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A B S T R A C T

The purpose of this paper is to present an adaptive performance model using neural networks in scrutinizing the
impact of strategic factors on firm performance, especially within high-tech oriented small and medium-sized
enterprises (SMEs) in the United States. This paper explores generalized learning of backpropagation neural
network (BPNN) in conducting an explanatory and predictive analysis of the strategic determinants of the
market value of SMEs. The progressive performance model through BPNN is designed to capture the different
and unique significance of strategic determinants for better firm performance by dividing high-tech segments
into two performance groups: high performers and low performers. In doing so, this paper introduces a salient
BPNN approach for performance modeling and extends the applications of BPNN. Furthermore, efficiency
measurement and performance prediction using BPNN adds meaningful value to the literature and highlights
the potential advantages of using BPNN. The empirical results demonstrate the successful implementation of
the model and clearly distinguish varying patterns at different performance levels, High and Low, which is a
significant finding of this study. Overall, sales growth, R &D intensity, and current ratio can be used as major
strategic determinants of market value performance of the technology-oriented SMEs.

1. Introduction

In a time of increased global competition and economic recession,
firms are now more than ever facing the challenge of employing
business strategies that may be conducive to their strategic competitive
advantages. The role of small and medium enterprises (SMEs) in
national economies is increasing, and SMEs' social impact and
contributions to the overall industry are significant from the perspec-
tives of employment, wealth creation, innovation, and entrepreneurial
leadership. SMEs, as compared to large enterprises, are more stringent
in their business performance due to lack of capital and versatile
resources. As a consequence, SMEs, especially in the technology
oriented industry, strive to minimize slack in their operations. In other
words, these SMEs are more conscious of their efficient and effective
utilization of limited resources for successful business outcomes
(Blackwell et al., 2006; Hsu et al., 2011). In this regard, understanding
of key strategic factors and their impact on a firm’s performance is
crucial in the decision making process by academicians and practi-
tioners alike, both for short-term profitability and long-term sustain-
ability.

The progressive exploration of a firm’s competitive strategic

determinants for firm performance has become one of the most
ongoing topical issues in business and management research. Since
market value performance through shareholders’ equity-based finance
for SMEs is critical to the fostering of the companies’ survival and
growth (Galbraith and Stiles, 1983; Nassr and Wehinger, 2015), it is
necessary to identify competitive and distinctive strategic factors in
determining market value across different business contexts. But it is
not a simple matter to identify the key strategic factors that may
significantly affect a firm’s market performance, particularly in SMEs.
Although issues may still exist with regard to the strategic determinants
of market value, a majority of past studies have been centered on the
unique aspect of business strategies of large corporations. Very little
attention, until recently, has been paid to the more diverse aspects of
strategic determinants of firm performance for SMEs. Therefore, it is
questionable whether the traditional notion of the strategic paradigm
that might exist in large corporations may be applied to the technology-
oriented SMEs.

As such, the prospective findings will be noteworthy because they
will identify the strategic resource factors that lead to building up more
competitive power in given economic contexts, and further provide
SMEs with a new paradigm of strategic development and its implica-
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tion. It is the conventional notion in today's competitive market that
SMEs strive to improve their strategic capabilities and to attain or
sustain their competitive market power through diverse driving forces.
These forces are mainly R &D-based technology capability (Lee and
Habte-Giorgis, 2004; Ito and Pucik, 1993; Zhao and Zou, 2002), sales-
based managerial advancement (Guner et al., 2007), return-based
financial profit, and cash-based financial strength (Sandner and
Block, 2011), credit-based marketing promotion (Guner et al., 2007),
and inventory-based lean management (Liberman and Demeester,
1999; Roh and Lee, 2013). More importantly, the enhanced technology
strength and capability through more aggressive R &D investment
provide the opportunity for companies to improve their market value of
equity and increase returns to investors (Chan et al., 1990; Chauvin
and Hershey, 1993; Nephilim et al., 2012).

Nonetheless, very few studies have empirically examined the
strategic significance of the aforementioned factors for a firm’s market
value. Accordingly, no previous studies have attempted to further
explore the differential impact patterns of strategic factors on overall
firm efficiency, particularly with respect to varying performance levels.
It is expected that capturing performance profiles of high and low
performers and their contrasting impact patterns will enhance our
understanding of the influence that key strategic factors have on
market value and provide meaningful managerial insights. While high
performers can reinforce their efforts in managing key strategic factors
for sustainable operations, decision makers in low-performing firms
should identify key factors that have to be acted upon in order to
advance to the level of their high-performing target peers. Indeed,
prudent performance management is a crucial managerial imperative
not only for short-term profitability, but also for long-term sustainable
operations, regardless of different firm sizes and industry contexts.
Thus, firms are facing the challenge of employing business strategies
that may be conducive to their strategic competitive advantages.

