metrics
such as service quality by increasing, managing, and opti-
mizing the resource inputs into the touchpoints between the
firm and customers, and focusing much less on other firm
strategies such as diversification. This viewpoint is under-
standable because diversification may incur heterogeneous
ways of doing business and thus compromise the depth of
service encounters, leading to undesirable business per-
formance. However, our research results demonstrate that
diversifying to ITS may be a special case that allows firms to
enhance their market performance including return increase
and risk reduction. The findings in this area generate at least
two important points. First, firm diversification strategies
may have a more complicated mechanism than previously
found in the business field and researchers need to build
more scenario-based studies. Second, researchers should
decode the nature of ITS into a combination of informa-
tion technology and services, in which there should be an
interesting inter-link between these two important aspects
that have been largely separated in the literature. A further
examination of this combination should be highly reward-
ing given the trendy movement by firms of all types toward
information-intensive business orientations.

6 Practical implications

In practice, our research generates a number of useful
implications. In the information era, non-ITS firms often
encounter puzzling decisions regarding whether to embrace
ITS in their product portfolio. For one thing, the broadly
shared impression about ITS’s positive roles drives manag-
ers to consider diversification but the unrelated diversifi-
cation that may be dissimilar from their current business
lines may hinder their ambitions. For another, diversifying
to ITS sectors demands significant resource deployment and
commitment, which may likely distract from the firm’s main

business focus. However, from our research we observed
the overall strengths of exploring ITS solutions. Many firms
have successfully demonstrated the contributions of newly
established ITS lines. Our research then uses a large dataset
to confirm that these examples are prevailing in non-ITS
firms seeking customer solutions.

Our empirical results also give firm managers a useful
indication about how to further account for sharehold-
ers’ expectations by actively exploring ITS lines and their
embedded new and efficient ways to serve the firms’ mar-
kets. Traditionally, non-ITS firms’ managers’ horizon about
IT’s role has been largely limited to the usage of IT in their
firms’ operations. However, managers neglect the fact that
when all firms launch similar IT, the competitive edge dis-
appears due to the technological parity. ITS diversification,
however, moves beyond the traditional role of information
technology in the firms and represents the firm’s strengths
in solving customers’ problems/needs in a way that can
integrate all the firm’s product lines into an ecosystem that
wins the market. Also, this type of strength is more sustain-
able because the firm can use information-based products
to enable a distinctive solution set for customers and cre-
ate significant differentiation effects, which translate to firm
shareholder value.

The strong effect of ITS on firm idiosyncratic risk yields
similar notions showing the nature of this firm strategy.
Managers are increasingly aware of the importance of risk
management in the information era, which enables stake-
holders such as shareholders and customers to quickly assess
the firm’s overall potential in the financial and consumer
markets. Uncertainties resting on the stakeholders’ assess-
ment may cause profoundly negative impacts on the firm’s
future financial stability. In this regard, ITS may be one of
the satisfactory options that allows managers to cope with
risks. By aggressively pursuing I'TS diversification, a firm is
likely to reinforce its original business lines with the support
of the ITS lines and improve financial performance. This
supporting function of ITS that assures investors has been
reflected in the empirical results of the current research.

The simultaneous presence of the firm value improvement
and firm risk reduction reveals another interesting aspect
of ITS. Firm managers are familiar with the commonly
accepted notion of the risk-reward equation in that higher
return may be automatically concurrent with higher risk and
therefore there is always a subtle balance and dilemma in
swinging between high return-high risk and low return-low
risk. However, our research results show that pursuing ITS
diversification may be an effective means that allows man-
agers to simultaneously gain high return and low risk. This
desirable trait of ITS deserves more attention in the business
area, especially for non-ITS firms that previously refrained
from actively engaging in ITS.
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In addition, the varying relationship strengths between
ITS diversification and value/risk produce practical guide-
lines for managers to pursue ITS diversification. For exam-
ple, younger and larger firms should be particularly attentive
to ITS diversification because these new but fast-growing
firms need the strength of IT services to create competitive
barriers that will be otherwise easier to neutralize by the
incumbent firms. These findings illustrate the special impli-
cations for specific firm types.

Our research also produces implications for a wide
range of other firm internal and external stakeholders. For
example, non-ITS firms are often opted to direct their R&D
expenditures to their core business areas. However, our
research shows that increasing the focus on developing ITS
solutions may produce attractive results as reflected by firm
value increase. For marketing department of non-ITS firm,
our research is also helpful because the results essentially
demonstrate how firms may create innovative customer
solutions by actively deploying ITS and therefore obtain
the favorability from shareholders. For external stakehold-
ers, our research provides implications for firm stakeholders
such as strategic partners. These partners should realize the
power of ITS diversification of the firm and seek meaningful
adaptation to achieve better realization of the cooperation.
This type of cooperation is especially critical when ITS is
involved because information sharing, operations optimiz-
ing, and competition sensing can be improved due to the
integration of this type of diversification.

7 Concluding remarks

The fast-growing trend of incorporating IT spurs academic
researchers to seek precise understanding of how this emerg-
ing technological competency may assist firms to realize
business performance, but a significant gap exists in the the-
ory regarding the non-ITS firms’ expansion into IT service
sectors. Yet in business practice these firms are very tenta-
tive when it comes to new opportunities and embracing and
experimenting with IT customer solutions. The exploration
of our research gives a scenario-based (moderation) relation-
ship pattern illustrating ITS diversification’s dynamic effects
on firm value and risk. The empirical evidence in our study
shows that investors highly value such a corporate move
into IT sectors and they assign significant weight to this
strategy. A deeper meaning in these findings is that there is
an avenue for the firm that embraces IT to actively consider
the combination of technology and customer needs because
of their complementary functions.
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