The main question addressed in this study starts with, ‘How do
conventional key strategic components (return on assets, R &D in-
tensity, current ratio, sales growth, inventory turnover, and average
collection period) influence a firm’s market value in the high-tech
oriented SMEs?’ particularly using progressive performance modeling.
This study attempts: (1) to examine the strategic significance and effect
of selected explanatory factors on a firm’s market performance in a
traditional manner; (2) to determine differential performance patterns
(i.e., high vs. low performers) based on overall efficiency through
predictive segmentation modeling; and (3) to explore strategic deter-
minants on the basis of the different performance level of firms through
progressive performance modeling. This study also attempts to explore
any potential possibility of performance improvement for lower
performers given their current level of resources commitment.

In addressing these research initiatives, among others, this study
employs backpropagation neural network (BPNN) as a methodological
basis for conducting a multitude of explanatory and predictive ana-
lyses. With its computational paradigm rooted in the biological neural
system, BPNN has its strength in nonlinear functional approximations
and is capable of learning a central tendency from limited information
even in a changing environment. Indeed, the adaptive and generalized
learning property inherent in BPNN provides the sound methodologi-
cal approach that is required for this unique empirical model, in
contrast to conventional statistical methods (e.g., multiple regression)
and popular frontier approaches (e.g., data envelopment analysis).
Neither of these two methods as a batch processing model is capable of
accommodating unseen patterns under changing scenarios due to
parametric constraints and deficiency of predictive capacity (Ciampi
and Gordini, 2013; Garengo et al., 2005; Hu et al., 1999; Lam, 2004;
Rumelhart et al., 1986).

Keeping in mind the very sparse previous studies and the lack of a
clear theoretical basis regarding the interrelationships of strategic
factors in SMEs, this explorative study provides researchers as well
as practitioners with a distinct empirical model for progressive analysis

to build a basis for prospective future endeavors. Accordingly, apart
from its contributions to laying out a theoretical foundation on market
value performance and providing insights into managerial implica-
tions, the proposed methodology adds meaningful value to the existing
literature. Needless to say, the major findings of this study will be of
great significance because they not only discover distinctive strategic
factors that are conducive to market performance, but they are also
beneficial to top managers who wish to make a better decision to utilize
limited resources under competitive market conditions, particularly
among SMEs. The remainder of this paper is organized as follows.
Section 2 presents a brief introduction to the theoretical significance of
the market value of firms and selected strategic variables (exogenous
variables) with respect to primary business functions such as finance/
accounting, operations, and marketing. Section 3 provides a methodo-
logical foundation of this study, including a brief overview of BPNN.
Section 4 describes the design of an empirical model, followed by the
results of empirical analysis and managerial implications in Section 5.
Conclusions and major findings are presented in Section 6, followed by
the contributions of the study and further research implications in
Section 7.

2. Conventional key strategic components for market value
performance

2.1. Market value-based performance

The operational market strength or power of a firm can be gauged
by market valuation, which in turn can be traded, thus indicating the
overall health and expansiveness of any company, regardless of scale or
type of business. In this sense, market value is a standard measure with
which to estimate growth as well as the depth and breadth of a firm’s
operational strategy. It seems to be a traditional notion that market
value can be a firm’s operational barometer, used to control for some
strategic resources under uncertain market conditions. The market
value approach to corporate performance, which combines the ac-
counting data of firms with their valuation in the financial market,
encompasses the overall economic value with a firm’s collective assets
(Sandner and Block, 2011). In fact, market value performance indicates
not only the combined tangible and intangible asset value a firm could
be sold for as a continuing operating business in the stock marketplace,
but also the firm’s operating power to generate positive cash flows in
determining the value of the firm’s financial securities. As such, it is
argued that the market value aspect of a firm’s performance will
provide researchers with a better measure of a firm's real economic
performance, capturing the most valuable aspect of the firm (Berger,
1995; Hershey, 1985). The importance of major strategic determinants
in assessing a firm's market strength favorably for sustainable market
value has been the subject of a great deal of research in the area of
business management, regardless of the different size and/or type of
firms. Although only a few studies have specifically taken the market
value approach, the general findings of these studies appear to indicate
that core business strategy factors such as R&D intensity, financial
profit, sales growth, current ratio, and inventory turnover can be used
as major determinants of a firm's market value in SMEs.

2.2. Selected strategic determinants of market value performance

2.2.1. Research and development (R &D) investment
In one of the most traditional studies taking the market-based

performance approach, Chauvin and Hershey (1993) empirically
demonstrated the impact of research and development (R &D) on the
market value of the firm. Like financial significance for current cash
flows, R &D investment has a significant and positive influence on the
market value and growth of the firm (Acs and Audretsch, 1988;
Chauvin and Hershey, 1993; Chen et al., 2005; Kafouros and Mario,
2005; Morbey and Reithner, 1990). In particular, Chauvin and Hershey
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